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Abstract

Objective: To determine the long-term efficacy of submucosal corticosteroid injection plus dilatation for subglottic
stenosis as a single modality treatment in granulomatosis with polyangiitis and relapsing polychondritis, as
compared with idiopathic subglottic stenosis and traumatic subglottic stenosis.

Method: Patients who underwent dilatation for autoimmune causes were identified. Corticosteroid injection into
the submucosa of a stenotic segment was followed by serial dilatation. Definitive improvement was defined as good
airway patency for more than 24 months with no further procedures needed. Clinical, demographic and procedural
data were recorded.

Results: Patients (n = 45) were divided into three subglottic stenosis groups: traumatic (n = 24), idiopathic (n = 9)
and autoimmune (r» = 12). Patients were treated with dilatations, with a median follow-up time of 76 months. Six
patients were tracheostomy-dependent. There were no statistical differences in the number of final improvements
between autoimmune, idiopathic and traumatic groups, with values of 75, 56 and 71 per cent, respectively.
There was no statistical difference between granulomatosis with polyangiitis plus relapsing polychondritis and
idiopathic subglottic stenosis in terms of decannulation rates.

Conclusion: Granulomatosis with polyangiitis and relapsing polychondritis patients have better improvement

rates than patients with other subglottic stenosis types.
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Introduction

Subglottic stenosis is not a homogeneous clinical
entity. It has multiple distinct aetiologies that demon-
strate disparate rates of long-term tracheostomy
dependence. The subglottic region, situated approxi-
mately one centimetre below the glottis, constitutes
the boundary of the upper and lower airways, and repre-
sents the junction between two embryonic buds or
growth centres.

In subglottic stenosis, the contribution of co-morbid
illnesses is critical to treatment strategies.' Although
most cases are not autoimmune, subglottic stenosis
has been reported in some patients with granulomatosis
with polyangiitis (Wegener’s granulomatosis) and
relapsing polychondritis. Granulomatosis with polyan-
giitis is a necrotising vasculitis that can involve the sub-
glottis in approximately 3—9 per cent of cases.”’
Obstruction can occur secondarily to acute inflamma-
tion and may require urgent tracheostomy. Awareness
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of this manifestation and prompt diagnosis allows
one to initiate the appropriate treatment, which is
important as the upper airway manifestation of granulo-
matosis with polyangiitis tends to be more refractory to
systemic therapy.* © Relapsing polychondritis is a rare,
systemic disease, with an episodic and progressive
nature, resulting from cartilaginous destruction.
Diffuse airway involvement and tracheomalacia are
considered to be common manifestations of relapsing
polychondritis, occurring in up to 21 per cent of
cases, while lesions localised in the subglottis are rare.”

The management of adult subglottic stenosis is
complex. Numerous approaches have been described,
including: transoral laser microsurgery; cold steel scar
resection followed by balloon dilatation; nitinol
stents; and dilatation interventions with the local appli-
cation of mitomycin C.*~'' Repeated endoscopic pro-
cedures are recommended in patients with severe
autoimmune disease that do not allow open surgery
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or when other co-morbidities contraindicate open
surgery.'? Systemic treatment remains mandatory but
has a minimal effect on autoimmune subglottic sten-
osis. Laryngotracheal resection is reserved for those
patients in whom endoscopy failed and in whom the
disease is in the quiescent phase, with no risk of resten-
osis or anastomosis dehiscence.'® The therapeutic strat-
egy depends on the degree of inflammatory activity and
the degree of airway narrowing.'* '® Hoffman et al.
was the first to describe intralesional injection of
methylprednisolone acetate into the stenotic segment,
followed by microsurgical lysis of the stenotic ring
and serial dilatation with Maloney bougies or a
Fogarty catheter balloon in granulomatosis with poly-
angiitis cases.'’ This non-invasive method has been
widely described in the literature.”'>'"~1?

The authors hypothesised that dilatation, a minimally
invasive treatment, is adequate and effective as a first-
line procedure in the treatment of dyspnoea in subglottic
stenosis cases of unclear origin or in systemic diseases
with no standardised protocol. This study, which pre-
sents a single institution’s experiences, aimed to assess
the outcomes of intralesional long-acting corticosteroid
injection plus dilatation for subglottic stenosis in granu-
lomatosis with polyangiitis and relapsing polychondritis
patients versus non-autoimmune patients with idiopathic
and traumatic subglottic stenoses.

Materials and methods

The study comprised 45 patients with subglottic sten-
osis (25 males (55.6 per cent) and 20 females (44.4
per cent)) who underwent intralesional long-acting cor-
ticosteroid injection plus dilatations at the Department
of Otolaryngology, Head and Neck Surgery, Poznan

University of Medical Sciences (a tertiary referral
centre), between January 2005 and December 2012.
The study population was composed of 12 patients
with autoimmune subglottic stenosis, 9 with idiopathic
subglottic stenosis and 24 with traumatic subglottic
stenosis. Only patients with clinical symptoms of sub-
glottic stenosis and subglottic involvement confirmed
by flexible bronchoscopy and three-dimensional com-
puted tomography imaging were included in the
study. The characteristics of the three subgroups are
presented in Table 1. In 4 of the 45 patients, the granu-
lation tissue from the subglottic space was sampled, but
there were no specific histopathology findings, except
inflammation.

Seven patients met the European League Against
Rheumatism (‘EULAR’) classification criteria for the
diagnosis of granulomatosis with polyangiitis. The
detailed data are presented in Table II. Anti-neutrophil
cytoplasmic antibody positivity was found in all
patients, with both cytoplasmic and perinuclear pat-
terns. Nasal involvement, pulmonary involvement
and renal involvement were reported in three, two
and two patients, respectively, but none developed
saddle nose deformity or severe renal or pulmonary
failure. Granulomatosis with polyangiitis was localised
only to the subglottis in one patient (number five). All
patients received systemic treatment according to the
schedule outlined by the rheumatologist; this included
prednisone combined with methotrexate, cyclophos-
phamide and rituximab.

Relapsing polychondritis was diagnosed in five
patients according to McAdam’s criteria (Table II).
Seronegative inflammatory arthritis was diagnosed in
four patients, bilateral auricular chondritis in two and

TABLE I
CHARACTERISTICS OF PATIENTS TREATED FOR SUBGLOTTIC STENOSIS WITH DILATATIONS AND STEROID INJECTIONS

Characteristic Autoimmune subglottic stenosis Idiopathic Traumatic/iatrogenic
subglottic subglottic stenosis
stenosis™*

GPA* Relapsing GPA + relapsin,
polychondritis polychondritis

Mean age (years) 45 29 37 41 56

Gender (n)

— Male 2 - 2 21

— Female 5 5 10 7 3

Predominant symptom (n)

— Moderate dyspnoea 4 2 6 2

— Severe dyspnoea - 2 2 5 22

— Hoarseness 3 1 4 =

— No voice - - - - -

Duration of complaints (months) 8 10 9 10 1

Tracheostomy at presentation (#) 1 2 3 3 -

Scarring from prior procedures (1) 2 2 4 3 2

Procedures needed to obtain good 4 5 43 6 3

patency or decannulation (n)
Mean interval between procedures 3 2.5 3 4 6
(months)

Decannulations () 0 0 0 1 -

Definitive improvement (#) 6 3 9 5 17

Need for open procedure (7) 0 0 0 2 7

*n="7; 'n=5; % =12; **n =9; %n = 24. GPA = granulomatosis with polyangiitis
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TABLE 11

DETAILED DATA OF PATIENTS TREATED FOR GRANULOMATOSIS WITH POLYANGIITIS AND
RELAPSING OLYCHONDRITIS

Characteristic

GPA Relapsing polychondritis

Pt no.

2 3 4 5 67 7 * 2 3 4 5

Age (years)

Gender

GPA symptoms’

— ANCA positivity

— Nasal involvement

— Pulmonary involvement

— Renal involvement .
Relapsing polychondritis symptoms'
— Seronegative inflammatory arthritis
— Bilateral auricular chondritis

— Nasal chondritis

— Ocular inflammation

Predominant subglottic stenosis symptoms
— Moderate dyspnoea

— Severe dyspnoea

— Hoarseness

— No voice

Duration of complaints (months)
Tracheostomy at presentation
Scarring from prior procedures
Procedures needed to obtain good patency or decannulation ()
Interval between procedures (months)
Decannulations

Definitive improvement

W A

+

26 31
F M M F F F F F F F F

+ 4+ +
+ +
+
+ o+ o+ 4+
++ +
+
+ + + + o+
+ o+
+ o+ + +
5 11 13 6 10 7 12 8 6 18 7
+ + o+
+ o+ + +
2 5 6 3 4 4 6 5 4 7 2
3 25 3 5 5 4 2 35 3 1.5 25
+ -+ 4+ o+ o+ o+ T

*The subglottic stenosis associated complaints were the first symptoms, and preceded those associated with spreading of the condition.
TSymbols indicate symptom severity, with <+’ being least and ‘-+++ being most severe. GPA = granulomatosis with polyangiitis; Pt
no. = patient number; F = female; M = male; ANCA = anti-neutrophil cytoplasmic antibody; + = present/yes; — = absent/none

ocular inflammation in one, while none developed
nasal chondritis. In 2 patients, hoarseness and dys-
pnoea were observed 5 and 18 months (patient
numbers 1 and 4, respectively) before typical auricular
deformation onset. All of the patients were given sys-
temic treatment based on a high dose of corticosteroids
and weekly methotrexate as soon as the final diagnosis
was made.

The subglottic stenosis and derivative symptoms,
such as hoarseness, cough and restricted upper airway
patency (ranging from mild dyspnoea to respiratory dis-
tress), were the common denominators of the whole
group. In all patients, stenosis was classified as
Cotton 3 or Cotton 4 at presentation.

Local treatment of subglottic stenosis involved the
injection of 1-1.2 ml of methylprednisolone acetate
(40 mg/ml) into the submucosa of a stenotic
segment, followed by serial dilatation with Maloney
bougies or a Fogarty catheter balloon, inflated to a pres-
sure of 4—6 atm. The follow-up time ranged from 24 to
88 months, with a median of 76 months.

Definitive improvement was defined as good airway
patency for more than 24 months, with no need for
further procedures. Clinical, demographic and proced-
ural data were recorded. The Fisher exact test,
Mann—Whitney U test, and Yates corrected chi-
square test were used to test for significance.

The main predictor variable was the aetiopathogen-
esis of the subglottic stenosis (autoimmune subglottic
stenosis vs idiopathic subglottic stenosis vs traumatic
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subglottic stenosis). Tracheostomy at presentation,
and severity and duration of complaints were additional
predictor variables. The main outcome variables were
the possibility of decannulation in tracheotomised
patients and definitive improvement of airway
patency. Age, gender, scarring from prior procedures,
number of dilatations needed to obtain good patency
and decannulation, with endoscopy as a sole procedure,
were the variables of interest.

Results

The comparison of autoimmune versus idiopathic
versus traumatic subglottic stenoses was performed in
terms of gender, predominant syndrome, need for
tracheostomy, scarring from previous procedures,
number of dilatations needed to obtain good patency
of the airway and final treatment outcomes.

Men often suffered from traumatic subglottic sten-
osis (87.5 per cent of cases), while women were more
likely to suffer from autoimmune (83.3 per cent) and
idiopathic (77.8 per cent) subglottic stenoses; this
gender-based difference was significant (Pearson chi-
square p < 0.0001).

The most common predominant symptom was
severe dyspnoea, which occurred in 64.4 per cent of
patients, of which 75.9 per cent had traumatic subglot-
tic stenosis. In patients with autoimmune subglottic
stenosis, moderate dyspnoea was the most common
symptom (50.0 per cent), followed by hoarseness and
severe dyspnoea (33.3 per cent and 16.7 per cent,
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respectively). In patients with idiopathic subglottic
stenosis, severe and moderate dyspnoea occurred in
55.6 per cent and 44.4 per cent, respectively. In patients
with traumatic subglottic stenosis, severe dyspnoea and
moderate dyspnoea occurred in 91.7 per cent and 8.3
per cent, respectively (Pearson chi-square p = 0.0001).

Only patients with autoimmune (3 out of 12) and idio-
pathic (3 out of 9) subglottic stenosis had tracheostomy
at presentation; none of the 24 traumatic subglottic sten-
osis patients had tracheostomy at presentation (Pearson
chi-square p = 0.0164). The need for tracheostomy in
the first two groups was combined with a long duration
of complaints (granulomatosis with polyangiitis patient
number 3 and relapsing polychondritis patients 4 and
5 had durations of 11, 18 and 7 months, respectively)
and subsequent worsening of dyspnoea, with no final
diagnosis or implementation of treatment.

Scarring after previous treatment was noted in 20 per
cent of patients; it was more pronounced in the auto-
immune (4 out of 12) and idiopathic (3 out of 9)
groups than in the traumatic (2 out of 24) subglottic sten-
osis group (Pearson chi-square p = 0.1122). When con-
sidering the autoimmune and idiopathic groups
together, 15.6 per cent of patients had scarring after pre-
vious treatment versus 4.4 per cent from the traumatic
group; this result is closer to significance (Yates corrected
chi-square p = 0.0858, Fisher exact test p = 0.0610).
This finding is of practical importance, as there were mul-
tiple previous attempts to obtain tissue samples in the
majority of scarring cases (six out of seven), the results
of which did not contribute anything. Scarring from
prior procedures both in granulomatosis with polyangiitis
and relapsing polychondritis cases was identical, with a
rate of 16.7 per cent. The mean number of procedures
needed to obtain good patency or decannulation in the
autoimmune subglottic stenosis patients was 4.3.
Definitive improvement was obtained in six out of
seven granulomatosis with polyangiitis patients and in
three out of five relapsing polychondritis patients.
Taking into consideration the scarring from previous pro-
cedures, improvement was made in two out of four
patients with scarring and in seven out of eight with no
scarring; this variable had a strong negative influence
on the number of requisite dilatations and on the final
outcome.

Definitive improvement in patients treated by dilata-
tions and steroid injections occurred in 68.9 per cent of
cases. In the autoimmune subglottic stenosis group,
prominent improvement was observed in all but three
of the patients with a tracheostomy (9 out of 12) in
whom decannulation was not achieved. In the idiopath-
ic and traumatic subglottic stenosis groups, improve-
ment occurred in 5 out of 9 and in 17 out of 24
cases, respectively (Pearson chi-square p = 0.6071).
The number of procedures needed to obtain the
improvement did not differ significantly, although it
was higher in the idiopathic than in the autoimmune
and traumatic subglottic stenosis groups (6, 4.3 and 3
procedures, respectively).
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An open procedure was needed in 20 per cent of all
patients. In the idiopathic and traumatic subglottic sten-
osis groups, the results were 4.4 per cent and 15.6 per
cent respectively (Pearson chi-square p = 0.1172).
Nine patients from the autoimmune group did not
need further treatment, and three tracheotomised
patients were not suited to an open procedure. In the
idiopathic group, two out of three tracheotomised
patients were decannulated, five out of nine declared
a significant improvement, two others underwent a suc-
cessful open procedure, and a further two patients with
stable dyspnoea refused open surgery.

Discussion

In the presented analysis, the comparison between sub-
glottic stenoses of different actiologies — autoimmuno-
logical, idiopathic and traumatic — was performed with
special regard to the feasibility of non-invasive treat-
ment by means of dilatation and steroid injections in
granulomatosis with polyangiitis and relapsing poly-
chondritis patients. To our knowledge, there is only
one study, by Hseu et al., which has compared the
effectiveness of dilatations in distinct subglottic sten-
osis entities.’® That study, based on 92 adults,
showed that although patients often show symptomatic
improvement after endoscopies, recurrence rates
remain high.

Subglottic stenosis is an uncommon but significant
complication of granulomatosis with polyangiitis,
which occurred more frequently in women and in
younger patients.”>'! Subglottic stenosis is rarely iso-
lated at presentation and is seldom the only manifest-
ation of granulomatosis with polyangiitis.’ Subglottic
stenosis develops slowly and insidiously, and symp-
toms, particularly in the early stages, are often confused
with those of adult onset asthma. The clinical course of
subglottic stenosis may proceed independently to sys-
temic granulomatosis with polyangiitis activity, and
does not necessarily correlate with laboratory scores as
in systemic disease.’ In patients with childhood-onset
granulomatosis with polyangiitis, 3 out of 14 who had
stenosis at presentation went on to develop secondary
stenosis while receiving immunosuppressant medication;
4 others developed laryngotracheobronchial disease even
though cyclophosphamide, azathioprine methotrexate or
mycophenolate were administered.”” Within our series,
although autoimmune subglottic stenosis was the pre-
dominating symptom, none of the patients required a
new tracheostomy or developed another stenosis.

In relapsing polychondritis, symptomatic airway
compromise is found in 25 per cent of patients at
onset, and up to 50 per cent develop it during the
course of disease.”> Dyspnoea is the first airway-
related manifestation; cough, hoarseness or stridor are
less frequent.”** Patients with airway involvement are
often diagnosed with bronchial asthma, amyloidosis
or acute laryngitis.” In our sample, there were statistical
differences in terms of symptom severity between the
subglottic stenosis aetiologies. In autoimmune
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subglottic stenosis patients, the most common
symptom was moderate dyspnoea, followed by hoarse-
ness, while in idiopathic and traumatic subglottic sten-
oses patients, the most common symptom was severe
dyspnoea. In one patient with granulomatosis with
polyangiitis, hoarseness and dyspnoea were observed
five months before renal and lung failure. Two relaps-
ing polychondritis patients were initially diagnosed
with idiopathic subglottic stenosis 5 and 18 months,
respectively, before typical auricular deformation
onset.

Subglottic stenosis management requires a multidis-
ciplinary approach, with both rheumatological and oto-
laryngological expertise involved.>>*® One of the
largest cohorts of granulomatosis with polyangiitis
patients was presented by Gluth er al.'* Out of 27
patients, 40.7 per cent underwent tracheostomy, 44.4
per cent had carbon dioxide laser resection and dilation,
48.1 per cent required multiple surgical procedures,
11.1 per cent had persistent tracheostomy, and 25.9
per cent had open laryngotracheal reconstruction fol-
lowed by successful decannulation. Other authors
have confirmed that granulomatosis with polyangiitis
patients have greater rates of tracheostomy, but they
can be decannulated after surgery at a rate that is
similar to patients with non-autoimmune stenosis,
although there is an increased need for dilations after
open airway reconstruction.”'**’*% According to the
literature, this group can be successfully managed
with minimally invasive surgery, and only those who
do not respond to endoscopic procedures should be
treated by disease-tailored open procedures.”’

In the presented sample, treated only by dilatations
and steroid injections, definitive improvement was
achieved in 68.9 per cent of patients, with no differ-
ences between the autoimmune, idiopathic and traumat-
ic subglottic stenosis groups (75 per cent, 56 per cent and
71 per cent, respectively). However, it is clear that gran-
ulomatosis with polyangiitis and relapsing polychondri-
tis patients gained the greatest benefit. In autoimmune
subglottic stenosis cases, prominent improvement was
observed in patients diagnosed early, without the earlier
need for urgent tracheostomy. In idiopathic subglottic
stenosis cases, we were able to decannulate one out of
three patients, and open surgery was feasible in the
remaining two. Tracheostomy at presentation was more
frequent in the autoimmune and idiopathic subglottic
stenosis groups than in the traumatic subglottic stenosis
group, probably because of the much longer duration,
discreet complaints and the unclear cause of dyspnoea,
and the further rapid disease course of autoimmune sten-
osis. In traumatic subglottic stenosis cases, the clear cause
of dyspnoea, rapid disease course and well-defined treat-
ment recommendations allowed timely dilatations to be
undertaken.

Endoscopic surgery is safe and post-operative com-
plications are rare.*° However, the best results with
dilatation and steroid injections were achieved when
these endoscopic techniques had been performed
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prior to other forms of surgery, which may produce
extensive scar formation.'” Within our series, scarring
after previous treatment was observed in 20 per cent
of patients; it was more pronounced in the autoimmune
and idiopathic groups than in the traumatic subglottic
stenosis group. We believe that sampling of smooth
mucosa does not provide reliable information, but esca-
lates the risks of bleeding, scarring and producing syne-
chiae; thus biopsy should only be performed when
granulation tissue is present. In the relapsing polychon-
dritis group, the results for endoscopic treatment were
significantly improved by the immediate administration
of intravenous methylprednisolone after stenting.
Others have confirmed that early medical intervention
can prevent and delay the irreversible destruction of
cartilage.’

e Subglottic stenosis management is complex;
no standardised therapeutic protocol has been
established for relapsing polychondritis and
granulomatosis with polyangiitis

e Subglottic stenosis should be considered in
granulomatosis with polyangiitis or relapsing
polychondritis patients presenting with
dyspnoea

o Treatment should initially be conservative;
the strategy depends on the degree of
inflammatory activity and airway narrowing

e Dilatation is adequate and effective as a
minimally invasive treatment for subglottic
stenosis of unclear origin or in systemic
diseases

o Granulomatosis with polyangiitis and
relapsing polychondritis patients have better
improvement rates than patients with
traumatic or idiopathic subglottic stenoses

Our study has numerous potential limitations. These
include the small number of patients from the single
centre, and the different clinical entities, with subglottic
stenosis as the only common denominator. This design
allows a comparison of treatment efficacy between the
most common and carefully studied traumatic subglot-
tic stenosis and the rare and still uncharted autoimmune
subglottic stenosis. However, assessment of the single
treatment modality was performed in a very heteroge-
neous sample. Another limitation concerns the sched-
ule of endoscopic procedures and medication.
Although the dilatations were planned in advance at
regular intervals, and all of the patients with granulo-
matosis with polyangiitis and relapsing polychondritis
were administered immunosuppressant medication,
there were derogations from the pattern observed for
individual patients as mean intervals between proce-
dures differed. For unclear reasons, in some patients,
the dyspnoea intensified and they required more fre-
quent treatments. This inconsistent number and
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frequency of procedures hinders the rating and object-
ivity in the final assessment of the value of dilatation
with steroid injection in granulomatosis with polyangii-
tis and relapsing polychondritis patients.

Conclusion

Every subglottic stenosis of unclear origin, especially if
isolated, should give rise to suspicion, and requires
diagnostics toward granulomatosis with polyangiitis
and relapsing polychondritis. Proper and rapid diagno-
sis will allow for timely treatment, which is crucial to
maintain airway patency. Non-invasive treatment and
minimised airway manipulation during episodes of sys-
temic disease activity is important. The sampling of
smooth mucosa is less informative and potentially
risky because of granulation and scar formation.
Based on the presented experience, granulomatosis
with polyangiitis and relapsing polychondritis patients
gained the greatest benefits from dilatations. Even if
there is a need to repeat procedures, these are not bur-
dened with complications, and do not provoke scarring
in the subglottic region or adverse long-term sequelae.
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