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ABSTRACT

Background: Serial intralesional steroid injections (ILSIs) have been suggested to be an effective adjunct treatment for idio-
pathic subglottic stenosis (iSGS) by maintaining airway patency and extending inter-surgical intervals. However, evidence for the
effectiveness of serial ILSIs remains inconclusive. The current study aimed to assess whether ILSIs reduce the risk of subsequent
surgical dilation (i.e., recurrence) in a cohort of patients with iSGS.

Methods: Prospectively collected clinical data for 75 female iSGS patients with 1-4years of follow-up were analyzed. To assess
the effect of ILSI use on the risk of recurrence, we assessed both the time-to-first recurrence using a standard Cox proportional
hazards model and all recurrences per patient using a recurrent-events model. Overall, there were 36 patients who had received
ILSIs at any point in the follow-up period and 39 patients who had not.

Results: ILSI use was associated with a significantly reduced risk of recurrence in both time-to-first event (hazard ratio
(HR)=0.20, 95% confidence interval (CI) 0.08-0.49) and recurrent events (HR =0.44, 95% CI 0.26-0.75) multivariate Cox pro-
portional hazard models, along with older age at diagnosis and longer time since diagnosis (all p <0.05). In the time-to-first event
analysis, the median time to recurrence among those who had received ILSIs was 2.5years compared to 1.4 years among those
who had not. The number needed to treat with ILSIs to avoid one recurrence by 2 years follow-up was two.

Conclusion: Serial ILSTs were associated with reduced risk of recurrence, along with older age at diagnosis and longer time since
diagnosis.

Level of Evidence: 3 (non-randomized controlled cohort/follow-up study).
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1 | Introduction

Idiopathic subglottic stenosis (iSGS) is a rare disease of un-
known etiology, characterized by severe narrowing of the upper
airway [1]. The typical age of onset is around 40-60years, and
it affects nearly exclusively white females [2-5]. There are var-
ious treatment options for iSGS, including endoscopic dilation
and cricotracheal resection [3, 4]. Unfortunately, surgical inter-
vention is not curative for iSGS. Despite repeated dilations or
complete resection of the stenosis, scarring often recurs, leading
to patient anxiety, financial strain from time off work, and the
potential for worsening airway scarring or other complications
associated with repeated surgical procedures.

Serial intralesional steroid injections (ILSIs) administered in the
clinic setting under local anesthesia have been adopted in many
laryngology practices as an adjunct treatment for iSGS [6-14].
Based on evidence that iSGS may be driven by a fibroinflamma-
tory process [2, 15-18] and that corticosteroid injections have
been used to manage other fibrotic diseases [19], serial ILSIs
have been hypothesized to prolong the time to stenosis recur-
rence [10, 11]. Nevertheless, evidence for the effectiveness of
serial ILSIs remains inconclusive. Small retrospective or case
series cohorts with fewer than 25 patients, encompassing vari-
ous forms of subglottic stenosis, have suggested that ILSIs may
nearly double the surgery-free interval compared to the period
before ILSI initiation [6, 9, 12]. However, a more recent multi-
center prospective study of 290 patients with iSGS found no sig-
nificant association between serial ILSI use and reduced risk of
recurrence [20].

To evaluate the effectiveness of serial ILSIs, we analyzed pro-
spectively collected longitudinal data from a cohort of patients
with iSGS (n=75), which included both patients who had re-
ceived ILSIs and those who had not. Using multivariate Cox
proportional hazards models for both time-to-first event and
recurrent event analyses, we assessed the impact of ILSIs on
stenosis recurrence risk, adjusting for relevant clinical and
demographic covariates. Additionally, we calculated the num-
ber needed to treat with ILSIs to prevent one recurrence and
summarized the frequency of ILSI administration within our
cohort.

2 | Methods
2.1 | Patient Cohort Description

The study was approved by the research ethics board at both
participating institutions (Western HSREB 115746, Unity
Health REB 19-324). Written informed consent was obtained
from all study participants. Patients 18years of age or older
with a diagnosis of iSGS were ascertained from Unity Health
Toronto-St. Michael's Hospital (Toronto, Ontario, Canada) or
London Health Sciences Centre (LHSC)—Victoria Hospital
(London, Ontario, Canada). Only patients with at least 1year
of prospectively collected clinical data were included. Patients
with a history of cricotracheal resection were excluded, given
prior evidence indicating a substantially lower risk of recurrence
compared to endoscopic dilations [4]. All participants consented
to a biopsy of their affected subglottic tissue during a surgical

dilation procedure for molecular analyses [2, 15]. The prospec-
tive follow-up period was defined as the time from the “index”
surgical dilation during which the index biopsy was collected, to
the most recent surgical or clinical appointment, until the study
cut-off date of July 1, 2024. All data in this study were collected
after approval by institutional board review.

All ILSIs were performed in the office under local anesthesia.
The majority of the injections were performed trans-nasally via
a channeled laryngoscope, and some patients received the ste-
roids via the trans-cricothyroid approach due to a hyperactive
gag reflex. Each patient received up to 3mL of 40 mg/mL of tri-
amcinolone at each injection.

2.2 | Study Outcomes and Statistical Analyses

The primary outcome of the study was stenosis recurrence, de-
fined as each surgical dilation following the index dilation that
marked the start of the prospective follow-up period. Surgery-
free interval was defined as the time between consecutive sur-
gical dilations. To assess the effect of ILSIs administered during
the surgery-free interval on the risk of recurrence, we used both
a standard (time-to-first event) and the Andersen-Gill extension
of the Cox proportional hazard model [21, 22]. First, a standard
Cox proportional hazards model was applied to compare the
time-to-first recurrence between patients who received one or
more ILSI(s) before their first recurrence and those who did
not. Second, to include all available longitudinal data points,
including when patients experienced multiple recurrences (i.e.,
three or more surgical dilations), we utilized the Andersen-Gill
extension of the Cox proportional hazards model. In this model,
ILST use status was annotated for each surgery-free interval,
that is, treated as a time-varying covariate when patients re-
ceived ILSI(s) during some surgery-free intervals but not oth-
ers. Thus, specifically the surgery-free intervals where ILSIs
were administered were compared with surgery-free intervals
where ILSIs were not. Both univariate and multivariate analy-
ses were performed, with the latter adjusting for age at diagno-
sis, years since diagnosis, body mass index (BMI), and antacid
use. Categorical variables required a minimum count of 10 in
each category to be included as covariates in the multivariate
models. Additionally, years since diagnosis was coded as a time-
varying covariate in the recurrent events model, indicating the
number of years elapsed since diagnosis at the beginning of each
surgery-free interval. For both models, patients were considered
censored if their last available record corresponded to an ILSI or
clinic appointment. The proportional hazards assumption in the
standard Cox proportional hazards model was assessed using
Schoenfeld residuals with the cox.zph function [23]. Plots of the
scaled Schoenfeld residuals were generated using the ggcox-
zph function and visually inspected for a downward or upward
trend of the scaled Schoenfeld residuals when the test indicated
a statistically significant (p <0.05) violation of the proportional
hazards assumption. Missing data were handled in the models
using imputation, using the median value for one missing BMI
and the most frequent value for one missing antacid use status.

The number needed to treat (NNT) with serial ILSIs to prevent
one recurrence was calculated at multiple time points using
Kaplan-Meier estimates of the time-to-first recurrence analysis.
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The absolute risk reduction (ARR) associated with ILSIs was de-
termined at each time point, and the NNT was derived as the
reciprocal of ARR (i.e., NNT=1/ARR).

All analyses were conducted in R version 4.3.2. The survival
package was used to implement the standard and recurrent
events Cox proportional hazards models. survfit2 was used to
create Kaplan-Meier plots. Statistical significance was defined
as p<0.05.

3 | Results
3.1 | Cohort Description

In total, there were 75 patients with iSGS with at least 1year of
prospective follow-up data, and no history of cricotracheal re-
section (Table 1, Figure 1). All patients were female and White.
The median age at diagnosis was 47years (interquartile range
(IQR) 34-55years) and the median BMI was 28.3kg/m? (IQR
24.5-34.3). Antacid use was reported by 31 (41.9%) patients.
Smoking (current or past history), family history of iSGS (any
affected first or second degree relative), and diabetes (type I or
II) were infrequent in this cohort (Table 1).

Among these 75 patients, there were 687 recorded surgical
or clinical appointments, including 151 surgical dilations
(22.5%) and 200 ILSIs (29.8%) (Table S1, Figure 1). Of the 151
surgical dilations, 148 (98.0%) were balloon dilations while
the remaining were rigid dilations. Nearly all dilations were
performed with microsuspension laryngoscopy and were
CO, laser assisted to divide the stenosis (Table S1). In most
cases, intra-lesional steroids were administered at the end of
the procedure (Table S1). The overall rate of surgical dilations
was 0.82 dilations per year (IQR 0.68-1.21) (Figure S1). There
were 30 patients (39.0%) who received only the initial surgical
dilation and did not require a second dilation. Twenty-eight
patients (37.3%) received two surgical dilations and the re-
maining received three to five dilations within the 1-4year
follow-up period (Table S1). Approximately half of the cohort
(n=39; 52.0%) had never received an ILSI at any point in the
follow-up period while the remaining (n=36; 48.0%) received
between one to 14 ILSIs (Tables 1, S1, and S2).

3.2 | Effect of Serial Intralesional Steroid
Injections on Risk of Recurrence

We first compared the time-to-first recurrence, defined as the
first subsequent surgical dilation, between patients who re-
ceived (n =22) versus those who did not receive (n = 53) one or
more ILSI(s) prior to their first recurrence or date of censoring
(Figure 2, Table S3). ILSI use was associated with significantly
lower risk of recurrence in a univariate model (hazard ratio
(HR)=0.23, 95% confidence interval (CI) 0.10-0.54) and in a
multivariate model (HR =0.20, 95% CI 0.08-0.49) (Table 2).
The median time to recurrence among those who received
ISLIs was 2.5years compared to 1.4years among those who
did not (Figure 2). In the multivariate model, older age at diag-
nosis (HR=10.96,95% CI0.94-0.98) and longer time since diag-
nosis (HR =0.88, 95% CI 0.80-0.98) were also associated with

TABLE 1 | Clinical and demographic features of 75 female white
patients with idiopathic subglottic stenosis.

Patient characteristic (n =75 total)

Age at diagnosis, years

Median 47
IQR 34-55
Range 18-72

Age at start of follow-up, years

Median 50

IQR 38-59

Range 18-75
BMI, kg/m?

Median 28.3

IQR 24.5-34.3

Range 18.6-71.1
Smoking ever, No. (%) 8(10.7)
Antacid use, No. (%)? 31 (41.9)
Family history®, No. (%) 4(5.3)
Diabetes (type I or II), No (%) 5(6.7)
Intralesional steroid injection use, No. (%)° 36 (48.0)
Site, No. (%)

LHSC, London 36 (48.0)

UH, Toronto 39 (52.0)
Surgical dilation rate, dilations per yeard

Median 0.82

IQR 0.68-1.21

Range 0.30-1.87
Follow-up duration, years

Median 2.2

IQR 1.6-2.7

Range 1.1-4.2

Abbreviations: BMI, body mass index; IQR, interquartile range; LHSC, London
Health Sciences Centre; UH, Unity Health.

2Missing data from one patient (n="74).

"Defined as any first-degree relative with idiopathic subglottic stenosis.
“Having received an in-office intralesional steroid injection at any point in the
follow-up period.

dThe dilation rate was calculated by dividing the total number of surgical
dilations received by the follow-up time in years.

significantly reduced risk of recurrence (Table 2). We evalu-
ated the proportional hazards assumption using Schoenfeld
residuals and identified a deviation from model assumptions
for ILST use status near the end of the follow-up period, begin-
ning at approximately 2.2years (Figure S2). To address this,
we repeated the analysis censoring all data beyond 2.2years.
This adjustment resulted in minimal differences in the out-
comes (Table S4).
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FIGURE1 | Follow-up trajectory of 75 patients with idiopathic subglottic stenosis, where each horizontal line represents one patient, in descend-
ing order of follow-up time. Shapes along the line indicate the type of medical visit. ISLI, intralesional steroid injection.

We also utilized a recurrent event-adapted Cox proportional
hazards model to account for all recurrences in our dataset
(Table 2). This analysis included 43 surgery-free intervals
(from n =36 patients) during which one or more ILSI(s) were
administered and 102 surgery-free intervals without ILST use
(from n =55 patients; these include intervals where no ILSI
was administered in patients who had received ILSIs during
other intervals). Consistent with the findings from the time-
to-first event analysis, ILSI use was associated with a signifi-
cantly lower risk of recurrence in both the univariate model
(HR=0.44, 95% CI 0.26-0.73) and the multivariate model
(HR=0.44, 95% CI 0.26-0.75). Similarly, older age at diagno-
sis and a longer duration since diagnosis were significantly as-
sociated with a reduced risk of recurrence in the multivariate
model (Table 2).

3.3 | Number Needed to Treat With Intralesional
Steroid Injections

We calculated the NNT with ISLIs to prevent one recurrence at
1.0, 1.5, and 2.0years follow-up, based on the ARR at each time
point derived from the Kaplan-Meier estimates in the time-to-
first recurrence analysis. The percent of recurrence-free individ-
uals in the ILSI group versus the no-ILSI group at 1.0, 1.5, and

2.0years was 100.0% vs. 67.9%, 95.5% vs. 44.4%, and 77.6% Vvs.
32.6%, respectively (Figure 2B). These correspond to an NNT
of three, two, and two at 1.0, 1.5, and 2.0years, respectively
(Table S5).

3.4 | Frequency of Intralesional Steroid Injections

Given that ILSIs are typically administered in a serial manner,
we quantified their usage frequency among all patients who had
ever received an ILSI (n=36 patients). Among 43 surgery-free
intervals where one or more ILSI(s) were received, either be-
tween consecutive surgical dilations or from dilation to censor-
ing, the median number of ILSIs received was four (range 1-8)
(Figure 3A). Among the 200 recorded ILSIs, the median time
from either the previous surgical dilation or the previous ILSI
was 53days (IQR 42-91) (Figure 3B).

4 | Discussion

The current study involved prospectively documented surgical
and clinic procedures of 75 patients with iSGS, where a subset
of patients was treated with serial ILSIs between endoscopic
dilations. ILSI use was associated with a significantly reduced
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each horizontal line represents one patient, in descending order of the time-to-first recurrence or date of censoring. The line color indicates if one or
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was defined as a recurrence. Vertical ticks on the curves represent censored time points.

TABLE 2 | Time-to-first event and recurrent event Cox proportional hazard models assessing the effect of intralesional steroid injections on the
risk of recurrence in patients with idiopathic subglottic stenosis (n=75).

Time-to-first event model? Recurrent events model®

HR (95% CI) p HR (95% CI) p

Univariate model

Intralesional steroid injection® 0.23(0.10-0.54) 0.0008 0.44 (0.26-0.73) 0.0014
Multivariate model

Intralesional steroid injection® 0.20 (0.08-0.49) 0.0005 0.44 (0.26-0.75) 0.0024

Age at diagnosis 0.96 (0.94-0.98) 0.0012 0.98 (0.96-0.99) 0.0026

Years since diagnosis? 0.88 (0.80-0.98) 0.0194 0.93 (0.88-0.98) 0.0104

BMI (kg/m?) 1.00 (0.97-1.03) 0.9747 1.00 (0.98-1.02) 0.8158

Antacid use® 1.22 (0.66-2.26) 0.5329 1.15 (0.79-1.66) 0.4616

Abbreviations: 95% CI, 95% confidence interval; BMI, body mass index; HR, hazard ratio.
aTime-to-first recurrence (i.e., first surgical dilation following the index dilation) in a standard Cox proportional hazards model.
bAndersen-Gill adapted Cox proportional hazards model applied to all recurrences.

‘Having received one or more in-office intralesional steroid injections during each surgery-free interval.

4The number of years since diagnosis at the beginning of each surgery-free interval.
Active use of antacid medication (e.g., proton pump inhibitors, H2 receptor antagonists) throughout the follow-up period, including during periods of ILSI

administration.
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risk of recurrence in both time-to-first event (HR =0.20) and
recurrent event (HR =0.44) multivariate Cox proportional
hazard models. At 2years follow-up, 78% of patients who did
not receive ILSIs experienced recurrence, compared to 33%
among patients who did, corresponding to a NNT with ILSIs
of two to avoid one recurrence. Notably, within 1year of the
index surgical dilation, no individuals treated with ILSIs ex-
perienced recurrence, compared to 30.1% in those not treated
with ILSIs. Additionally, the multivariate models showed that
older age at diagnosis was associated with a lower risk of re-
currence, consistent with previous studies [2, 24, 25], along
with a longer time since diagnosis.

In the current study, ILSIs prolonged the median time-to-
first recurrence from 1.4years in those who did not receive
ILSIs to 2.5years in those who did. This effect size appears
roughly consistent with previous reports using smaller sam-
ple sizes that included other subtypes of subglottic stenosis.
For example, the surgery-free interval before versus after
ILSI initiation was 6.1 months versus 10.7months in Neevel
et al. [6], 288 days versus 545 days in Pan and Rosow [12], and
10.1 months versus 22.6 months in Bertelsen et al. [9]. Thus,
based on the results of the current study and these previous
reports, it appears that ILSI use may prolong the time to re-
currence by at least approximately 50%. While delaying the
time to recurrence, it is also evident from the current study
that maintenance of surgery-free intervals using serial ILSIs
involves frequent administration, with patients receiving a
median of four injections that are each separated by a median
of ~2months between consecutive surgical dilations. Thus,
patient preference and accessibility to healthcare may be im-
portant factors to consider when making a shared decision on
the treatment approach in patients with iSGS.

The results of the current study stand in contrast to a previ-
ous large prospective study on patients with iSGS by Hoffman
et al. [20], that found a more modest, non-statistically signif-
icant risk reduction for recurrence among patients who were
treated with serial ILSIs compared to those who were not
(HR=0.68; 95% CI 0.16-2.78). Interestingly, approximately
three-quarters of patients remained recurrence-free by 2 years
follow-up in the group receiving serial ILSIs in both Hoffman
et al. and in the time-to-first recurrence analysis in this study.

The apparent difference in the relative effectiveness of se-
rial ILSIs between the two studies may be attributed to the
significantly lower recurrence rate observed in the surgical
dilation-only group in Hoffman et al. compared to the current
study. By 2years of follow-up, approximately 63% of patients
in Hoffman et al.'s surgical dilation-only group remained
recurrence-free, compared to 33% in this study. Another im-
portant consideration is that given the absence of established
guidelines, neither study included standardized indications
for initiating serial ILSIs nor standardized protocols for their
administration. Differences in the time to initiation of serial
ILSIs following surgical dilation, frequency of ILSIs, and se-
lection of patients to undergo serial ISLIs may affect the mea-
sured outcomes. Further studies are warranted to determine
whether factors such as past history of rapid recurrence, el-
evated BMI, and challenging surgical exposure may affect
selection for treatment with ILSIs and treatment success.
Additionally, Hoffman et al. did not require a minimum of
lyear of follow-up for all patients, and their data appear to
show substantial censoring before the one-year mark. Less re-
liably capturing the true number of recurrences that occurred
by 1year follow up could potentially affect the observed treat-
ment group differences [20].

The results of this study are also consistent with previous stud-
ies on age and menopause status in iSGS that have suggested
the general trend that older age is associated with reduced
risk of recurrence [2, 24, 25]. In this study, the patient's age
was delineated into two variables: the age at diagnosis and the
number of years since diagnosis. Both variables were signifi-
cant predictors of recurrence in multivariate models suggest-
ing that they may confer additive/independent effects; older
age at diagnosis was associated with lower risk of recurrence
(~2%-3% reduction in risk per year increase) and additionally
the disease severity appeared to generally wane over time
(~7%-12% reduced risk of recurrence per year from diagnosis).
Given the widely speculated hormonal involvement in the eti-
ology of iSGS, it has been hypothesized that this age-related
effect on disease severity may be attributable to cumulative
years of estrogen exposure and/or menopause status [24, 25].
While some initial studies have assessed this subject [24, 25],
further studies will be needed to disentangle the complex re-
lationship between these variables.
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4.1 | Advantages and Limitations

To our knowledge, this is one of two prospective studies on the
effect of serial ILSIs as an adjunctive treatment for patients with
iSGS [20]. This study included 36 patients who received ILSIs
and 39 who did not, representing a substantially larger sample
size than previous retrospective studies, where fewer than 10 pa-
tients with documented surgical dilations prior to ILSI initiation
were available for comparison [6, 9, 12]. Additionally, this study
exclusively focused on patients with iSGS, in contrast to many
previous studies that included more heterogeneous causes of
subglottic stenosis [6, 9, 12]. In contrast to a previous prospective
study on serial ILSI [20], our data capture the time point that
each ILSI was received and the total number of ILSIs received
between each recurrence. We applied both time-to-first event
and recurrent event models to account for all available surgi-
cal events, providing a comprehensive analysis. Furthermore,
the availability of detailed clinical data allowed for multivariate
models that included other covariates associated with recur-
rence risk.

This study has several limitations. Although a minimum of
1year of follow-up was required for inclusion, a longer follow-up
period would likely provide a more accurate assessment of the
recurrent nature of iSGS. When testing the proportional hazards
assumption using Schoenfeld residuals, we observed a trend to-
wards a higher risk of recurrence in the ILSI group after approx-
imately 2.2years (Figure S2). While this may suggest an upper
limit to the efficacy of ILSIs in maintaining surgery-free inter-
vals, it could also represent a spurious trend due to the small
number of patients at risk beyond that time point (Figure 1B).
Additionally, the relatively higher hazard ratio from the recur-
rent events model (HR=0.44, 95% CI 0.26-0.75) compared to
the time-to-first event model (HR =0.20, 95% CI 0.08-0.49) may
indicate that the relative effectiveness of serial ILSIs diminishes
with successive surgery-free intervals. Longer follow-up with
more patients extending beyond the first surgery-free interval
will be essential to evaluate the long-term durability of serial
ILSIs. While we regard requiring a surgical dilation to be the
most relevant clinical outcome of restenosis, our study lacks
measurement of functional outcomes, such as peak expiratory
flow, to assess direct physiological changes that may be con-
ferred by ILSI use. Future studies will also be necessary to in-
vestigate potential side effects of serial ILSIs [6]. Finally, despite
adjusting for covariates, the results from this non-randomized
study may still reflect bias arising from factors such as varia-
tions in surgeon preference, patient access to healthcare, and
other demographic features.

5 | Conclusion

Serial ILSIs, used as an adjunct therapy to surgical endoscopic
dilations, were associated with a significantly reduced risk of
recurrence in patients with iSGS. Older age at diagnosis and
longer time since diagnosis were also linked to a lower recur-
rence risk. The number needed to treat (NNT) with serial ILSIs
to prevent one recurrence within 2years post-surgical dilation
was two. However, given the observational nature of this study
and discordant results in the literature, further studies are still
needed to confirm the effectiveness of ILSIs in iSGS.
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