
ORIGINAL CONTRIBUTION

A novel technique for mitomycin-c application in frontal 
sinus surgery* 

Abstract 
Objective: Local application of mitomycin-c (MMC) seems to be effective in reducing adhesions and stenosis after FESS. However 
this is not clearly seen in frontal sinusotomy. This study assesses the effectiveness of local MMC in the frontal ostium using a foamy 
material (otowick) and compared with cottonoids.

Methods: Forty-seven patients with chronic rhinosinusitis without polyps enrolled in this study. Two subgroups were studied: one 
with MMC application in one nostril using cottonoids and a second with MMC injected in an otowick. In all patients MMC was ap-
plied twice, intraoperatively and 4 weeks later. In both groups normal saline was applied to the other nostril on the same material 
with the MMC side. Six months postoperatively all patients were assessed endoscopically by a clinician blinded to the MMC side. 

Results: Overall, MMC application was more effective than normal saline in both groups. Otowick use presented favorable initial 
results especially in primary cases regarding ostium patency, and need for revision surgery. The use of MMC cottonoids did not 
show any benefit in primary cases.

Conclusion: The described technique seems to be effective in maintening frontal ostium patency as it provides a more precise 
and deeper drug delivery to this area.
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Introduction
Postoperative adhesions and ostium stenosis are common 
causes of functional endoscopic sinus surgery (FESS) failure 
(1,2). Granulation and scar tissue formation during the healing 
process can lead to persistent symptoms due to decreased 
sinus ventilation and mucus drainage. The complex anatomy 
of frontal recess makes the patency of frontal sinusotomy one 
of the most difficult aspects of FESS. Many studies showed that 
postoperative frontal ostium stenosis rated between 20-25% of 
patients (3-5). The maintenance of a patent ostium is a significant 
factor for a successful operation and for this purpose many 
techniques have been developed, including local application of 
mitomycin-c (MMC). 

MMC is an antibiotic-antineoplasmatic agent mainly used in 

chemotherapy of certain types of cancer. However, its local ap-
plication in the nose has been shown to reduce scar formation 
via inhibition of fibroblasts proliferation (6). Although increasing 
evidence exists regarding its positive effect on antrostomy 
patency after FESS, similar results were not clearly seen in the 
frontal sinus ostium (7). This could be attributed to the use of 
neurosurgical cottonoids for local MMC application in the ma-
jority of studies (8,9). The above technique applies the drug in the 
surface of the operated middle meatus, however this presents 
certain limitations regarding the frontal sinus ostium. Owning to 
its shape, a deeper application of the drug is needed. The neces-
sity for a material, which offers deeper and equal application of 
MMC in an “hourglass” shaped area, led our team to assess the 
efficacy of an otowick into the frontal ostium, in which MMC was 
injected.
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Materials and methods
Patient population
In total 47 patients with chronic rhinosinusitis and bilateral fron-
tal sinuses involvement enrolled in this sequential, cross-over 
study. Data were collected from the clinical notes of patients 
who failed maximal medical treatment and had undergone 
bilateral primary or revision FESS. 
Patients with not an equal extent of the disease in both sides 
(difference in Lund –Mackay CT score > 2) and/or pathology like 
nasal allergic fungal sinusitis and nasal polyposis were excluded. 
All patients provided written informed consent according to a 
protocol approved by the Ethic Committee of the Aristotle Uni-
versity and the Helsinki Declaration for human subjects. 
Patients’ files with indication for surgery were stored in a secure 
password-protected database. Allocation concealment was per-
formed by a secretary using blocked randomization (block size: 
four patients) for the two study groups (cottonoids vs otowick) 
by means of FileMaker Pro 11 Software (FileMaker Inc, Santa 
Clara USA).

Surgery
Although the extent of the sinus disease determined the extent 
of surgery for each patient, all patients in the study group 
underwent at least frontal sinusotomy and anterior ethmoidec-
tomy according the Messerklinger principles. In patients where 
a deviated septum limited the access to the middle meatus, an 
endoscopic septoplasty was performed. Conventional instru-
mentation was used in all cases. 
The frontal recess was dissected with agger nasi cells opening, 
preservation of the mucosa as much as possible and meticulous 
removal of bony remnants. The frontal sinus ostium was visuali-
zed with a 30 degree endoscope and its patency was confirmed 
with the use of a curved Frazer suction number 8 (diameter 2.67 
mm). 
The ostium was considered as patent when suction could pass 
without any forceful movement, a fact which practically means 
that the ostium’s size is ≥ 3mm (7). 

MMC treatment
At the end of the surgical procedure, 1ml of a 0.5mg/ml MMC 
solution was applied for 5 minutes in a randomized order onto 
the frontal ostium of one side and normal saline on the other 
side. Patients were divided in two groups with equal sex and age 
distribution. In the first study group, MMC application perfor-
med using soaked neurosurgical cottonoids and for the second 
group a 6 mm in length piece of an otowick (Merocel, Xomed 
Surgical Products Inc., Jacksonville, USA) was used (Figure 1). 
This size was chosen to cover the variability in frontal sinus os-
tium length (10). The otowick was placed into the frontal ostium 
and then MMC was injected. When the MMC solution is injected 
into the otowick, it reshapes from cylindrical to hourglass  co-

vering equally  all the area of surgical interest (Figure 2). We did 
not use a cottonoid into the frontal ostium as its contact with an 
hourglass area cannot be standardized especially with the upper 
part. In both groups the same material was used in the control 
side as in the MMC side. 
Then cottonoids and otowicks were removed and the nasal 
cavities were irrigated with sterile normal saline. All patients 
were discharged with a 10-days course of oral antibiotics, nasal 
steroids for 4 weeks and instructions for saline irrigation of the 
nose for up to 2 months.

Four weeks later, a second application of 1 ml of a 0.5mg/ml 
MMC solution was performed with the same technique after 
debridement of the nose at an outpatient setting (Figure 3). Spe-
cifically, MMC was applied on the same side as in the operation 
using the same material (cottonoids or otowick). Final mea-
surements performed at a 6 months postoperative follow-up 
assessment. At this appointment, a blinded observer regarding 
the MMC application side, performed nasal endoscopy with a 

Figure 1. Endoscopic view of a left nasal cavity A. Otowick placement 

with a curved blakeslay forceps and B. Saturated otowick placed into the 

frontal ostium at the end of the operation (The asterisk indicates the lat-

eral nasal wall and the white arrow the frontal sinus ostium).

Figure 2. Schematic representation of a patent frontal sinus after anterior 

ethmoidectomy and frontal sinusotomy A. application of an otowick 

into the ostium. Following the MMC injection the otowick takes an hour-

glass shape covering all the area of interest. B. Use of MMC saturated 

cottonoids covers only partially the ostium. 
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300 degree endoscope for the assessment of frontal ostia. Their 
patency confirmed with the same curved Frazer 8 suction. 

Statistical analysis
Statistical analysis was performed using SPSS version 16.0 for 
Windows (SPSS Inc., Chicago, IL, USA). Sample size calculation 
was based on the following parameters: acceptable error alpha: 
0.05, acceptable error beta: 0.10, clinical difference: 3 mm / SD 
± 2.5. The adequate minimum number of patients for a study 
with 80% power according to Douglas Altman’s nomogram is 11 
self-controls patients (22 nasal cavities) for each group. Descrip-
tive statistics are presented within the body of the text as mean 
values ± standard deviation of means (SD). Comparison of the 
frontal ostium patency between groups was performed with the 
Mann Whitney u test. Statistical significance level was set at 0.05.

Results
In total 25 men and 22 women were enrolled in this study (mean 
age, 51.7 years; range, 31-68 years). 

Ostium patency
At a 6 months follow-up appointment, the overall patency rate 
was higher in the MMC side than in the control side (84.7% vs 
71.8%, p = 0.004). Specifically within the MMC nasal cavities the 
percentage of stenosis was higher in the subgroup with cot-
tonoid application. Otowick use presented better results mainly 
in primary cases as in revision cases a comparison cannot be 

Overall Primary 
surgery         

Revision 
surgery

(n = 19) (n = 11) (n = 8)

Mitomycin-c, 
cottonoid application 21% 20% 22%

Control side 26.3% 20% 33%

Significance p = 0.04* no difference ND

(n = 20) (n = 12) (n = 8)

Mitomycin-c,
otowick application 10% 8.3% 12.5%

Control side 30% 25% 37.5%

Significance p < 0.001* p < 0.001* ND

Table 1. Percentages of frontal ostium stenosis within the study groups. 

(n = number of patients). The asterisk symbolizes significant differences. 

A comparison cannot be performed for revision surgery due to small 

sample size (ND = not determined).

Figure 3. Endoscopic view of postoperative MMC otowick application at 

4 weeks follow-up appointment. This procedure performed at an outpa-

tient setting. 

performed due to small sample size. Cottonoids did not present 
any significant effect in primary cases. All data of endoscopic 
findings are presented analytically in Table 1. No difference 
between genders was found on the frontal ostium patency (p = 
0.9). In addition no difference on the ostium patency was found 
between younger (< 45y.o) and older (≥ 45y.o.) patients (p = 
0.77).

Need for revision surgery
Overall six patients (nine nasal cavities) needed an additional 
operation (12.75 % of patients). Among them six nasal cavities 
were control sides and three MMC sides (two cottonoid vs one 
otowick).
Two patients with primary surgery required further surgery (in 
the first patient the control side, in the second patient both the 
control and MMC cottonoid side). 
In the revision cases, 2 patients with marked osseoneogenesis 
in the frontal ostium (1 in cottonoid subgroup/1 in otowick sub-
group) required an additional operation in both frontal sinuses. 
Moreover, 2 patients underwent further surgery in their control 
sides. 
No complications or toxic effects were reported regarding the 
use of MMC in all follow-up assessments.  

Discussion
Endoscopic surgery is the primary approach used today for the 
surgical treatment of chronic rhinosinusitis.  However, frontal 
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sinus ostium patency still present difficulties to maintain, and is 
one of the main causes for revision surgery (1,2). Different techni-
ques and materials (balloon, mitomycin-c, stent) have been used 
for the prevention of frontal sinus ostium stenosis. Although the 
local application of MMC is supported by animal and experi-
mental studies (11,12), its clinical value is still debatable especially 
for the frontal ostium (7,8).  This is because clinical studies did not 
present convincing results (13). In a recent review assessing all 
rhinological MMC studies between 1991-2009, there appears 
a favorable short-term effect of MMC on maintaining patency, 
preventing stenosis, and reducing adhesion formation (6). 

The present study tried to assess if a material that deeper covers 
the area of interest could improve the surgical outcome.  The 
major results of this study are as follows: 
1. Two applications of MMC present favorable patency rates 

of the frontal ostium compared with controls regardless the 
way of application. 

2. A deeper application of MMC using an otowick seems to be 
a more effective way for the maintenance of frontal ostium 
patency.

Repetitious application of MMC have been proposed by many 
authors in experimental and clinical settings as a method for 
better results, a fact in agreement with our outcome (8,9,11). One 
intraoperative MMC application seems to be not enough in en-
doscopic sinus surgery, as even a small bleeding in the surgical 
field can have a negative impact to local MMC concentration.  
Except the number of applications, other important factors that 
can influence the results of MMC application include concentra-
tion and dosage, duration and method of application. 

As the long-term safety of MMC application within the nasal ca-
vity is not yet established, we have to avoid inadvertent contact 
of the drug with the adjacent nasal mucosa, applying MMC only 
onto the area of interest. The otowick provides a more precise 
and focused application of the drug covering deeper in a com-
plete way the frontal ostium. The need for a deeper application 
was noticed in a recent case report by Gutierrez and Hopkins in 
which they applied MMC in a stenosed median frontal drainage 
through a nasopharyngeal tube trimmed with cottonoids (14). A 
similar technique has been described in oesophageal strictures, 
however, is not very precise and standardized (15). Our results 
show that the use of a foamy material in the frontal sinus can be 
safe and effective providing an alternative tool for the local drug 
application. 

The material used should be compatible for the injected solu-
tion in terms of equal expansion and drug distribution. MMC is 
diluted in an aqueous solution and otowick has been proven in 
a study by Clamp that presents significantly different rates of ab-

sorption into, and expansion when different drops were used (16). 
Specifically all aqueous ear drop preparations produced similar 
high rates of absorption and expansion, however, oil-based ear 
drop preparations failed to expand the wick and showed poor 
rates of absorption into it. The length of the otowick should be 
shortened to 6 mm. This is because the actual size of frontal 
sinus ostium as described by Lang et al. ranges from 1 to 6 mm  
(mean length of 3.08 mm) (10). 
In revision cases with osteoneogenesis around the frontal os-
tium, MMC had no favorable results. The presence of osteoneo-
genesis is considered as a factor of surgical failure (17). It has been 
suggested that osteitic bone remnants act as an inflammatory 
nidus, inducing an inflammatory reaction which may contribute 
to frontal ostium stenosis. 

The relatively small sample size of our study does not allow clear 
conclusions regarding the deeper MMC application into the 
frontal ostium although it’s initial positive results. 

It should be noted that none of the patients reported any 
studies systemic toxicity or adverse effects after sinonasal use of 
MMC, which is in agreement with a similar study (6).
However, for higher concentrations and/or dosages the debate 
about concentration vs. safety remains to be addressed (18). MMC 
is currently approved by the European Medicines Agency as an 
antineoplasmatic agent for certain types of cancer (e.g. gastric 
and pancreatic adenocarcinoma). Off-label, its use has been do-
cumented mainly in ophthalmology (pterygium, trabeculecto-
my)(19,20), plastic surgery (keloids)(21) and rhinology (dacrocystor-
hinostomy)(22). Years of surgical experience in these fields have 
shown that the concentration used in our study for 5 minutes 
appears to be safe. None of the studies reported any adverse 
effects or systemic toxicity of topical MMC when applied for 5 
minutes in a maximum concentration of 0.6 mg/mL (usual range 
in the literature 0.4-0.5 mg/ml) and a maximum dose of 1.5 mL.
Although no reports of local toxicity have been reported in rhi-
nology, the ophthalmological literature has documented some 
serious, even vision-threatening complications. However, this 
resulted in patients taking MMC as eye drops for several days. 
In addition, airway obstruction due to exudation reported in 
some cases of laryngotracheal stenosis and intraoperative MMC 
application, a fact mainly seen when a quite high concentration 
was used (10 mg/ml)(23).

As many issues remain to be addressed regarding the safety of 
local MMC application, the described technique avoids an un-
necessary contact of the drug with larger areas of nasal mucosa 
providing a more precise and deeper drug delivery.
Based on that and regardless the material that surgeons like, 
we conclude that deeper and precise MMC application may can 
affect the final outcome significantly. 
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