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ABSTRACT

Background: Endoscopic management of pediatric subglottic
stenosis is common; however, no multiinstitutional
studies have assessed its perioperative outcomes.

The American College of Surgeon’s National Surgical
Quality Improvement Program — Pediatric (ACS-NSQIP-P)
represents a source of such data.

Objective: To investigate 30-day outcomes of endoscopic
dilation of the pediatric airway and to compare these
outcomes to those seen with open reconstruction
techniques.

Methods: Current procedural terminology (CPT) codes were
queried for endoscopic or open airway reconstruction
in the 2015 ACS-NSQIP-P Public Use File (PUF). Demo-
graphics and 30-day events were abstracted to compare
open to endoscopic techniques and to assess for risk
factors for varied outcomes after endoscopic dilation.
Outcome measures included length of stay (LOS), 30-day
rates of reintubation, readmission, and reoperation.

istorically, pediatric laryngotracheal stenosis was
managed using open reconstruction techniques,
including laryngoplasty, tracheal resection, and
cervical tracheoplasty. Initial reports of endoscopic di-
lation were described in the 1980s as a means to sal-
vage re-stenosis after open reconstruction [1]. Currently,
primary endoscopic dilation has become commonplace
in otolaryngology due to its less invasive nature as well
as—in cases of balloon dilation—minimization of tissue
damage [2]. The advancements made in endoscopic bal-
loon dilation have reduced the frequency with which open
reconstruction is performed.
Systematic reviews and case series investigating en-
doscopic dilation indicate a 70% to 80% success rate in

Results: 171 endoscopic and 116 open procedures were
identified. Mean age at endoscopic and open procedures was
4.1 (SEM = 0.37) and 5.4 years (SEM = 0.40). Mean LOS
was shorter after endoscopic procedures (5.5 days, SEM =
1.13 vs. 11.3 days SEM = 1.01, P < 0.001). Open procedures
had higher rates of reintubation (OR = 7.41, P= 0.026) and
reoperation (OR = 3.09, P = 0.009). In patients undergoing
endoscopic dilation, children < 1 year were more likely to
require readmission (OR = 4.21, P = 0.03) and reoperation
(OR = 4.39, P = 0.03) when compared with older children.

Conclusion: Open airway reconstruction is associated with
longer LOS and increased reintubations and reoperations,
suggesting a possible opportunity to improve value in health
care in the appropriately selected patient. Reoperations
and readmissions following endoscopic dilation are more
prevalent in children younger than 1 year.
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preventing future open surgery or tracheostomy [2-5].
While increased severity of stenosis has been associated
with poorer outcomes in endoscopic procedures, few
other risk factors that influence surgical success have
been identified [4,5]. In a single study in the adult litera-
ture, open surgical management of idiopathic subglottic
stenosis was associated with improved outcomes when
compared to endoscopic techniques [5]. Such findings

From the Northwestern University, Feinberg School of Medicine,
Chicago, IL (Mr. Bavishi, Dr. Lavin), the Johns Hopkins University,
Baltimore, MD (Dr. Boss), Children’s National Medical Center,
Washington, DC (Dr. Shah), and Ann & Robert H. Lurie Children’s
Hospital of Chicago, Chicago, IL (Dr. Lavin).

Vol. 25, No. 3 March 2018 111



Endoscopic Airway Dilation

Table 1. Demographic Data for Endoscopic and Open Airway Reconstruction Patients

Endoscopic (n = 171) Open (n = 116) P Value
Age Age < 1 53 (31.0%) 5 (4.3%) < 0.001
Age > 1 118 (69.0%) 111 (95.7%)
Sex Male 85 (49.7%) 61 (52.6%) 0.63
Female 86 (50.3%) 55 (47.4%)
Race White 91 (61.9%) 63 (63%) 0.96
Black 49 (33.3%) 33 (33%)
Other 7 (4.8%) 4 (4%)
Pulmonary disease Yes 147 (86.0%) 112 (96.5%) 0.001
No 24 (14.0%) 4 (3.5%)
Baseline tracheostomy Yes 70 (40.9%) 79 (68.1%) 0.001
No 101 (69.1%) 37 (31.9%)
Term Pre-term 91 (65.8%) 68 (61.3%) 0.37
Full-term 72 (44.2%) 43 (38.7%)

suggest a need to identify these factors for the purpose
of optimizing clinical decision-making.

As laryngotracheal stenosis is rare, postoperative
outcomes and risk factors are best identified on a multi-
institutional level. Due to its participation from 80 hospi-
tals and its accurate and reliable reporting of both de-
mographic and risk-stratified 30-day outcomes data, the
American College of Surgeon’s National Surgical Quality
Improvement Program — Pediatric (ACS NSQIP-P) pro-
vides such a platform [6—8]. Thirty-day outcomes and risk
factors for open reconstruction utilizing the ACS NSQIP-P
database have previously been reported; however, no
such outcomes for endoscopic dilation have been de-
scribed, and no comparison between endoscopic and
open procedures has been made [9]. The purpose of this
study was to utilize the 2015 ACS-NSQIP-P database to
investigate 30-day outcomes of endoscopic dilation of
the pediatric airway and to compare these outcomes to
open reconstruction techniques. Secondarily, we aimed
to determine if any demographic factors or medical co-
morbidities are associated with varied outcomes in en-
doscopic reconstruction. While these data reflect safety
and quality of this procedure in the United States, findings
may potentially be applied across international settings.
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Methods

Data Source

Data was obtained from the 2015 ACS-NSQIP-P Public
Use File (PUF). Due to the de-identified and public nature
of these data, this research was exempt from review by
the Ann & Robert H. Lurie Children’s Hospital of Chicago
review board. Data collection methods for ACS-NSQIP-P
have previously been described [10]. In brief, data was col-
lected from 80 hospitals on approximately 120 preopera-
tive, intraoperative, and postoperative variables. Cases are
systematically sampled on an 8-day cycle basis, where
the first 35 cases meeting the inclusion criteria in each
hospital in each cycle are submitted to ACS-NSQIP-P.

Variables and Outcomes

Airway procedures for endoscopic dilations and open
reconstructions were obtained by CPT code. Endoscop-
ic dilations (CPT 31528) were compared to open recon-
structions, which included laryngoplasty (31580, 31582),
cervical tracheoplasty (31750), cricoid split (31587), and
tracheal resection (31780). Demographic variables includ-
ed age, sex, race, and history of prematurity. Presence
of specific comorbid diseases were also collected and
tested for significance.



Dependent outcomes of interest were unplanned
30-day postoperative events grouped as reoperation,
unplanned readmission, and postoperative reintubation.
In the case of endoscopic procedures, the presence of
salvage open reconstruction or tracheostomy within 30
days of surgery was also recorded. Length of stay (LOS)
after the procedure was collected. Specific postoperative
complications and reasons for readmission were record-
ed within the limitations of data available in the PUF.

Analysis

Analysis was performed using descriptive statistics and
frequency analysis where appropriate. Chi-square analy-
sis was used to compare adverse events between open
and endoscopic procedures. Logistic regression with cal-
culation of odds ratio (OR) was performed to determine
predictive factors for reoperation, readmission, and rein-
tubation in all pediatric airway reconstructive procedures
in adjusted and unadjusted models. T-test and linear re-
gression was performed on the continuous outcome of
length of stay. For all analyses, a p value of < 0.05 was
considered statistically significant. All variable recoding
and statistical analyses were performed in SAS/STAT
software (Cary, NC).

Results

A total of 84,056 pediatric procedures were extracted
from the 2015 NSQIP-P PUFs. Using the above CPT
codes, 171 endoscopic dilations and 116 open airway
reconstructions were identified, with patient age ranging
from O days to 17.6 years. Average age of patients under-
going endoscopic dilation and open reconstruction was
4.1 and 5.4 years, respectively (Table 1).

Potential confounders were tested with univariate
logistic regression to determine if they had a significant
impact on readmission, reintubation, or reoperation rates.
These variables (Table 2) included age, tracheostomy
status, prematurity, sex, race, congenital malformations,
prior cardiac surgery, underlying pulmonary disease,
immune disease, brain disease, gastrointestinal disease,
cardiac disease. Only age was significantly associated
with reoperation rates. These variables were also tested
against length of stay using univariate linear regression:
age, pulmonary disease and tracheostomy were sig-
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Table 2. Variables Tested as Potential Confounders

*

Age
Sex
Race (white, black, other)

Prematurity (gestational age < 36 wk)*
Baseline tracheostomy

Pulmonary disease (structural pulmonary abnormalities, asthma,
history of chronic lung disease or bronchopulmonary dysplasia)*

Gastrointestinal disease (esophageal varices)

Neurologic disease (strokes, impaired cognitive status, seizures,
cerebral palsy, acquired neurologic abnormalities, intraventricular
hemorrhage)

Cardiac risk factor score

Prior cardiac surgery

Congenital malformations

Immunosuppression (steroid usage, bone marrow transplant)

NOTE: These variables were tested by univariate linear regression as potential confounders
for length of stay and tested by univariate logistic regression as potential confounders for
readmission, intubation, or reoperation. * depicts variables included in final model due to
significant univariate analyses.

nificantly associated with change in length of stay. All
models were adjusted for these 3 variables accordingly.

In patients undergoing endoscopic dilation, average
length of stay was 5.5 days (SEM = 1.13), with 79 (48.5%)
patients having a length of stay of zero days. Of all pa-
tients who had endoscopic dilations, 70 (40.1%) had a
pre-existing tracheostomy and these accounted for the
majority (73%) of patients who had zero days as their
LOS. LOS after endoscopic management was signifi-
cantly shorter than the mean of 11.3 days (SEM = 1.01)
reported in those undergoing open reconstruction (P <
0.001).

With respect to 30-day adverse events, 2 patients in
the endoscopic group (1.1%) required reintubation. Thir-
teen endoscopic dilation cases (7.6%) had an unplanned
readmission, four (2.3%) of which were associated with
reoperation within 30 days of the primary surgical pro-
cedure. There were 9 other reoperations unassociated
with unplanned readmission. Three of these reoperations
were due to failed endoscopic dilations, resulting in 2 tra-
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Figure. Unadjusted and adjusted odds ratios for open vs endoscopic reconstruction. Adjusted models (triangle) are adjusted for age (in

years), tracheostomy status, and pulmonary disease.

cheostomies and one open airway reconstruction. There
was one patient death, in a 0-day old with tetralogy of
Fallot, trachea-esophageal fistula, and ventilator depen-
dence who underwent emergent endoscopic dilation
and died the same day.

Open procedures were associated with 11 unplanned
readmissions (9.5%), 7 re-intubations (6%) and 18 re-
operations (15.5%). Of patents undergoing reoperation,
one patient undergoing open reconstruction underwent
tracheostomy within 30 days of surgery.

When comparing open reconstruction to endoscopic
dilation, there was a significant increase in reintubation
(OR = 741, P = 0.026) and reoperation (OR = 3.09, P
= 0.009) for open procedures, even with adjustment
for age, tracheostomy status, and pulmonary disease.
There was no significant difference between the two for
unplanned readmissions (OR = 1.19, P = 0.79) (Figure).

Younger age was also found to be significantly associ-
ated with reoperation rates, in an adjusted logistic model
that accounted for tracheostomy status, type of surgery,
and pulmonary disease. Per year of life, younger children
had higher reoperation rates than older children (OR =
1.91, P = 0.017). When endoscopic dilation was individu-
ally examined, children younger than 1 year of age were
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more likely to undergo reoperation after an endoscopic
dilation than children older than 1 (OR = 4.39, P = 0.03).
Children under age 1 were also more likely to have an
unplanned readmission after an endoscopic dilation (OR
= 4.21, P = 0.03). The relationship between age and
re-intubation was not significant (OR = 0, P = 0.95). For
open reconstruction, this age dichotomization was not
associated with any increased reoperation (OR = 2.3, P
= 0.52), readmission (OR = 0, P = 0.97), or reintubation
(OR =0, P=0.94).

T-test analysis was performed to determine if children
< 1 year old also had significantly longer hospital stays
after endoscopic dilation than older children (mean 14.1
days vs 1.9 days, P < 0.001). This relationship held true
in a linear regression after adjustment for pulmonary dis-
ease and tracheostomy, with length of stay decreasing
by 0.48 days per year of life (P = 0.03). For endoscopic
dilations, the same relationship held true, where length of
stay decreased by 0.75 days per year of life.

Discussion

Endoscopic dilation for primary management of pediatric
laryngotracheal stenosis has become commonplace. De-
spite this, outcomes of this procedure have only been de-



scribed in case series and meta-analyses [2-5]. The rel-
ative rarity of pediatric laryngotracheal stenosis suggests
the need for large, multi-institutional data for purposes of
patient selection and medical decision-making.

This study utilized the ACS-NSQIP-Pediatric database
to highlight 30-day outcomes of endoscopic dilation and
to compare these outcomes to those of open airway
reconstruction procedures. The ACS-NSQIP database
has been endorsed by multiple organizations, including
the Center for Medicare and Medicaid Services, the Joint
Commission, and the American Medical Association. It
has been shown to have higher sensitivity and a lower
false-positive rate when compared to administrative data,
in part due to data collection from trained personnel [11].
Furthermore, ACS-NSQIP use has the additional benefit
of reporting an unplanned admission—a feature unavail-
able in review of claims data [12].

With respect to adverse events, our study demon-
strates that endoscopic dilation is associated with an
equally high rate of unplanned readmission when com-
pared to open reconstruction. The high prevalence of
comorbid disease such as chronic lung disease (32% of
endoscopic dilation and 43% of open reconstruction) can
account for some of the morbidity associated with any
airway procedures.

Despite high rates of unplanned readmission, pa-
tients undergoing endoscopic dilation were less likely to
have reoperations within 30 days of initial surgery when
compared to those undergoing open reconstruction.
While differences in disease severity may be partially
responsible for this difference in the reoperation rate, this
finding is notable given the health care costs associated
with multiple operations as well as safety concerns with
multiple anesthetics in the very young [13,14].

The ACS-NSQIP platform does not distinguish un-
planned from planned reoperations. In the setting of
airway surgery, where multiple planned reoperations are
commonplace, this metric is a suboptimal stand-alone
indicator of adverse outcomes. Other markers available
in the database—such as reintubations and performance
of tracheostomy or open airway reconstruction within
30-days of surgery—are more indicative of surgical
outcome in the setting of airway surgery. We found that
both reintubations and salvage open reconstruction
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within 30-days were rare. It should be noted that the
ACS-NSQIP data does not report any events occurring
outside of the 30-day postoperative period, representing
potential limitation of the use of this database. As was
previously advocated by Roxbury and colleagues, pro-
cedure/subspecialty specific outcome data collection
would also improve outcome analysis of airway and other
otolaryngologic procedures [9]. In the setting of airway
reconstruction, this would include data pertaining to Cot-
ton-Meyer grading systems well as postoperative voice
and swallow outcomes.

In addition to safety profile, endoscopic procedures
were associated with shorter LOS when compared with
open reconstruction, representing ancther potential source
of cost savings with this less invasive method. This is es-
pecially significant given that open reconstruction patients
spend much of their inpatient stay in an ICU setting. In
patients who are candidates for endoscopic procedures,
this lower-risk, lower-cost profile of endoscopic dilation has
the opportunity to improve value in health care and may be
the source of future improvement initiatives.

In addition to comparing overall outcomes between
endoscopic and open management of laryngotracheal
stenosis, our study aimed to identify factors that were
associated with varied outcomes in patients undergoing
primary endoscopic dilation. We found that children
younger than 1 year of age were 5.8 times more likely to
undergo an unplanned reoperation after an endoscopic
dilation than children over 1 year. A similar finding was
reported in open airway surgeries, with increased reop-
eration rates in children < 3 years old [9]. The justification
of a dichotomization at 1 year was made as expert
opinion recognizes that the infant airway is less forgiving
to intervention given its small size. Young age was also
a factor in prolonged LOS as was determined by linear
regression. It is likely that this increased LOS may be in
part due to associations of young age and the neonatal
ICU population. One must balance the increased risk of
surgery in the young with that of tracheostomy, which
has a published complication rate of 18% to 50% and
direct mortality rate of 1% to 2% in the pediatric popula-
tion [15-18]. Understanding these relative risks may help
guide the airway surgeon in preoperative counseling with
families and medical decision-making.
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As discussed above, the limitation of data to a 30-day
period is a relative weakness of ACS-NSQIP database
use for studies of airway reconstruction, as the ultimate
outcome—a stable, decannulated airway—may occur
outside of this time period. As many quality metrics utilize
data from the 30-day postoperative period, knowledge
of these outcomes remains valuable in surgical deci-
sion-making. Ultimately, collection of data in a large,
long-term dataset would allow broader generalizations to
be made about the differences between open and endo-
scopic procedures and would also give a more compre-
hensive picture of the outcomes of endoscopic dilation.

In conclusion, this study is the first to analyze 30-day
postoperative outcomes in pediatric endoscopic airway
dilations using data aggregated by ACS-NSQIP from
institutions across the United States. This data indicates
that endoscopic airway dilation is a relatively safe pro-
cedure, especially compared with open reconstruction;
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