
468

OBJECTIVE: Mitomycin C (MMC) is an antineoplas-
tic agent that has been shown to decrease scar  tis-
sue after ophthalmologic surgery. Our goal was to
determine whether the application of MMC at the
conclusion of sinus surgery decreases the inci-
dence of postoperative adhesion formation.
METHODS: At the completion of endoscopic sinus
surgery in 55 patients, a cotton pledget saturated
with 1 mL of 0.4 mg/mL MMC was placed for 4 min-
utes in the right or left middle meatus and a similar
saline-soaked pledget was placed on the opposite
side. Patients were examined postoperatively by a
masked observer for the presence of synechiae
and mucosal changes.
RESULTS: Postoperative adhesions were observed in
16 patients (29%) with a mean follow-up of 4.1
months. These adhesions were bilateral in 6 patients
(10.9%) and unilateral in 10 patients (18%).
Unilateral adhesions were observed on only 2 sides
(3.6%) treated with MMC and 8 controls (14.5%) 
(P = 0.058). No adverse effects were observed.
CONCLUSIONS: MMC was found to be safe to use during
sinus surgery, and it may reduce the incidence of post-
operative adhesions at the dosage used in this study.
SIGNIFICANCE: Because of the observed trend
toward decreased synechiae formation with MMC

application, further trials using higher concentra-
tions and application times are warranted.
(Otolaryngol Head Neck Surg 2002;126:468-74.)

Despite the established efficacy of endoscopic
sinus surgery for the treatment of chronic rhinosi-
nusitis, recurrent symptoms develop in 7.6% to
38% of patients, necessitating revision surgery.1,2

Recurrent mucosal disease and anatomic obstruc-
tion are 2 commonly cited causes of failed endo-
scopic sinus surgery.3 Among the anatomic causes,
ostial stenosis and adhesion formation appear to be
most frequent.3,4 Ramadan3 noted that 56% of
patients undergoing revision endoscopic sinus
surgery had adhesions, 27% had maxillary sinus
ostium stenosis, and 25% had frontal sinus ostium
stenosis. Furthermore, in a review of 182 patients
who underwent endoscopic sinus surgery, scarring
of the maxillary antrostomy and ethmoid region
was the only endoscopic finding found to corre-
spond to poor symptoms outcome.4

Mitomycin C (MMC) is a topical agent that has
demonstrated clinical efficacy in the reduction of
clinical scar formation.5 Initially isolated from the
Streptomyces caespitosus strain of actinomyces for
its antibacterial properties, MMC was used as a
chemotherapeutic agent because of its ability to
cross-link DNA and inhibit cellular mitosis.
Studies of MMC on cultured fibroblasts have
demonstrated an antiproliferative effect at concen-
trations of 0.04 mg/mL and cytocidal effects at
higher concentrations.6,7 A single 5-minute topical
application has a measurable effect on cell prolif-
eration and cellular morphology for up to 36
hours.6 Recently, Hu et al7 examined the effect of
MMC on cultured human nasal mucosa and found
that brief exposure to MMC inhibits fibroblast pro-
liferation and increases fibroblast apoptosis. 

MMC has been used extensively to reduce scar
formation associated with ophthalmologic surgery.
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Topical MMC has reduced the recurrence rate after
ptyergium surgery from 89% to 2.3%.8 It is com-
monly applied during glaucoma surgery, where its
use has resulted in a greater than 90% patency rate
for the trabeculectomy drainage site.9 The success
of MMC at reducing scar formation during these
procedures has been attributed to its ability to 
suppress fibrosis and vascular ingrowth.5

Ophthalmologists have also reported the use of
MMC during strabismus surgery,10 optic nerve
decompression,11 and dacryocystorhinostomy.5 

Recent studies have also examined the efficacy
of topical MMC for otolaryngologic procedures.
Topical application of MMC inhibited laryngotra-
cheal stenosis in the canine model12,13 and may be
useful in the prevention and treatment of similar
stenosis in patients.14 Other studies have shown
that topical MMC use prolonged the patency of
laser myringotomies in chicks15 and rats16 and
maxillary antrostomies in rabbits.17 In a study on
the effect of MMC on sinus mucosa, Ingrams et al17

found that a 5-minute application of 0.4 mg/mL to
rabbit maxillary antrostomies delayed their closure
from 1 to 4 weeks. At higher concentrations of 1.0

mg/mL, ciliary appearance and function returned to
normal within 2 weeks and mucosal surfaces were
able to reepithelialize normally. 

The purpose of this study was to examine the
clinical effects of MMC applied to sinonasal
mucosa at the conclusion of sinus surgery and to
determine whether such an application alters the
incidence of postoperative adhesion formation. 

PATIENTS AND METHODS
The study population consisted of 55 patients

(28 women and 27 men) ranging in age from 21
to 75 years (mean 44.5 years) who underwent
endoscopic sinus surgery for chronic rhinosi-
nusitis (Table 1). The extent of sinus disease was
determined with a previously described sinus
computed tomography (CT) staging system.18 A
total of 415 separate sinus procedures were per-
formed (Table 2). All surgeries were performed
under general anesthesia by the senior author
(R.M.) at the Massachusetts Eye and Ear
Infirmary during a 1-year period (March 1, 2000,
through February 28, 2001). Thirty-one patients
had undergone prior endoscopic sinus surgery. 

Table 1. Incidence of adhesion formation and characteristics in 55 patients who underwent endoscopic
sinus surgery

Variable Patients (n [%]) Adhesions (n) No adhesions(n) P value

Female 28 (51) 11 17 0.14
Asthma 19 (34.5) 6 13 0.99
Allergy 23 (41.8) 7 16 0.99
Aspirin triad 3 (5.5) 0 3 0.54
Smoking 5 (9.1) 2 3 0.64
Polyps 31 (56.4) 10 21 0.99
Prior surgery 29 (52.7) 8 21 0.76

Table 2. Operative procedures performed and the occurrence of adhesions in 55 patients

Procedure Adhesions (No. of sides) No Adhesions (No. of sides) Total P value

Maxillary antrostomy 21 73 94 0.34
Ethmoidectomy 22 80 102 0.99
Sphenoidotomy 15 57 72 0.81
Frontal sinusotomy 15 64 79 0.30
Septoplasty* 7 24 31 0.10
Middle turbinate reduction 9 28 37 0.33
Total 89 326 415

*The side of septoplasty is listed as the side on which the mucosal incision was made.
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At the start of surgery, the nasal cavities were
sprayed with a topical decongestant (0.05%
oxymetazoline hydrochloride) and packed with
neurosurgical cottonoid soaked in 4 mL of 4%
cocaine solution. Submucosal injections of 1%
lidocaine with 1:100,000 epinephrine were admin-
istered to the surgical site. The amount and loca-
tion of sinus disease present determined the extent
of sinus surgery performed for each patient. When
septal deformity or spur limited access to the
osteomeatal complex, an endoscopic septoplasty
was performed. 

At the completion of the procedure, a neuro-
surgical cottonoid saturated with 1 mL of MMC
in a concentration of 0.4 mg/mL was placed in

either the right or left middle meatus (Fig 1)
according to a randomized schedule. After a peri-
od of 4 minutes, the cottonoid was removed and
the nasal cavity was irrigated with 60 mL of ster-
ile normal saline. Each patient served as his or
her own control with a similar saline-soaked cot-
tonoid placed on the corresponding opposite side
for 4 minutes. 

At the conclusion of the procedure, the nasal
cavities were packed with a finger cot made from
the finger of a surgical glove filled with gauze and
coated with bacitracin ointment. This packing was
removed the morning after surgery. All patients
were discharged with a 10-day course of anti-
staphylococcal antibiotic and instructions for

Table 3. Location of postoperative adhesions in 55 patients treated with mitomycin C at the conclusion of
sinus surgery

Side of adhesion

Location of adhesions Patients (n [%]) MMC-treated side (n [%]) Control side (n [%]) P value

Unilateral 10 (18) 2 (3.6) 8 (14.5) 0.058
Bilateral 6 (11)
None 39 (71)
Total 55 (100)

Table 4. Cross-sectional analysis of mitomycin C application on sinonasal mucosal appearance

Mean*

Parameter 1 wk 2 wk 1 mo 2 mo

Mucosal hypertrophy –0.36 ± 0.79 0.10 ± 0.88 –0.18 ± 0.98 –1.0 ± 1.41
(P = 0.043) (P=0.726) (P = 0.553) (P = 0.500)

Polypoid changes –0.50 ± 0.79 –0.18 ±1.08 0 ± 1.35 –0.025 ± 0.5
(P = 0.0152) (P = 0.588) (P = 1.0) (P = 0.391)

The mean (*) differences between treatment side and control side were calculated as treatment minus control; therefore, a negative value indicates better outcome in
the treatment side. P values were calculated using the Student’s t test.

Table 5. Side of 22 adhesions observed after endoscopic sinus surgery

Presence of adhesions (n)

Side Mitomycin C Control Total P value

Right 4 7 11 0.083
Left 4 7 11 0.257
Total 8 14 22 0.058
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twice-a-day nasal irrigations with warm saline
using a bulb syringe. No oral or topical nasal
steroids were administered. 

Patients were examined at 1 week and at least 1
month after surgery by one of the authors (J.C. or
M.C.), who were blinded to the side of MMC
application and served as a masked observer.
Additional examinations occurred at 2 weeks, 2
months, and/or 6 months after surgery depending
on the need to clean debris and the extent of the
patient’s disease. In each case, the nasal cavities
were examined with an endoscope after the appli-
cation of 0.5% lidocaine hydrochloride and 0.5%
phenylephrine hydrochloride spray. Both sides of
the nasal cavity were examined for synechiae and
graded for the presence of mucosal hypertrophy
and polypoid changes on a scale of 0 to 3 (0, none;
1, minimal; 2, moderate; 3, severe). 

Statistical analysis was performed using the
Student’s t test and McNemar’s test. All patients
gave informed consent according to a protocol
approved by the Human Studies Committee of the
Massachusetts Eye and Ear Infirmary.

RESULTS
A total of 22 adhesions were identified in 16 of

55 operated patients, for an occurrence rate of
29%. All adhesions occurred within 2 months of
surgery. Ten patients had unilateral adhesions and
6 patients had bilateral adhesions (Table 3). Of the
10 unilateral adhesions, 2 developed on the MMC-
treated side and 8 developed on the control side 
(P = 0.058). One week after surgery, a decrease in
mucosal hypertrophy (P = 0.0152) and polypoid
mucosal changes (P = 0.043) was observed on the
MMC-treated side (Table 4). However, these dif-
ferences did not maintain their statistical signifi-
cance at subsequent postoperative visits.

All adhesions were noted to occur within 2
months of surgery. Five (23%) of 22 adhesions were
extensive enough to be rated as “severe.” Three of
these adhesions occurred on the control side, and 2
occurred bilaterally in the same patient. The latter
patient was the only one of the 5 to develop recur-
rent symptoms of rhinosinusitis that required antibi-
otic therapy. Four adhesions (18%) were rated as
“moderate,” and 13 (59%) were rated as “mild.”

Recurrent symptoms of rhinosinusitis requiring
antibiotic therapy occurred in 5 (31%) of 16
patients who developed postoperative adhesions
and 12 (31%) of the 39 patients who had no adhe-
sions. No patients have required further sinus
surgery, with a mean follow-up of 4.1 months
(range 1 to 15.4 months). Neither the occurrence
of adhesions nor the incidence of recurrent sinus
infections was found to correlate with the extent of
disease determined by preoperative CT stage:
stage I, 3 patients; stage II, 12 patients; stage III,
18 patients; and stage IV, 22 patients. 

Patient comorbidities, including asthma, envi-
ronmental allergy, and smoking, were not found to
be independent predictors of postoperative adhe-
sion formation (Table 1). The presence of adhe-
sions also did not correlate with patient gender, the
presence of nasal polyps, or a history of previous
sinus surgery. Adhesions occurred with equal
prevalence on the right and left side (Table 5) and
were not related to the surgical procedure per-
formed on each side (Table 2).

No systemic or local adverse effects from topi-
cal intranasal MMC application were observed.
Four patients (7.3%) developed postoperative epis-

Fig 1. Intraoperative view of mitomycin C application. A
neurosurgical cottonoid (C) saturated with mitomycin C
is placed in the middle meatus (S, septum; L, lateral
nasal wall; M, middle turbinate).



Otolaryngology–
Head and Neck Surgery

472 CHUNG et al May 2002

taxis within 1 week of surgery. In 2 patients, bleed-
ing occurred on the side of MMC application. The
precise site of bleeding was not observed, and the
epistaxis was controlled with anterior nasal pack-
ing. The 2 additional patients developed bleeding
from the control side. The site of bleeding was
thought to be the remnant of a resected middle
turbinate. In both cases, the bleeding did not
respond to nasal packing and required endoscopic
control in the operating room. 

DISCUSSION
When injured mucosal surfaces are in close

proximity at the completion of sinonasal surgery,
regenerating epithelium and fibrous tissue may
grow between these surfaces to create an adhesion.
If the adhesion is of sufficient size and proper loca-
tion, it can lead to reobstruction of an adjacent
sinus ostium and recurrent sinus infection.
Attempts to limit such adhesion formation with
anatomic barriers have been met with limited suc-
cess.19 Because of the known antifibroblastic
properties of MMC, a study was designed to mea-
sure the effects of this agent on adhesion formation
associated with sinus surgery. 

The results of this study suggest that topical
application of MMC to the middle meatus region
at the conclusion of sinus surgery may decrease
the incidence of postoperative adhesions. Among
the 16 patients who developed adhesions, only 2
patients developed them solely on the MMC-treat-
ed site. Any difference in synechiae formation
between the MMC-treated and control sides is
likely attributable to the MMC application,
because each patient served as his or her own con-
trol. The side of MMC application was random-
ized, and the operative procedures performed on
each side were statistically comparable. Further-
more, the postoperative results were assessed by a
clinician who was blinded as to the side of MMC
application.

The sides treated with MMC had significantly
less mucosal hypertrophy and polypoid changes at 1
week than did the control sides. The clinical signif-
icance of these findings is not known; however, they
may reflect the ability of MMC to affect wound
healing by inhibiting fibroblasts that play an active
role in the early stages of inflammation. In any
event, these mucosal changes were not observed at
subsequent postoperative examinations. 

Fig 2. Endoscopic view of the control, right side (A) and the mitomycin C–treated, left side (B) 2 months after
sinus surgery. An adhesion (A) is noted in the right middle meatus (L, lateral nasal wall; S, septum; M, mid-
dle turbinate).
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The recurrence rate of rhinosinusitis was similar
among those patients who developed adhesions
and those who did not, suggesting that the
observed adhesions may not have been extensive
enough to produce ostial obstruction. This possi-
bility is supported by the fact that less than one
third of the adhesions was rated as “severe” by the
masked observer. In addition, no patients in the
study population required additional sinus surgery. 

Although the initial results of this study are
promising, there may be several reasons why the
efficacy of MMC at decreasing adhesion formation
never reached clinical significance. First, the size
of the study population and the incidence of post-
operative adhesions may be too small to reveal a
definitive treatment effect. Second, short-term
exposure to MMC has been shown to inhibit the
growth of fibroblasts, yet they are still capable of
contributing to other critical aspects of wound
healing.20 Furthermore, one study showed that
70% of fibroblasts were still alive after a 5-minute
exposure in 0.4 mg/mL MMC and exhibited evi-
dence of regrowth within 2 to 3 days.7 Adhesions
spanning mucosal surfaces within the middle mea-
tus typically develop over a 1- to 2-week period
and may take as long as 2 months. 

The technique of MMC delivery during nasal
surgery may also have an important impact on its
clinical efficacy. Ophthalmologists have tradition-
ally applied MMC to the ocular surface at the 
conclusion of glaucoma filtration surgery
(trabeculectomy) in a dosage of 0.4 mg/mL for 4
minutes.13,17 A similar concentration and applica-
tion time was used in this study; however, it is pos-
sible that the actual concentration of MMC was
diluted because of bleeding from the adjacent
mucosal surfaces and that a concentration greater
than 0.4 mg/mL would be more effective for
sinonasal surgery. Some ophthalmologists have
also suggested that the increased vascularity of
nasal mucosa may reduce the efficacy of MMC
application during dacryocystorhinostomy com-
pared with trabeculectomy.7

Our study found no adverse effects from a one-
time topical application of MMC. Nevertheless,
complications with adjunctive MMC application
have been reported in the ophthalmology literature
and included glaucoma, corneal ulcers and perfo-

ration, cataracts, scleral calcifications, and
endophthalmitis.5 It should be noted, however, that
these complications have occurred from cumula-
tive use in patients taking MMC as eye drops for
several days. No complications have been reported
with one-time topical intraoperative use. 

CONCLUSION
Adhesions remain one of the most common

causes of recurrent symptoms necessitating revi-
sion sinus surgery. The application of MMC to
exposed mucosal surfaces at the conclusion of
sinus surgery may reduce the incidence of postop-
erative adhesion formation. Further investigation
into different MMC dosages and application tech-
niques is warranted. 

We thank Yuchiao Chang, PhD, with the Medical Practices
Evaluation Center at the Massachusetts General Hospital for
her assistance with statistical analysis of our data.
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