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AND TRACHEAL STENOSIS,

»
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The management of laryngeal and tracheal sienosis continues t0 challenge us, despite advances in surgical techniques and better

understanding of the wound healing process.
Mitomycin—C ;5 an antineoplastic antibiotic that
cell division,
varft treatment in

shown improvement of their airway and resolution of their preoperative symptoms. Aftera mearr follow-up
cation was noied with regard to the application of mitomycin-C. This study

Injury to the airway mucosa is the inciting event; regardless of the cause of the stenosis.
acts as an alkylating agent
protein synthesis, and fibroblast proliferation. Topical application of mitomycin-C (0.4 mg/mL) was used as an adju-
the endoscopic laser management of laryngeal and tracheal stenasis in 15 patients. Fourtcen patients (93%) have

by inhibiting DNA and protein synthesis. It can inhibit

of 18 months, no compli-
gives promising findings on the efficacy and safety of

mitomycin-C as an adjuvant treatment in the management of selected cases of laryngeal and tracheal stenosis.

KEY WORDS — endoscopic surgery,

INTRODUCTION

Treatment of laryngeal and tracheal stenosis re-
mains one of the most difficult and perplexing prob-.
lemns in the area of head and neck surgery. Scar for-
mation and rstenosis remains the main cause of fail-
ure in the surgical management of airway sténosis.
Modulaticr: of the wound healing process to prevent
excessive scar formation can play a major role in

v improving the success rate and decreasing the need
for further surgery. ) '

Mitomycin-C is an antiproliferative agent that can
inhihit fi-~tlast proliferation and activity. Ithas been
ber of opithalmologic procedures o decrease Scar
formation and ri:stenosis.

SUCCCSSfUL‘V used as an aajuvam treagmem 1M1 & g~

Amulticenter prospective clinical trial was under-
taken in zp effort to evaluate the efficacy and safety
of the topical application of mitomycin-C in the pre-
vention and treatment of airway stenosis. Mitomy-
cin-C was used as an adjuvant treatment in the endo-
scopic laser management of laryngeal or tracheal ste-'
nosis in 15 patients. The preliminary results of some
of these patients have been reported.!

i

1>/IATERIALS AND METHODS

Fifteen patients underwent endoscopic laser man-
agement of laryngeal or tracheal stenosis and the topi-
ication of mitomycin-C at New England Med-

on, MA 02115.

.

laryngeal stenosis, laser

surgery, mitomycin-C, subglottic stenosis, tracheal stenosis.

ical Center and The Children’s Hospital, Boston, be-

tween January 1998 and December 1999. There were

8 male patients and 7 female patients. The patients’
~ages ranged from 2 to 78 years (mean, 32 years).
The patients presented with preoperative symptofns"
of dyspnea interfering with routine daily activity,.
poor voice quality and vocal fatigue, and/or the in-

ability to cap their tracheotomny tube. Included were

3 cases of glottic stenosis, 10 cases of subglottic ste-

nosis, and 2 cases of tracheal stenosis (see Table). .

Glottic Stenosis. One patient (No. 1) presented

- with a congenital anterior glottic web. Two patients

Department of Otolaryngology and Communication Disorders, The Children’s Hospital (Rahbar,
gology, Harvard Medical School (Rahbar, Healy), the Department of Otolaryngology-Head and Neck Surgery,
Chapshay), and Tufts University School of Medicine (Shapshay), Boston,
at the meeting of the American Laryngological Asspcgation, Orlando, Florida, May
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stenosis and arytencid fixation: 1 patient had under-
gone a tracheotomy and laryngofissure for repair of
a blunt laryngeal trauma, and the other had under-
gone a tracheotomy and partial arytenoidectomy for
bilateral vocal cord paralysis caused by a brain stem
infarct. Only patient 3 was tracheotomy-dependent
at the time of eur evaluation, with an inability to cap

the tracheotomy tube and poor voice quality.

Subglottic Stenosis. Three patients (Nos. 5,11, and
13) presented with subglottic stenosis due to pro-
Jonged intubation because of cardiac surgery, pneu-
monia, and thalamic infarct, respectively. One pa-
tient (No. 4) presém’ed with restenosis after a laryn-
gotracheal reconstruction for a congenital subglottic
stenosis (grade IV). No cause could be identified in

Healy), the Department of Otology
New England Medical
Massachusetts.

13-4, 2000.

logy and Communication Disorders, The Children’s Hospital, 300 Longwood
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PATIENT DATA _ ~
Location Tracheo- Initial ~ Thick-  Current
Pt Age of tomy- No. of Airway  ness  Airway Initial Current Follow-up
No. Sex (v)  Stenosis Etiology Dependent Procedures Stenosis (mm) Stenosis  Sympioms Sra.zus (mo)
1, F 5 Glottic Congenital ~ No 2 60% 4, 20% B F 12
web ‘ :
2 M 14 Glottic Laryngeal No 1 4-mm 7-mm A, B F 23
. trauma opening ,  opening . .
3- M 78 Glottic Bilateral Yes - 3 2-mm © 5-mm B.C I\)E 25
vocal opening opening
. cord ) ,
paralysis
4 M 14 Subglottic* Congenital  Yes 1 80% 4 20% B.C D.E 6
5 M 17 Subglottic PBrolonged No 1 80% 5 30%- A'B £ 13
[ intubation )
6 F 33 Subglottic* Idiopathic No 1 80% 15 20% A, B F 25
. subglqttic .
stenosis
7 F 38 Subglottic Idiopathic No 1 50% 12 20% A,B F 27
subglottic '
stenosis
2 F 40 Subglottic* [diopathic No i 80% 4 20% A B F 15
PRI R P
. stenosis .
9 F 42 Subglottic* ‘Idiopathic No 1 50% 7 10% AB " F i5
subglottic .
stenosis . . +
10 F 45 Subglotiic* Idiopathic No 2 70% 10 10% A, B F 20
subglottic
stenosis
11 M 48 Subglottic Prolonged' Yes 2 95% 4 40% A.B.C D.E , 19
: intubation + .
12 M 53 Subglottic *Wegener’s | No 1 50% 5 10% A . ' F P
granuloma- .
tosis
13 M 56 Subglottic Prolonged No 2 70% 5 30% A B F 29
intubation
14 M 2 Tracheal Prolonged No 1 70% 5 60% Prolonged Tracheot- 15
intubation intubation omy *
15 F 5 Tracheal Congenital ~ No 2 70% 3 10% A, B F 13
stenosis

A — dyspnea on routine daily activity; B — poor voice quality and vocal fatigue; C — inability to cap tracheotomy tube; D — improved voice
quality; E — ability to cap tracheotomy tube during day; F — resolution of preoperative symptoms.

*Circumferential scarring.

5 cases (patients 6 through 10), which were classi-
fied as idiopathic subglottic stenosis. Wegener’s gran-
ulomatosis was the cause of subglottic stenosis in 1
patient (No. 12). Only 2 patients from this group
(Nos. 4 and 11) were tracheotomy-dependent, with
an inability to cap the tracheotomy tube and poor
voice quality.

Tracheal Stenosis. One patient (No. 14), with a
history of trisomy 21, presented with tracheal steno-
sis after prolonged intubation because of cardiac and
pulmonary status. A second patient (No. 15) pre-
sented with tracheal stenosis after laryngotracheal

feconstruction for a congenital subglottic and tracheal
stenosis.

All patients underwent endoscopic examination
and treatment under inhalational general anesthesia
provided via a trzicheogomy tube, when present, or
intravenous anesthesia and Venturi jet ventilation.
The airway size and length of stenosis were mea-
sured with an open tube ventilating bronchoscope or
an endotracheal tube through a laryngoscope. Surgi-
cal exposure was obtained by placing the tip of a
"laryngoscope. (Dedo, Healy-Jako, or anterior com-
missure scope) through the vocal cords for subgint-
tic and tracheal sténosis. The laryngoscope was s:s-
pended from a Boston University suspension appa-
ratus, and an operating microscope was used at 16x
magnification for all cases. The CO2 laser at a pow-
er setting of 4 to 6 W (time, 0.1 to 0.3 second), in &
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Fig 1. Subglottic stenosis. A) Preoperative. B) Radial laser incision. C) Postoperative.

superpulsed mode (0.25- to 0.3-mm spot size) was
used to make radial incisions through the subglottic
or‘tracheal stenosis (Fig 1). Ventilating open tube
bronchoscopes were then used for dilation of the ste-
notic segment. The radial incisions in subglottic or
tracheal stenotic areas served to guide the dilating
forces in & controlled manner to preserve viable epi-
thelium within the incision.? A similar laser setting
was used for excision of glottic stenosis (Fig 2).
Thereafter, a 10-mm cottonoid sponge was soaked

with mitomycin-C 0.4 mg/mL and topicglly applied”

to the surgical site for 4 minutes. Then the area was
irrigated with 20.t0 30 mL of normal saline solution.
All patients were observed for a minimum of 24 hours
after the procedure. Success was defined as an im-
provement in the size of the airway and elimination
of the preoperative symptoms. ’

RESULTS

» . o - _—

Aoiorn. (DD prOCiCuril wEE pELENEL WL a D pur
tients (a+=rage, 1.5 procedures): 9 patients had 1 pro-
cedure each, 5 patients had 2 procedures each, and 1
patient had 3 procedures. The follow-up ranged from
6 to 29 months, with an average of 18 months. Open
tube bronchoscopes and/or endotracheal tubes were

t

used for the measurement of the postoperative length
and degree of stenosis under general anesthesia, or
the measuréments were made with fiberoptic laryn-
goscopy and still photographs taken by means of a
70° rigid telescope under topical anesthesia. Four-

teen patients (93%) showed an improvement in the -

degree of airway stenosis and resolution of their pre-
operative symptoms (see Table). The postoperative
length of the subglottic or tracheal stenosis could only
be measured in patients who underwent general an-

esthesia because of the need for further surgery. There,
* “was no significant improvement noted in the length

of the stenosis. .

Glottic Stenosis. A total of 6 procedures were per-
formed in 3 patients. Before operation, I patient dem-
onstrated a 60% stenosis, and 2 patients had posteri-
or airway openings of 4 and 2 mm, respectively, com-
pared to a postoperative stenosis of 20% and airway

- openings of 7 and 5 mm, respectively. Two patients

RULEGLI Y s LEZuil vl wiTar I
operative symptoms. One patient was tracheotomy-
dependent, was unable to cap the tracheotomy tube,
and had poor voice quality. Currently, the tracheot-
omy tube is capped during the day without dyspnea

on exertion, and the patient has good voice quality.

L Ll paEEy aly i
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The patient has not been decannulated because of
his general medical condition following a brain stem
infarct.

Subglottic Stenosis. Atotal of 13 procedures were
performed in 10 patients. The preoperative stengsis
ranged from 50% to 95% (mean, 71%), and the post-
operative stenosis Ianged from 10% to 40% (mean,

' 21%). The length of the'stenosis ranged from 4 to 15

mm (average, 7 mm). Three patients had a length of

stenosis equal to or greater than 1 cm. Before opera-'

tion, 9 patients had moderate dyspnea with routine
daily activity; currently, they are all free of symp-
toms. Two patients were tracheotomy-dependent be-
fore the procedure, with an inability to cap the tra-
cheotomy tube and poor voice quality. Currently, both
patients tolerate capping the tracheotomy tubes dur-
ing the day and have improved voice quality. One pa-
tient (No. 11) has not been decannulated because of
his general medical condition{diabetes and recurrent
pneumonia); the second patient (No. 4 is scheduied
(0r UECAI AR 1 L5 58 Luluit.

Tracheal Stenosis: A total of 3 procedures were
performed in 2 patients. The preoperative degree of
stenosis was 70% in both patients; the stenoses were
3 and 5 mm long, respectively. One patient (No. 15)
is asymptomatic with 10% airway obstruction. The
second patient (No. 14), whose history is significant
for trisomy 21, tetralogy of Fallot, and pulmonary
arteriovenous malformation, presented with resteno-
sis and underwent tracheotomy because of worsen-
ing of his pulmonary and cardiac status.

DISCUSSION

The management of laryngeal and tracheal steno-
sis remains difficult, requiring accurate diagnosis and
a proper treatment plan. The goal of any treatment is
the restoration of an adequate airway, the provision
of a competent larynx for protection against aspira-
tion, and the achievement of a satisfactory voice. The
first decision is whether an open surgical technigue
is necessary, or whether an endoscopic approach is
adequate. Factors such as 1) age, 2) general medical
condition, 3) cause, location, degree, length, and con-
sistency of stenosis, and 4) previous treatment should
be considered. There is still controversy with regard
to the optimum approach in the treatment of laryn-
geal and tracheal stenosis.

. Endoscopic management of laryngeal and tracheal
lesions has undergone tremendous advancement in

" the past 2 decades. The development of microlaryn-

goscopy and adaptation of the binocular operating
microscope, the introduction of endolaryngeal CO2
laser surgery, the coupling of an endoscopic adapter
to a ventilating bronchoscope, and the development

¢ * .

of th& microspot manipulator allow microprecisica
and hemostatic ability, which were lacking with the
standard instrumentation of conventional endoscopic
techniques.3® .

Multiple endoscopic techniques have been de-
scribed: microcauterization, dilation with local and
systemic steroids, and cryosurgery have all had sorme
stuccess.”8 Strong and Jako® first published their ex-
perience with endoscopic CO2 laser management of
laryngeal stenosis in 1972. The CO2 laser appears to
be the most effective means for treating mild to mod-
erate stenosis of the larynx and frachea endoscopi-
cally.>12

With the advancements in enddscopic surgical
technique and a better understanding of the wound
healing process, and even with the introduction of
mucosa-preserving laser surgery such as the micro-
trapdoor flap technique (Dedo and Sooy“) and ra-
dial incision and dilation (Shaoshav et al?), fhere S
sttt o hwoh dearea of grar \"r)rmnhf\n and rm‘t@nnv ~.
Areview of the literature reveals a wide range of suc-
cess for endoscopic management of laryngeal and tra-
cheal stenosis: Strong et al, 4 50% success; Andrews
and Horowitz, 15 66% success; Simpson ef al, 16 44%
success; Carruth,!7 50% success; Shapshay and Simp-
son, 40% success; and Ossoff et al,!® 57% success.
Although there are fundamental dlfferences between
these studies (definition of success; location, sever-
ity, and type of stenosis; length of follow-up), resis-
nosis and scar formation remains the primary cause
of failure.

Regardless of the surgical techniques, there is fur-
ther injury to the airway mucosa that leads to fibro-
blast proliferation and collagen formation, which are
the key to scar formation. Modulation of the wourd
healing response to prevent excessive scar forma-
tign ean play a major role in increasing the success
of surgical treatment and reducing the need for fur-

* ther surgery. In the past decade, the role of growth

factors and fibrogenic peptides in the regulation and
modulation of wound healing leading to fibrosis and
scar formation has been reported.1?-?! Pharmacologi-
cal agents such as 5-Fluorouracil and B-aminopropi-
onitrile (BAPN) haye been shown to inhibit the de-
velopment of collagen cross-linking, thus minim:z-
ing scar formation.?2.23

Kunitomo and Mori24 preSented the first clinical

use of mitomycin-C in the prevention and treatme! 1t .

of scar formation in pterygmm surgery. Later, Chen.”

Palmer,?® and Bergstrom et al?? reported its use for_

prevention of restenosis in glaucoma surgery.

Mitom¥cin-C is an antibiotic produced by Strepro-

myces caespitosus. It is referred to as mitomycin-C

i
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1o differez:
poth antizzcplastic and antiproliferative properties.
[ts antineclastic activity is similar to that of the alky-
{ating agenis, causing cross-linking of DNA and in-
hibiting 1A and protein synthesis. Mitomycin-C

1

also acts 22 an antiproliferative agent that can inhibit

fibroblas: activity and suppress fibrosis and scar for- -

mation.

The exact mechanism by which mitomycin-C ex-
erts an aniifibroblast activity is unknown. There is
evidence o suggest that the reduction of fibroblast
activity may be mediated by apoptosis, which is a
gene-direcied process causing cell death. Apoptotic
cells display a characteristic morphology that in-
cludes condensation of the nucleus and cytoplasm,
nuclear fragmentation, and cytoplasmic blebbing with
an intact cell membrane.?8 Lee et al?® showed that
mitomycin has antifibroblastic properties in vivo.
Khaw et 2130 showed that in vitro, a single applica-
tion of mitomycin could inhibit fibroblast prolifera-
tion. Mitomycin has been successfully used for pre-
vention 5f stenosis in glaucoma surgery, dacryocys-
torhinostomy, optic nerve sheath fenestration, and
pterygiu recurrence.3!-33 The fibroblast population
and coliagen formation are substantially increased
during the wound healing response that follows a mu-
cosal insult such as a surgical procedure. The ratio-

_ nale of ihe use of mitomycin-Cis to inhibit fibroblast

proliferation during the postoperative phase without
damaging the mucosal and epithelial growth.36

Histcrically, endoscopic management of patients
With Co: . urfiferentia: SCAITIng, a vEruCa 3Car grealet
than 1 =im, posterior scarring with aryténoid fixation,
and loss of cartilaginous support had a high failure
rate.'6 /e have presented 15 patients with laryngeal
and tracheal stenosis. A group of these patients have
characizristics of airway stenosis that falls into the
category of high failure rate based on historical ex-
perienee: 5 patients with circumferential stenosis of

thé subglottic area; 2 patients with posterior glottic, ¢

stenosis and arytenoid fixation; and 3 patients with
length of subglottic stenosis greater or equal to 1cm.
The endoscopic management of airway stenosis has

.
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iate it from mitomycins A and B. It has
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A

produced a success rate of 40% to 68%, as reported
by experienced investigators, with most results be-
ing closer to 50%. We have defined success as clini-
cal improvement,of the degree of stenosis and the

_resolution of preoperative symptoms. We have shown

improvement of the size of the airway and resolu-
tion of preoperative symptoms in 14 patients (93%
success rate), without any complications, with a mean
follow-up of 18 months. Three of our patients were
trachectomy-dependent at the time of our evaluation.
They have shown improvement of their airway, al-
lowing capping of their tracheotomy tube during the
day, and improvement of their voice quality. Two of
these patients have not been decannulated because
of their general medical condition, and 1 is sched-
uled for decannulation’in the near future.

Our results demonstrate that the topical applica-
tion of mitomycin-C can be beneficial in the modu-
lation of wound healing and in decreasing scar for-
mation in the treatment of airway stenosis. Our study
is the first to describe the use of mitomycin-C as an
adjuvant treatment in the endoscopic management

of laryngeal and tracheal stenosis in both pediatric

and adult populations. Further research and random-
ized prospective clinical trials are needed to deter-
mine the most effective concentration and time of
exposure of mitomycin-C, and the difference in effi-
cacy and safety between single and multiple applica-
tions. '

»

CONCLUSION

LiCauning Ul s g Thi dite oaivatis :
mains a therapeutic challenge. Different surgicaltech-
niques have been proposed, and no single approach
has proven satisfactory for all cases. With the ad-
vances in the surgical techniques and the recogni-
tion of the importanee of mucosal preservation, the
potential for endoscopic surgical techniques has ex-
panded. Restenpsis and scar formation remains the
main cause of failure in these cases. This study re-
veals promising results in terms of the efficacy and
safety of mitomycin-C as an adjuvant method for the
‘management of laryngeal and tracheal stenosis.
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