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Objective: To investigate whether the use of mesna (sodium 2-
mercaptoethanesulfonate), a mucolytic agent capable of breaking
disulfur bonds, reduces the frequency of residual cholesteatoma
in canal wall up tympanomastoidectomy.
Study Design: Retrospective study.
Setting: Tertiary care otology and skull base centers.
Patients: Two hundred fourteen patients operated on by
means of canal wall up tympanomastoidectomy for a middle ear
cholesteatoma.
Interventions: Planned staged canal wall up tympanoma-
stoidectomy. In the study group, the cholesteatoma removal was
performed with the support of chemically assisted dissection by
usingmesna. In the control group, the dissection of the diseasewas
performed by means of a traditional mechanical technique alone.

MainOutcomeMeasures: Prevalence of residual cholesteatoma
at the second-stage operation in the 2 groups of study.
Results: One hundred eight patients were treated with the an-
cillary use of mesna and one hundred six without chemically
assisted dissection. A residual cholesteatoma was found in 12
(11.1%) of the 108 patients treated with chemically assisted
dissection and in 26 (24.5%) of the 106 patients treated with
mechanical dissection. After adjusting for potential confounders,
CADISS procedure was associated with a significantly lower
risk of having residual cholesteatoma (OR, 0.39; 95% CI,
0.18Y0.84, p = 0.02).
Conclusion: This study showed that chemically assisted dis-
section by using mesna represents a valid support in reducing
the frequency of residual disease in cholesteatoma surgery.

The primary goals of cholesteatoma surgery comprise
total eradication of the disease, hearing restoration, and
minimizing the risk of recidivism.

Historically, the surgical approaches for the treatment
of cholesteatoma are broadly split into 2 categories: the
canal wall down and the canal wall up procedure. The open
technique generally leads to a lower rate of recurrence, but
it is accused of losing the self-cleansing ability of the ear
with consequent recurrent episodes of otorrhea. Conversely,
the closed technique respects the middle ear anatomy and
maintains the shape of the external auditory canal with
normal skin migration but results in a higher rate of re-
currence. Since 1974, we have constantly used staged ca-
nal wall up mastoidectomy in the surgical management of
middle ear cholesteatoma; over the years, we tried to im-
prove the surgical technique to reduce the incidence of both

residual and recurrent cholesteatoma (1Y4). Unlike recur-
rent cholesteatoma that originates from a new postopera-
tive retraction pocket, residual cholesteatoma develops
from epidermal debris left behind from surgery with an
incidence ranging from 10% to 43% (5).

The likelihood of inadvertently leaving epidermal de-
bris in place is higher in several particular circumstances:
first, in presence of cholesteatomas, interesting middle ear
regions that are difficult to access under otomicroscopy,
such as anterior epitympanum and sinus tympani (6), and
second, when the cholesteatoma must be dissected away
from either intact ossicular chain, or labyrinthine fistula, or
exposed facial nerve or bony defect of the middle cranial
fossa (7). In these situations, the dissection must be gentle
enough to avoid injuries to the above-mentioned struc-
tures, but it could be inadequately sufficient for a complete
and accurate removal of the disease.

Over the years, various technological innovations have
been proposed to reduce the incidence of the residual
cholesteatoma: otoendoscopy, to better visualize and
clean the ‘‘blind’’ areas in the middle ear (8); the KTP
laser that should allow a more gentle and accurate dis-
section (9); and the utilization of the galectin-7 to identify
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microscopic epidermal residues with an immunofluores-
cent method (10). Alternative surgical approaches also
have been proposed (11,12).

We pursued the goal of a more accurate removal of
cholesteatoma searching for a substance thatwould facilitate
its dissection. Starting from the hypothesis that adhesions
between pathologic and healthy tissues are rich in disul-
fide bonds, we started a research project entitled ‘‘Chemi-
cally Assisted Dissection’’ (CADISS). Among various
substances, we chose sodium 2-mercaptoethanesulfonate
(mesna), a substance already used in medicine for its mu-
colytic, antioxidant, and protective properties and capable of
breaking disulfur bridges (13,14). To examine critically the
effect of CADISS by using mesna on the rate of residual
cholesteatoma, we performed a comparison between a
group of 108 patients treated with CADISS and a group of
106 patients treated with traditional mechanical dissection
alone. This review was specifically limited to adult patients
with middle ear cholesteatoma operated on by planned
staged canal wall up tympanomastoidectomy.

MATERIALS AND METHODS

The aim of the study was to verify whether the ancillary use
of CADISS by using mesna can reduce the residual disease rate
in patients with primary acquired middle ear cholesteatoma. To
this purpose, a retrospective analysis of the surgical reports of
all patients with middle ear cholesteatoma operated on with the
support of CADISS by the senior authors (C. Z. and J. M.) be-
tween January 2009 and December 2011 was performed. The con-
trol group consisted of all cholesteatomas operated on in the 2
previous years by the same surgeons using the traditional mechani-
cal technique alone. The institutional review boards approved this
study and the review of medical records pertaining to this study. In-
clusion criteria for both groups were as follows: adult age (Q18 yr),
fresh cholesteatoma with no history of ipsilateral previous ear sur-
gery, and surgical treatment consisting in planned staged canal wall
up tympanomastoidectomy. Exclusion criteria were as follows: pe-
diatric age (G18 yr), congenital cholesteatoma, recurrent choles-
teatoma, one-stage surgery, canal wall down mastoidectomy, and
observation of a postoperative retraction pocket between the 2 sur-
gical stages.
According to Tos classification (15), cholesteatomas were di-

vided into the following: 1) attic cholesteatoma, originating from
the Shrapnell’s membrane and extending primary into the attic;
and 2) pars tensa cholesteatoma, originating from both the post-
erosuperior retraction of the pars tensa and extending primary into
the tympanic sinuses (sinus cholesteatoma) or an entirely retracted
pars tensa (tensa retraction cholesteatoma). The extent of the dis-
ease was defined by the number of sites involved with cholestea-
toma, according to Saleh and Mills classification (16). Based
on intraoperative involvement of the attic, antrum, mastoid cavity,
mesotympanum, Eustachian tube, labyrinth, and middle cranial
fossa, cholesteatoma was classified as Stage I (1 site), Stage II
(2 sites), Stage III (3 sites), Stage IV (4 sites), and Stage V (5 or
more sites).
In all cases, the first-stage operation consisted in the exposure

of the bony external canal and mastoid by using a retroauricular
approach,mastoidectomy, atticotomy, and posterior tympanotomy.
The removal of the cholesteatoma was performed using a com-
bined (transcanal-transmastoid) approach. At the beginning of sur-
gery, 10% mesna solution was obtained using saline and drawn

into a syringe. Once exposed, the cholesteatoma, before starting
the removal, a small amount of mesna solution was injected and
left into the middle ear and the mastoid for 3 minutes. Successively,
during the surgical dissection, mesna was topically administered
with continuous instillation by means of microdissectors deliver-
ing the substance directly from their tips (Fig. 1). At the end of the
disease extirpation, small micromirrors or 30- or 70-degree an-
gled endoscopes were used to control the quality of excision. Lo-
cation and extension of the disease were systematically recorded
in surgical reports.
The second-stage procedurewas performed not before 12months

after the first-stage operation using the same facial recess approach
created during the primary surgery. Exploration of all the cavities
of the middle ear and mastoid was performed using the combined
technique as in the first surgical step. Residual cholesteatoma was
defined as a collection of squamous epithelium found in the middle
ear or mastoid cavity developed from the epidermal debris inad-
vertently left in place from the first stage of surgery. The frequency
and location of the residual cholesteatoma were then compared
between the 2 groups of study. For descriptive purpose, the base-
line characteristics of the 2 groups were compared using a W2 test
and ANOVAmodel for categorical and continuous variables, res-
pectively. Bivariate tests were used: chi-square for dichotomic
variableswas used to test the significance of categorical covariates.
Parametric (ANOVA) and nonparametric tests (Kruskal-Wallis,
median test, and MannYWhitney U test) were used to test the sig-
nificance of continuous covariates. Logistic regression analysis was
used to examine the effect on the residual cholesteatoma of mesna
(CADISS group) compared with the traditional mechanical tech-
nique alone, after adjusting for multiple confounders. Associations
between the presence versus absence of residual disease at second-
stage procedure and variables of interest, including patient age,
cholesteatoma type, disease stage, and ossicular chain status, were
evaluated using Fisher exact tests.
Statistical analysis was carried out using SAS 8.2 version sta-

tistical software. The results with a value of p G 0.05 were con-
sidered significant.

RESULTS

Two hundred fourteen patients were included in the
study, 108 operated on with the ancillary use of mesna

FIG. 1. Details of surgical instruments used in chemically assisted
dissection.
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(CADISS group) and 106 treated with the traditional mech-
anical technique alone (no CADISS group).

The CADISS group included 58 women and 50 men
with a mean age at first-stage operation of 45 years (range,
18Y69 yr). The no CADISS group included 61 women and
45 men with a mean age at first-stage operation of 43 years
(range, 18Y72 yr). The time interval between the first and
the second procedure ranged from 12 to 15 months, with
an average of 12.75 months in the CADISS group and
12.63 months in the no CADISS group. The allocation of
the various types of cholesteatoma in the 2 study groups
is described in Table 1.

Overall, during the second-look procedure, 176 patients
(82.25%) were free of disease; 38 patients were found to
have a residual cholesteatoma, representing an overall
rate of 17.75%.When analyzing the 2 groups separately, 12
(11.1%) of the 108 patients operated with the support of
CADISS were observed to have residual disease; in the
group of 106 patients treated without CADISS, 26 (24.5%)
presented with a residual cholesteatoma. In unadjusted anal-
ysis, the difference between the 2 groups was statistically
significant (p = 0.02) (Fig. 2).

To exclude any factor that may have biased the results,
the baseline features of the 2 groups were compared. No
significant differences were observed on the basis of the
parameters of sex, age, cholesteatoma location and exten-
sion, ossicular chain lysis, erosion of the Fallopian canal,
labyrinthine fistula, or bony defects of the middle cranial
fossa (Table 2). While analyzing prevalence according to
the middle ear regions involved by the disease, we noted
that the incidence of residual cholesteatoma dropped from
15.8% (no CADISS group) to 5.8% (CADISS group) in
attic cholesteatomas and from 37.2% (no CADISS group)
to 20% (CADISS group) in pars tensa cholesteatomas
(Tables 3 and 4). Similarly, in the presence of an intact
ossicular chain, the incidence of residual cholesteatoma
dropped from 6 cases of 12 (no CADISS group) to 1 of 10
(CADISS group).

No residual cholesteatomas were found in presence of
labyrinthine fistula (6 cases), epidermization of an ex-
posed facial nerve (6 cases), or bony defect of the middle
cranial fossa (5 cases) in patients treated with the support
of CADISS; on the other hand, 3 residual cholesteatomas
(1 of 5 patients with a labyrinthine fistula, 1 of 4 with an
epidermizated facial nerve, and 1 of 4 with a bony defect
of themiddle cranial fossa)were observed in patients treated
with traditional mechanical dissection alone.

Regarding size and aspect of the residual disease, in the
CADISS group, the lesions had a cystic appearance in all
cases with a mean size of 2.60 mm; in the no CADISS
group, residual cholesteatoma had a cystic appearance
(mean size, 3.40 mm) in 22 cases, whereas in 4 patients, it
was represented by free matrix infiltrating the surround-
ing structures.

After adjusting for potential confounders, CADISS pro-
cedure was associated with a significantly lower risk of hav-
ing residual cholesteatoma (OR, 0.39; 95% CI, 0.18Y0.84,
p = 0.02) (Table 5). The patients with more advanced
initial disease (Stages 4 and 5) and pars tensa cholestea-
toma had a higher residual cholesteatoma rate.

DISCUSSION

One of the unsolved problems of canal wall up tech-
niques is the high frequency of residual cholesteatoma,
especially in regions that are difficult to access with oto-
microscopy. The use of otoendoscopes as an adjunct to
operating microscope has led to a decrease of the residual

TABLE 1. Cholesteatoma type according to Tos
classification (14)

Cholesteatoma type* CADISS (n = 108) No CADISS (n = 106)

Attic cholesteatoma 68 (63.0%) 63 (59.4%)
Sinus cholesteatoma 35 (32.4%) 40 (37.7%)
Tensa-retraction
cholesteatoma

5 (4.6%) 3 (2.9%)

Total = 108 Total = 106

*p = NS between the 2 groups (Manten-Haenszel chi square).

FIG. 2. Residual cholesteatoma percentage across the 2 groups
of study.

TABLE 2. Baseline clinical characteristics of patients

CADISS group
(n = 108)

No CADISS
group (n = 106) p*

Age (yr) (mean T SD) 45.02 T 16.1 43.1 T 15.3 0.37
Women (n) 58 61 0.48
Cholesteatoma in advanced

stage (Stages 4 and 5) (n)
36 28 0.34

Intact ossicular chain (n) 10 12 0.62
Eroded incus (n) 92 91 0.89
Eroded stapes (n) 43 39 0.55
Epidermization of the facial

nerve (n)
6 4 0.54

Labyrinthine fistula (n) 6 5 0.84
Bony defect of middle

cranial fossa (n)
5 4 0.75

*Manten-Haenszel chi square for parametric variables and Kruskal-
Wallis for nonparametric variables.
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cholesteatoma incidence, which has allowed surgeons to
detect and remove the disease from the blind pockets of the
middle ear (6,17). In a study on 113 patients with a middle
ear cholesteatoma treated by a canal wall up technique,
Gaillardin et al. (18) have observed a residual cholestea-
toma in 25% of the series as a whole, in 45% of cho-
lesteatomas involving the medial attic, and in 20.5% of
retrotympanic cholesteatomas, despite the use of otoendo-
scopy. Reporting on prevalence of residual cholesteatoma
in 4 different types of mastoid surgery performed using
otoendoscopy in conjunction with the microscope, Yung
(19) has identified a residual cholesteatoma in 9.45% of
patients operated on by a closed cavity mastoidectomy and
in 8.7% of patients treated with an open cavity mastoidec-
tomy. Overall, the incidence of residual disease was 8.2%
and reached 10.5% in cholesteatomas extending into the
sinus tympani. Yung (19) concluded that the use of oto-
endoscopes cannot guarantee the elimination of the resid-
ual disease and advocated the development of new surgical
techniques to clean up the cholesteatoma bed. To improve
intraoperative exposure of the middle ear and mastoid
without creating a mastoid bowl, Haginomori et al. (11)
and Gantz et al. (12) proposed an alternative surgical tech-
nique consisting in removing the posterior wall of the ex-
ternal auditory canal and its subsequent reconstruction.
Hoginomori et al. (11) have reported an incidence of 21%
in a series of 85 cholesteatomas operated on by canal wall
down tympanoplastywith soft-wall reconstruction,whereas
Gantz et al. (12) have observed a residual cholesteatoma
in 10 (9.8%) of 102 patients operated on by canal wall
reconstruction tympanomastoidectomy.

Indeed, residual cholesteatoma is often observed in easily
accessible and controllable areas. The cause of such residua

is not an insufficient surgical view but rather an incomplete
cleaning of the matrix; typical examples are cholestea-
tomas remaining around the ossicles or on bony defects
of the middle cranial fossa, labyrinth, and Fallopian canal.
Under these circumstances, surgical dissection has to be
gentle enough to avoid iatrogenic lesions; however, the risk
of incomplete removal of the disease is heightened. Other
risk factors for the development of a residual cholesteatoma
due to a demanding dissection are the infiltration of the
matrix to the pneumatized mastoid cavity, the middle ear
mucosa replaced by matrix, and the presence of polypoidal
mucosa (20). To improve surgical dissection in such cases,
Hamilton (9) proposed the KTP laser, which allows surgeon
to remove the disease by replacing mechanical dissection
with tissue vaporization. In a controlled, nonrandomized,
prospectivestudyon68cholesteatomasoperatedonbystaged
canal wall up technique, Hamilton (9) reported the presence
of residua in 1 of 35 patients treated with the ancillary use of
KTP laser and in 10 of 33 patients treated without the laser.

Our approach has been to make the cholesteatomatous
matrix removal easier in combining mechanical with che-
mical dissection by means of a substance capable to dis-
solve adhesions between pathologic and normal tissues.
Because the cholesteatomatous matrix is largely made of
keratin, a protein rich in disulfide bonds, we searched for a
chemical product capable of breaking these bonds. After
trying different substances, we chose mesna, a synthetic
sulfur compound that belongs to a class of thiol products
already used in medicine for its mucolytic, antioxidant, and
protective properties. Intraoperative use of mesna as a che-
mical dissector has been reported in different surgical fields
such as gynecology, orthopedics, and otorhinolaryngol-
ogy (14,21,22). Mesna was used by Yilmaz et al. (23) to

TABLE 3. Residual disease in attic cholesteatoma

CADISS NO CADISS

Cholesteatoma stage No. of cases Residual cholesteatoma (n) No. of cases Residual cholesteatoma (n)

S1 19 0 21 1
S2 12 0 15 1
S3 14 1 11 3
S4 18 2 14 4
S5 5 1 2 1

Total = 68 Total = 4 (5.8%) Total = 63 Total = 10 (15.8%)

*p = 0.03 between the 2 groups (Manten-Haenszel chi square).

TABLE 4. Residual disease in sinus and tensa-retraction cholesteatoma

CADISS NO CADISS

Cholesteatoma stage No. of cases Residual cholesteatoma (n) No. of cases Residual cholesteatoma (n)

S1 10 0 11 2
S2 7 1 12 3
S3 10 2 8 2
S4 8 2 9 3
S5 5 3 3 3

Total = 40 Total = 8 (20%) Total = 43 Total = 16 (37.2%)

*p = 0.02 between the 2 groups (Manten-Haenszel chi square).
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facilitate surgery in atelectatic ears and adhesive otitis
media. The authors (23) stated that mesna makes the op-
eration easier and safer by allowing lysis of adhesions
between the middle ear mucosa and the tympanic mem-
brane through its mechanical and chemical properties. The
aim of this study was to investigate whether the use of
mesna reduces the frequency of residual disease, making
the removal of middle ear cholesteatoma more accurate.
For this purpose, we analyzed retrospectively the rate of
residual cholesteatoma in a population of patients, all op-
erated on by the same surgical technique, that is, planned
canal wall up tympanomastoidectomy; in 108 patients,
surgery was performedwith the ancillary use of CADISS by
means of mesna (CADISS group), whereas 106 patients
were treated with the traditional mechanical technique alone
(no CADISS group).

Because retrospective studies can be biased by an ir-
regular distribution of the patients in the study groups, we
performed a statistical analysis that excluded significant
differences between the 2 groups on the basis of the pa-
rameters of sex, age, cholesteatoma location and extension,
ossicular chain lysis, erosion of the Fallopian canal, laby-
rinthine fistula, or bony defects of middle cranial fossa.
Overall, the analysis of our results showed a statistically
significant reduction of the residual cholesteatoma fre-
quency in the CADISS group compared with the no
CADISS group. A decrease of the residual disease inci-
dence in the CADISS group was observed in both attic
and pars tensa cholesteatoma. The same conclusions were
reached by Kalcioglu et al. (24) in a recent report on
effectiveness of mesna in cholesteatoma surgery. The au-
thors noted a statistically significant decrease of the re-
sidual disease rate by using mesna in both canal wall down
and canal wall up tympanoplasty. Mesna has proven espe-
cially useful in cholesteatomas with an intact ossicular
chain; furthermore,mesna allowed the incidence of residual
cholesteatoma to be reduced also in the presence of laby-
rinthine fistula and epidermization of an exposed facial
nerve or bony defect of the middle cranial fossa. Finally,
the absence in both groups of major complications, such
as sensorineural hearing loss, facial paralysis, and menin-

gitis, demonstrates that intraoperative use of mesna is safe
and does not lead to toxic effects on middle and inner ear
structures.

CONCLUSIONS

Despite intraoperative use of otoendoscope, residual
cholesteatoma remains an open problem, especially in
canal wall up technique. Chemically assisted dissection by
means of mesna can be a safe, inexpensive, and effective
support to further reduce the incidence of residual disease
in cholesteatoma surgery. Multicenter and prospective stud-
ies with a higher number of patients are needed to validate
this technique.
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