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Abstract Objective: This study aimed to analyze the bone con-
duction thresholds before and after surgery in chronic 
otitis media patients with cholesteatoma who had 
labyrinthine fistula and whose cholesteatoma matrix 
had been completely cleaned.
Methods: The study was performed between 2013 
to 2017 with 23 chronic otitis media patients who 
had labyrinthine fistula with cholesteatoma and who 
were operated at the Department of Otorhinolar-
yngology of Dicle University School of Medicine. 
Patients were assessed by anamnesis and examina-
tion and when necessary, by temporal computerized 
tomography and diffusion magnetic resonance ima-
ging. Bone conduction thresholds at frequencies of 
500, 1000, 2000, and 4000 Hz were determined by 
audiometric examination and they were compared 
before and after surgery.
Results: Of the 23 patients, 12 were female and 11 
were male; their age range was 10–55 (26.04±14.13) 

years. In the post-operative period, it was possib-
le to conduct audiological follow-up on 20 patients. 
In these follow-ups, 16 patients showed no change 
in bone conduction thresholds, two patients showed 
worsening, and two showed improvement. When 
pre- and post-operative bone conduction thresholds 
at each frequency were compared separately, no sig-
nificant difference was found (p=0.937). No statis-
tically significant difference was found between the 
pre- and post-operative means at the four frequencies 
(p=0.712).

Conclusion: In this study, we found that to reduce 
complications relating to cholesteatoma, it might be 
necessary to completely remove the matrix especially 
in the case of type 1 and 2 labyrinthine fistulas.

Kewords: Cholesteatoma, labyrinthine fistula, masto-
idectomy, hearing loss
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Labyrinthine fistula is formed by the erosion of 
the bony labyrinth. Erosion of the cochlea, vesti-
bule or semicircular canals is regarded as labyrin-
thine fistula and often occurs because of choleste-
atoma (1, 2). The treatment of chronic otitis media 
with cholesteatoma is entirely surgical, but when 
labyrinthine fistula is present, removing the cho-
lesteatoma matrix on the fistula carries the risk of 
sensorineural hearing loss (1, 2).

A number of studies have discussed the surgical 
approach on patients with labyrinthine fistula. 
However, there is still no consensus on the surgical 
method to be used. Some surgeons advocate that the 
matrix should not be removed and recommend the 

open-cavity technique because of the risk of hear-
ing loss in patients with labyrinthine fistula (1, 2).  
However, we have realized on the basis of our clin-
ical experience that cholesteatoma recurs in pa-
tients in whom the matrix remains and problems 
relating to cholesteatoma such as ear discharge, 
dizziness, and hearing loss continue. Therefore, 
now the cholesteatoma matrix is cleaned as much 
as possible in our patients and the mastoid cavity 
obliteration technique is preferred.

This study aimed to analyze the bone conduction 
thresholds before and after surgery in chronic oti-
tis media patients with cholesteatoma who had 
labyrinthine fistula and whose cholesteatoma ma-
trix had been completely cleaned.
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Methods
The study was performed between 2013 to 2017 with 23 chronic 
otitis media patients who had labyrinthine fistula with choleste-
atoma and who were operated at the Department of Otorhino-
laryngology of Dicle University School of Medicine. This study 
was approved by the Ethics Committee of Dicle University 
School of Medicine, and written informed consent was obtained 
from all the patients.

Cholesteatoma stage assessment was conducted on the basis of 
European Academy of Otology and Neurotology and Japanese 
Otological Society (EAONO/JOS) (3). The type of fistula was 
determined according to Dornhoffer and Milewski classifica-
tion (4) (Table 1). In addition, the locations of the fistulas were 
recorded as lateral semicircular, posterior, superior semicircular 
canal, round window, or cochlea-vestibule. Patients were as-
sessed by anamnesis and examination and when necessary, by 
computerized tomography and diffusion magnetic resonance 
imaging. Audiometric examination was performed on all pa-
tients. Operations were performed under general anesthesia by a 
single surgeon. During surgery, the cholesteatoma matrix on the 
fistula was completely cleaned in the final stage, and the fistula 
was covered with autograft materials such as temporal muscle 
fascia, bone pate, and cartilage.

Bone conduction thresholds at frequencies of 500, 1000, 2000, 
and 4000 Hz were determined by audiometric examination. 
Audiometric examinations were performed before and three 
months after the surgery in the same department using the 
same equipment (Clinical Audiometer AC33 Interacoustics 
A/S, Assens, Denmark). Before and after the surgery, frequen-
cy-specific bone conduction thresholds were recorded on au-
diograms. In the audiological measurements, bone conduction 
means were taken at frequencies of 500, 1000, 2000, and 4000 
Hz. The data were compared statistically. Also, the post-opera-
tive bone conduction mean (the mean of the threshold at four 
frequencies) showing a reduction of more than 10 dB com-
pared with the pre-operative value was classified as better, an 
increase of more than 10 dB as worse, and a change of less than 
10 dB as unchanged.

Statistical analysis
The Shapiro–Wilk test was used to analyze the distribution 
of the results. The non-parametric Wilcoxon test was used to 
compare the results because the distribution of the pre- and 
post-operative bone conductions was not normal. Mean±stan-
dard deviation was used to analyze the age and sex distribution. 
All statistical analyses were performed using the SSPS software 
(IBM Corp. Released 2011. IBM SPSS Statistics for Windows, 
Version 20.0. Armonk, NY: IBM Corp.)

Results
The study included 23 patients with labyrinthine fistula because 
they had chronic otitis media with cholesteatoma. Overall, 12 
patients were female and 11 were male, and their age range was 
10–55 (26.06±14.03) years.

According to EAONO/JOS (1), all of the patients had ac-
quired cholesteatoma, 19 at stage 3 and three at stage 4. In 
three of the patients with stage 3 cholesteatoma, there was also 
the presence of House–Brackmann stage 4 and 5 facial paral-
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Table 1. Dornhoffer and Milewski classification (4)

Type of fistula

Type 1 Erosion of the bony labyrinth but intact endosteum 

Type 2 Erosion of the endosteum but membranous labyrinth is 
intact

(2a: intact perilymhatic space, 2b: erosion of the 
perilymhatic space)

Type 3 Erosion of the membranous labyrinthine space

Table 2. Type and number of labyrinthine fistulas*

Type of fistula Number of fistulas (n) Locations of fistulas Other concomitant complications

**Type 1 5 LSC(4/5) None

SSC(1/5)

**Type 2a 12 LSC(10/12) SSC(2/12) Cerebellar abscess (n=1)

Cochlea basal turn- vestibule (1/12) Sigmoid sinus thrombosis (n=1),

Round window(1/12) Hydrocephalus (n=1)

Type 2b 4 LSC(4/4) Facial paralysis (n=1)

**Type 3 3 LSC, Cochlea/vestibule (1/3), Facial paralysis (n=2)

LSC, PSC, SSC, Cochlea/vestibule (1/3)

LSC and PSC(1/3) 

LSC: Lateral semicircular canal; SSC: Superior semicircular canal; PSC: Posterior semicircular canal 
*Information from 23 patients was used 
**There was more than one type of the fistula in the same patient



ysis. In the three patients with stage 4 cholesteatoma, there 
was cerebellar abscess, sigmoid sinus thrombosis, and hydro-
cephalus. Labyrinthine fistulas were found in a single area in 
17 patients and in more than one area in five patients. Fistulas 
were present in the lateral semicircular canals of 19 patients, 
in the superior semicircular canals of four patients, in the pos-
terior semicircular canals of two patients, in the cochlea-ves-
tibule in three patients, and in the round window of one pa-
tient. When the types of the fistulas were assessed according 
to the Dornhoffer and Milewski classification (4), type 3 was 
found in three patients, type 2b in four patients, type 1 in five 
patients, and type 2a in the remaining 12 patients (Table 2). 
In the post-operative period, it was possible to conduct audi-
ological follow-up on 20 patients. In these follow-up exam-
inations, 16 patients showed no change in bone conduction 
thresholds, two patients showed worsening, and two showed 
improvement. There were multiple type 3 labyrinthine fistulas 
located in the cochlea and vestibule in two patients who had 
post-operative severe hearing loss. Additionally, these patients 
had facial nerve paralysis. The two patients who showed im-

provement had only lateral semicircular canal  fistulas classi-
fied as type 1 and type 2a (Table 3).

When pre- and post-operative bone conduction thresholds at 
each frequency were compared separately, no significant differ-
ence was found (p=0.937) (Table 4). In addition, no statistically 
significant difference was found between pre- and post-opera-
tive means at the four frequencies (p=0.712).

Dizziness was found post-operatively in three patients. In one 
of these three patients with dizziness, there was no improve-
ment despite medical treatment; therefore, re-exploration was 
performed. The fistula area was again obliterated with bone pate 
and fascia, and a complete improvement of the symptoms was 
seen. The dizziness of the other two patients disappeared within 
5–7 days of medical treatment.

Canal wall-down tympanomastoidectomy was performed on 20 
of the 22 patients and cul-de-sac surgery with partial petrosec-
tomy was performed in one patient. Abscess drainage was per-
formed on the patient with cerebellar abscess by simultaneous 
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Figure 1. a, b. Right ear, canal wall-down mastoidectomy. Type 2a 
fistula in lateral semicircular canal (a), fistula covered with fascia (b)
arrow: fistula area, F: fascia, FN: facial nerve tympanic segment, ME: middle 
ear, K: Cartilage

a

b

Figure 2. a, b. Right ear, canal wall-down mastoidectomy. Type 
2b fistula in lateral semicircular canal (a), Fistula covered with 
autogenous graft materials (b)
Arrow: fistula area; star: cholesteatoma matrix; F: fascia; K: Cartilage; P: 
perichondrium; S: stapes

a

b



brain surgery. Decompression was performed without making 
an incision on the nerve sheath in the three patients with facial 
paralysis.

Patient follow-up periods were between 4 and 40 months. It 
was possible to follow up 20 of the 23 patients in the post-op-
erative period. Disease eradication was achieved in all of these 
20 patients. In 19 patients, the tympanic membrane was found 
to be intact and the mastoid cavity small and dry. The patient 
on whom petrosectomy was performed was monitored for the 
first post-operative year by diffusion MRI, and it was observed 
that no relapse took place. Complications got better without se-
quela. In the three patients with facial paralysis, improvement 
was achieved with House–Brackmann stage 1.

Discussion
Cholesteatoma is a cause of chronic otitis media, the treatment 
of which is performed entirely surgically. In chronic otitis with 
cholesteatoma, labyrinthine fistula is a possible complication, 
and 90% of labyrinthine fistulas form as a result of cholestea-
toma (5, 6). If the fistula is left untreated, vertigo, sensorineural 
hearing loss, purulent labyrinthitis or meningitis may occur. 
However, hearing loss may occur as a result of surgical remov-
al. For this reason, the methods used in surgical removal must 
be discussed. Some surgeons recommend the complete remov-
al of the cholesteatoma matrix from the area of the fistula (7, 
8), whereas others recommend that the matrix be left (1, 2). 
The risk of hearing loss of 11%-23% during the removal of 
the matrix had also been reported (7, 9). However, Stephenson 
and Saliba (10) have reported that if the matrix is not removed, 
there is a greater risk of complication because the disease will 
spread and labyrinthitis will develop. Thus, it has been report-
ed that the incomplete removal of the cholesteatoma matrix 
in patients with chronic otitis media with cholesteatoma car-
ries a greater risk of hearing loss. Our clinical practice is to 
completely remove the cholesteatoma matrix in labyrinthine 
fistulas (Figure 1, 2).

In this study, total hearing loss occurred post-operatively in the 
two patients who had type 3 and cochlear fistulas. In the liter-
ature, it has been determined that the worst prognoses are for 
cochlear fistulas and the best are for fistulas of the lateral semi-
circular canal (10). Similarly, in our cases, hearing loss occurred 
in patients with fistulas of the cochlea, both of whom had type 3 
fistulas and facial nerve paralysis. Apart from this, even though 
the matrix was completely removed in patients with type 1 and 
type 2a fistulas in the semicircular canals, we found that there 
was no deterioration of bone conduction thresholds. Our study 
showed that both the location and type of the fistula may be 
prognostic factors for the post-operative level of bone conduc-
tion hearing.

We observed that in a large proportion of the patients in 
whom the matrix was removed, a deterioration of bone con-
duction hearing was not seen, especially in type 1 and 2 fistu-
las, and that the deterioration of hearing loss was stopped by 
the removal of the destructive effect of the disease and those 
complications were prevented. We observed an increase in the 
bone conduction thresholds in two patients who had type 1 
and 2a fistulas in the lateral semicircular canal. Moreover, in 
short-term follow-ups (4 months-4 years), cholesteatoma and 
related complications were completely prevented. With this 
approach, a middle ear and mastoid that were dry and closed 
to the outside were obtained.

It is very important to be able to protect the membranous lab-
yrinth during the removal of the cholesteatoma matrix. During 
surgery, the removal of the cholesteatoma matrix in the area of 
the fistula should be left untill the rest of the operation is com-
pleted and it should be quickly covered. In this way, hearing 
loss related to the fistula and the possibility of labyrinthitis and 
meningitis will be avoided. In a study with 17 patients, Jang et 
al. (11) assessed the hearing loss according to the size of the 
fistula and reported that even with large fistulas, there was no 
deterioration in the bone conduction and that there was an im-
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Table 4. Post-operative level of bone conduction

500 Hz 1000 Hz 2000 Hz 4000 Hz Median of BC threshold

Pre-operative BC (dB) threshold 10 10 15 15 13

Post-operative BC (dB) threshold 15 10 15 20 14.5

p 0.437 0.757 0.813 0.877 0.712

BC: bone conduction

Table 3. Post-operative status of the bone conduction according to the fistula type*

Type 1 Type 2a Type 2b Type 3

Unchanged (n=16**) 4 11 3

Better (n=2) 1 1

Worse (n=2) 2

*Data from the 20 patients on whom audiometric analysis could be performed post-operatively were used. 
**There were type 1 and 2 fistulas in two patients



provement in four of their patients. In the present study, we did 
not classify fistulas by size.

Meyer et al. (12) emphasized that hearing neither changed nor 
improved in 76% of patients in whom the matrix was complete-
ly removed. However, in 15% of cases, they reported worsening, 
and in 9.7%, there was a total hearing loss. In our study, total 
hearing loss occurred in two patients with multiple fistulas in 
the cochlea and vestibule. We achieved improvement in two pa-
tients, and in 16 patients, there was no deterioration in bone 
conduction. In patients with cochlear fistula and type 3 fistula, 
severe hearing loss occurred. However, there were few type 3 
patients; for this reason, we were unable to compare for fistula 
types within the groups. Still, we speculate that hearing loss may 
occur particularly with type 3 and cochlear fistulas. For this rea-
son, the possibility of complications in removing the matrix in 
patients with cochlear and type 3 fistulas must be borne in mind, 
and the decision on removing the cholesteatoma matrix must be 
taken in consultation with the patient before surgery because of 
the concern regarding possible risks. The surgeon should also 
take into consideration the situation of the contralateral ear and 
own experience while choosing the surgical methods. Surgical 
strategy has been influenced by advancements in pre-operative 
evaluation, post-operative imaging options, and the potential for 
cochlear implant salvage surgery in the case of profound hearing 
loss (13). In this study, the hearing threshold of the contralat-
eral ear of two patients with type 3 fistula in which hearing loss 
resulted was within normal limits, and both patients had previ-
ously been operated on and had relapsed. For that reason, the 
risks were discussed with patients before the surgery. They were 
operated on only after being informed that the cholesteatoma 
had to be completely cleaned to prevent a recurrence and that 
the risk of hearing loss was high. The cholesteatoma matrix was 
completely cleaned, and during the follow-up, no recurrence was 
seen in accordance with the expectations of the patients, but 
hearing loss occurred.

Conclusion
To reduce complications relating to cholesteatoma, it is neces-
sary to completely remove the matrix in the case of labyrinthine 
fistulas and in particular type 1 and type 2 fistulas. However, 
great care must also be taken with type 3 and cochlear bone fis-
tulas, and it must be borne in mind that there may be a greater 
likelihood of hearing loss compared with other areas. Although 
the risk of fistula-related sensorineural hearing loss especially 
with type 1 and 2 fistulas is very low with careful surgery, bone 
conduction hearing loss may occur with type 3 and cochlea fis-
tulas when the cholesteatoma matrix is cleaned. In such cases, 
the method of surgery must be decided by taking into consider-
ation the condition of the contralateral ear and surgeon’s experi-
ence and consulted with the patient for possible risks.
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