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Abstract

Introduction During surgery in patients with labyrinthine fistula the mandatory complete removal of the cholesteatoma
while preserving inner ear and vestibular function is a challenge. Options so far have been either the complete removal of the
cholesteatoma or leaving the matrix on the fistula. We evaluated an alternative “under water” surgical technique for complete
cholesteatoma resection, in terms of preservation of postoperative inner ear and vestibular function.

Methods From 2013 to 2019, 20 patients with labyrinthine fistula due to cholesteatoma were operated. We used the canal
wall down approach and removal of matrix on the fistula was done as the last step during surgery using the “under water
technique”. The pre and postoperative hearing tests and the vestibular function were retrospectively examined.

Results There was no significant difference between pre and post-operative bone conduction thresholds; 20% experienced an
improvement of more than 10 dB, with none experiencing a postoperative worsening of sensorineural hearing loss. Among
seven patients who presented with vertigo, two had transient vertigo postoperatively but eventually recovered.

Conclusion Our data show that the “under water technique” for cholesteatoma removal at the labyrinthine fistula is a viable

option in the preservation of inner ear function and facilitating complete cholesteatoma removal.
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Introduction

Cholesteatoma of the middle ear is a progressive, benign
epithelial lesion, characterized by an expanding growth con-
sisting of keratinizing squamous epithelium in the middle
ear and/or mastoid [1]. They are found to show intense cell
proliferation accompanied by the consequent accumulation
of keratin debris leading to the destruction of bony struc-
tures surrounding the temporal bone [2]. The bone erod-
ing property of the cholesteatoma has been found to cause
destruction of middle ear and inner ear structures including
various intracranial and extracranial complications [3]. One
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of the well-known complications of untreated middle ear
cholesteatoma is the erosion of the bony labyrinth resulting
in a fistula of the labyrinth, which has a reported incidence
of 4-12.7% [4]. A Cholesteatoma-induced inner ear fistula
commonly involves the lateral semicircular canal, and to
lesser extent other semicircular canals, and very rarely the
cochlea itself [5]. The loss of the overlying bone structure
allows pressure or mass-induced motion of the underlying
endosteum, perilymph, and the endolymphatic compartment,
causing vestibular and sometimes auditory symptoms [6].
Surgical removal of the cholesteatoma is the standard
treatment. The specific method to be used in case of chole-
steatoma with a labyrinthine fistula has been debated. Sev-
eral cases with acute sensory hearing loss due to the leak-
age of perilymph after removal of the cholesteatoma matrix
have been reported [7, 8]. Two potential surgical methods
have been widely followed and debated each with its own
advantages and disadvantages: (1) complete removal of the
cholesteatoma with the matrix followed by repair of the bony
defect in a single or two stage procedure or (2) Removal of
the cholesteatoma leaving the matrix intact over the fistula
(matrix preservation technique). Completely removing the
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matrix means a high risk of opening up the fistula, resulting
in perilymph leakage and a potential irreversible sensory
neural hearing loss even after patching up the fistula. On
the other hand, leaving the matrix over the fistula may result
in lesser disease clearance and eventually residual chole-
steatoma [9, 10]. Alternatively, dissection and removal of
matrix including exposure and closure of the bony defect
under constant saline water irrigation has been suggested as
a possible method wherein complete disease clearance can
be achieved with much lesser risk of sensory hearing loss.
This method of surgery named the “under water technique”
was first described in 2014 and is yet to be studied in bigger
cohorts [11].

Here we introduce the effectiveness of the “under water
technique” in a cohort of patients (n=20). We hypothesized
that applying this technique facilitates complete cholestea-
toma removal, while preserving the labyrinth function.

Methods

We conducted a retrospective study in a tertiary care center
in Germany. Medical records of all patients who underwent
surgery for middle ear cholesteatoma from January 2013 to
December 2019 were examined. We included patients with
a preoperative diagnosis of labyrinthine fistula confirmed
by temporal bone high-resolution Computed Tomography
(CT) scan.

Preoperative procedures

A detailed history-taking was performed, and the clini-
cal symptoms of the patients were recorded. All patients
underwent preoperative clinical ear examination, a Pure
Tone Audiogram and temporal bone high-resolution CT
scan. In Pure Tone Audiogram, bone conduction (BC) and
air conduction (AC) thresholds at frequencies of 250, 500,
1000, 2000, 4000 and 8000 Hz were measured. In patients
who presented with vertigo, vestibular function test includ-
ing caloric test, electro und videonystagmography and video
head impulse test was done additionally. All of the patients
with a fistula were treated with intravenous corticosteroids
(250 mg Prednisolone, Solu-Decortin H, Merck, Darmstadt,
Germany once daily from the diagnosis of fistula up to 3 to
5 days postoperatively) and intravenous antibiotics (cefuro-
xime 1.5 g thrice daily from the time of diagnosis of fistula
up to 5-7 days postoperatively).

Surgical technique
All patients underwent tympanoplasty via a retro-auricular

approach and a canal wall down technique for cholesteatoma
removal under general anesthesia. The removal of matrix
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Continuous irrigation of the area
with Corticosteroids and Antibiotics

/ Labyrinth

Fig. 1 Schematic showing ‘under water’ technique

and perimatrix at the site of the fistula was done as the
last operative step of the cholesteatoma removal surgery.
Throughout this step, saline containing mixture of corti-
costeroids (prednisolone) and antibiotics (cefuroxime) was
continuously superfused on to the area of surgery, creating
a complete protective cover over the fistula and avoiding
leakage of the perilymph, so that the removal of matrix and
perimatrix was performed “under water” (Figs. 1, 2).

Fistulas were classified intraoperatively according the
degree of labyrinth involvement using the Dornhoffer and
Milewski classification [12]. We used temporal fascia for
immediate coverage of the bony labyrinth defect. Bone
paté and fibrin-glue were used for further reconstruction.
In case a ossicular replacement prosthesis was needed
due to erosion of the ossicular chain, this was performed
in a second surgery usually 1 year after initial cholestea-
toma removal. This was to prevent a ‘third window’ at the
repaired fistula.

Post-operative procedures

The patients underwent Pure Tone Audiogram measuring
BC on the first post-operative day. Further audiograms meas-
uring both BC and AC, and vestibular function tests were
then performed 6 weeks after surgery and again at various
times depending on symptoms, whether or not reconstructive
surgery was done.
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Fig.2 Intraoperative steps
showing ‘under water’ tech-
nique as the matrix is removed
and fistula repaired. WL Water
level shown intra-operatively.
< Dissection of Matrix under
water. «<— Fistula opening shown
under water level

WL: Water level shown intra-operatively
«-: Dissection of Matrix under water
& : Fistula opening shown under water level

Statistical analysis

Mean results for audiograms and percentage hearing loss
before and after surgery were compared using Wilcoxon
test for pair differences. To compare the difference of per-
centage hearing loss before and after surgery of patients,
the Mann—Whitney U test was applied. Group differences
were considered significant if p value was less than 0.05.
All analyses were performed using Stata 14.0 (StataCorp.
2014. Stata Statistical Software: Release 14. College Sta-
tion, TX: StataCorp LP).

Results
Demographics

A total of 458 patients had undergone surgery for the
removal of cholesteatoma between 2013 and 2019. Among
them, a total 20 (4.4%) patients were pre-operatively or intra-
operatively diagnosed with labyrinthine fistula (Table 1).
The average age of our cohort was 45 years (+21.1). Seven
of the 20 patients were women (35%).

Six of the 20 patients presented with inner ear symptoms
(sensorineural hearing loss and vertigo) and 1 patient pre-
sented only with vertigo (Table 1). In these seven patients
the fistula was diagnosed with a pre-operative high-resolu-
tion temporal bone CT with two patients having a positive
fistula test. The remaining 13 patients did not present with
vertigo, but rather with symptoms of chronic otitis media
(discharge from the ear and varied hearing loss) and clini-
cally identified cholesteatoma. Fistula in these cases was
diagnosed during routine pre-operative CT scan performed
before surgery (Fig. 3). The cholesteatoma and the fistula
were on the right side in 11 (55%) patients and on the left in
the remaining 9 (45%) patients. 14 (70%) of the patients had
a primary surgery, while the rest (6) were revision surgeries
(Table 2).

Frequency

250 Hz 500 Hz 1 kHz 2 kHz 4kHz 8 kHz
0
10
13 — =
20 wo--- 8 Ty
\ 2
30 - 28

= .+ = Preoperative Hearing (dB) = = Postoperative Hearing (dB)

Note: *1 patient was pre and post-operatively deaf

Fig.3 Average pre and post-operative mean bone conduction thresh-
old in 19* patients.*1 patient was pre and post-operatively deaf

Table 1 Descriptives of the patients in our study

Variable Classification Number (%)
Gender Male 13 (65)
Female 7(35)
Side Right 11 (55)
left 9 45)
Type (Dornhoffer)* I 5(23)
1I 7(32)
11 10 (45)
Presentation With vertigo 7 (35)
Without vertigo 13 (65)
*2 Patients had fistula in two areas
Table 2 Post-operative results
Characteristics Number (%)
Post-operative changes in bone conduction
No change (Difference less than 10 dB) 14 (70)
Improvement more than or equal to 10 dB 4 (20)
Pre and post op deaf 2 (10)
Vertigo post-operative (n="7) 2 (28)
Recurrence (n=20) 4 (20)
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Intraoperative findings

All patients underwent one-stage surgery with cholestea-
toma removal and closure of the fistula being performed at
the same time. The same senior surgeon (R.W.) performed
all surgeries. In 15 of the 20 patients, the lateral semicircular
canal was involved, in two patients the superior semicir-
cular canal, both lateral and superior semicircular canal in
one patient, and both superior and footplate of stapes in one
patient. Bony erosion was identified only near the stapes
footplate in one patient. Fistulas were classified intra-oper-
atively as type I (n=4), type Il (n=>5) and type III (n=06),
based on the Dornhoffer and Milewski. Another two patients
they had fistulas in more than one place [12].

In all patients, the perimatrix and matrix were com-
pletely removed. In 13 patients the ossicle chain was
removed due to erosion. In these patients, ossicle recon-
struction was performed as a second step one year after
the initial surgery using middle ear prosthesis. Eight of
the remaining patients received hearing aid since a second
surgery was declined.

Postoperative outcome

No significant post-operative complications were noted
in any of the patients. Facial paralysis was not recorded
in any of the cases and there was no post-operative hear-
ing loss. Despite the usage of intravenous corticosteroids
pre-, intra- and post-operatively no associated complica-
tions such as worsening of arterial hypertension, peptic
ulcer or elevated blood sugar levels were noted. The pre-
operative and post-operative hearing levels are shown
in Fig. 3. There was no statistically significant differ-
ence between average preoperative and post-operative
bone conduction thresholds across various frequencies
(p>0.05). 14 patients had a difference less than 10 dB.
The hearing in four patients improved by more than 10 dB,
while two patients who were preoperatively functionally
deaf remained deaf after 6 weeks. One of these patients
received cochlear implantation 6 months later. None of the
patients experienced worsening of sensorineural hearing
loss postoperatively.

The mean follow-up period of the patients was
45.3 months (+25.9). Four patients developed recurrence
of cholesteatoma, 3 of them were detected during the 12th
postoperative month during a routine planned second look
surgery, and one at the 16th postoperative month, neces-
sitating revision surgery. None of the recurrences occurred
at the site of the fistula.

Although there was improvement in average air conduc-
tion threshold across lower frequencies, especially 250,
500 Hz and 1 kHz postoperatively, compared to preop-
erative air conduction thresholds in eight patients who
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Frequency
250 Hz 500 Hz 1 kHz 2 kHz 4 kHz 8 kHz

= .. = Preoperative Hearing (dB) == = Postoperative Hearing (dB)

Note: *8 patients received ossicular reconstruction
Fig.4 Average pre and post-operative mean air conduction thresh-

old in 19* patients after ossiculoplasty.*8 patients received ossicular
reconstruction

Fig.5 Preoperative CT scan of the temporal bone from one of the
patients in the cohort showing erosion of the lateral semicircular
canal

received hearing rehabilitation surgery after 1 year, the
difference was not statistically significant (Fig. 4).

Pre and post-operative vestibular function

Among the seven (35%) patients who presented with vertigo
preoperatively and showed pathological vestibular function
tests, two (29%) patients continued to have vertigo symp-
toms postoperatively. A vestibular hypofunction was diag-
nosed in both of them postoperatively using caloric reflex
test and videonystagmography and video head impulse test.
One of them retained vertigo for a few weeks, with vestibu-
lar function tests normalizing in about 2 months after the
surgery. The other retained vertigo for about 4 months after
which vestibular function tests normalized (Fig. 5).

Discussion

The 4.4% incidence of labyrinthine fistula in our cohort
of patients with cholesteatoma is found to be on the lower
end of the spectrum, when compared to the wide range of
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2.7-13% reported in the literature [13, 14]. The majority of
the cases (90%) reported fistula in the lateral semicircular
canal reinforcing that the lateral semicircular canal is the
most common site for labyrinthine fistula [15, 16].

When compared to other studies [14, 17], labyrinthine
fistula in our study had a higher incidence in males (65%)
than in females (35%). Similar to other studies, our results
revealed no significant difference between the involvement
of the right (55%) or left ear (45%) [12]. In our study, 14
(70%) patients received primary surgeries. We had a lower
rate of fistula detection in revision surgeries (n =6 patients,
30%), when compared to what is reported in the literature
[17]. Soda-Merhy et al. performed primary and revision sur-
geries in 59 and 41% of patients, respectively. This study
had a longer duration (144 months) and follow-up period
(13 years), which may explain the difference. The follow-up
period in our study was 45.3 months [17].

The majority of our patients presented with symptoms
of chronic otitis media (65%) such as chronic ear pain, dis-
charging ear and varying hearing loss. Only 35% presented
with vertigo initially, raising clinical suspicion of a fistula.
This is in contrast to other studies, which have reported that
labyrinthine fistula usually presents with vertigo [12, 15, 17,
18]. In cases with no vertigo, pre-operative CT scan plays
an important role in identifying a fistula and high-resolution
CT scan was routinely performed prior to surgical treatment
in all patients with cholesteatoma. High resolution CT scan
had a 100% detection rate of type II and type III fistulas in
our study. Other studies have reported much less detection
rates of fistulas using CT scan [15, 19, 20]. The protocol
applied to high resolution CT scan and the thickness of the
slices used during the scan could explain the higher rate of
pre-operative detection in our study. Since the fistula was
diagnosed preoperatively through CT scan even in cases
where a fistula was not expected, there were no surprises
intraoperatively and we could plan the use of the “under
water technique”, thus preventing any unexpected perilymph
leakage (Fig. 2).

A positive fistula sign was pre-operatively detected in
only two patients (10%), in contrast to other studies that
have reported more patients with a positive fistula sign
(25-55%) [12, 17, 18, 21]. It could be that cholesteatoma
itself, despite causing erosion, still provides a protective
cover over the erosion mitigating symptoms such as vertigo
and hearing loss at the time of presentation, and patients
may start showing symptoms only after its removal. Another
possible explanation might be there was no control over the
data recorded since our study was a retrospective collection
of information from patient files and we assumed that lack of
documentation implied a negative test. In many cases, there
was no documentation of the fistula test, which might also
explain the lower rate of positive fistula test.

In our study we preferred the Dornhoffer [12] classifica-
tion over those given by Sanna [22], Palva [21] and Quaranta
[14]. Palva classification (1986) classifies the fistula into 4
types based on the amount of erosion noted. Sanna clas-
sification (1988) is the simplest based only on the size of
the fistula, with definitions for small (0.5-1 mm), medium
(1-2 mm) and large (>2 mm) [22]. Dornhoffer (1995) is a
slightly simplified version of Palva, also based on the ero-
sion of bony labyrinth or the membranous labyrinth [12,
21]. It is a three-point classification system emphasizing the
degree of involvement of the labyrinth. In this system, a type
I fistula is considered to be an erosion of the bony labyrinth
with an intact endosteum. A type II fistula is a true fistula
with an opened perilymphatic space. A type III fistula is an
opened perilymphatic space with concomitant involvement
or destruction of the underlying membranous labyrinth.

Quaranta (2008) is the latest classification and it com-
bines the size and the position of the fistula in the inner
ear such as vestibule or cochlea or semicircular canals or
the stapes footplate [14]. Dornhoffer classification is widely
used. This classification may correlate better with deafness;
chance of deafness increases with increasing classification
type [12]. The majority of the fistulas (45%) in our study
were of type III in the Dornhoffer classification. There is
no clear consensus as to which type is most common, with
different studies reporting and using different classifications.
In general, higher grade fistulas such as type II and III are
found to be diagnosed and reported more often, and some
authors consider only types II and III as real fistulas [13,
23, 24].

Two operative techniques namely complete removal of
cholesteatoma with the matrix and matrix preservation have
led to contentious discussions. Traditionally surgeons left
the matrix over the fistula to preserve the existing level of
hearing without opening the labyrinth, but taking the risk
of leaving a potential source of bone resorption, suppura-
tive labyrinthitis and residual disease [7, 25]. This method
was modified by others wherein the matrix was removed
during a second stage surgery variously at 6 or 12 months
later followed by immediate repair with previously harvested
autologous tissue [26]. In the recent years though total eradi-
cation of the cholesteatoma in a one-stage surgery has been
favored, wanting to prevent bone resorption and residual
disease [14, 27]. Sana and others advocated the usage of the
size of the fistula when deciding for the type of technique
namely total removal of matrix in closed technique for a fis-
tula of less than 2 mm, and matrix left in place with a canal
wall down procedure for a fistula of more than 2 mm [18,
22]. But the removal of cholesteatoma matrix regardless of
the size of the fistula always carries the risk of dead ear [7].

A systematic review from 2017 showed no difference in
hearing preservation between matrix removal and matrix
preservation. An analysis of the individual cohort studies
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in the review comparing the two procedures did not show
a difference in odds ratio of hearing preservation [10]. The
review also shows that an overwhelming majority of sur-
geons prefer to remove the matrix completely, opting for
disease clearance in accordance with the general rule that
direct suctioning at the defect is forbidden. The go-to surgi-
cal technique explained in many studies is removal of the
cholesteatoma up to the matrix, when the fistula is identi-
fied. The removal of the matrix over the fistula is done as a
last step, when the matrix is gently peeled while avoiding
accidental suctioning of the perilymph. The fistula is closed
with bone dust, fibrin glue and/or temporal fascia.

There are very few retrospective studies comparing cho-
lesteatoma removal while leaving the matrix intact and
complete cholesteatoma matrix removal [22, 28, 29]. Most
of these studies do not give details about residual disease
or cholesteatoma recurrence. Meyer et al. in 2015 reported
a residual rate of 19%, Geerse et al. in 2017 reported a
recurrence rate of 14% across a median follow-up rate of
18 months, and although a residual cholesteatoma of 4% was
reported, none of them where at the site of fistula [9, 30].
Both groups did a complete removal of the cholesteatoma
matrix.

The technique of dissecting the matrix under a fluid
level is rarely mentioned in published research. As far as
we know, this is the only cohort to explore the effects of an
alternative “under-water” technique as opposed to the two
techniques often cited in the literature, demonstrating a clear
success rate in preserving postoperative hearing.

Yamauchi et all in 2014 describe for the first time the
under-water dissection of the matrix with endoscope using
saline water as a case report [11]. Misale et al. (2019)
reported a procedure called ‘hydrodissection’, where 30
patients were operated and the matrix overlying the fistula
was removed under constant irrigation of saline, followed
by repair with bone wax and/or autologous tissue [4]. The
authors concluded that removal of the matrix under constant
irrigation is sufficient to preserve cochlear and vestibular
symptoms. Neither of the two papers mention residual or
recurrent cholesteatoma rates, wherein our study showed a
recurrence rate of 20% (n=4), with none of them occurring
at the site of the fistula, thus allowing to assume that we had
no residual cholesteatoma.

The rationale hypothesized for operating under fluid level
is to protect the inner ear from unexpected aeration unset-
tling the ion balance of the endolymph that may damage the
inner ear function [31]. The other advantage is that operating
under constant irrigation of fluids helps to prevent accidental
perilymph suction and damage to the membranous labyrinth
[4]. Fluid used for the “under water” technique was modi-
fied in our study by adding corticosteroids and antibiotics
to the saline solution. The benefits of usage of corticoster-
oids locally in the ear has been extensively discussed and
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suggested [32, 33]. In addition, we also believe that local
usage of antibiotics may help reduce post-operative infec-
tions such as labyrinthitis. Alternatively, a solution based
on artificial perilymph could be a viable option for this
technique. The usage of artificial perilymph mimicking
the natural cochlear environment, would sustain cochlear
homeostasis as suggested by Wangemann and Schacht [34].

Another age-old debate to be mentioned is canal wall
down versus canal wall up technique. Although canal wall
down technique has been used as a standard traditionally
in case of labyrinthine fistula, canal wall up has been sug-
gested more recently whenever possible, since the choice
of the technique does not seem to influence the hearing
outcome [35, 36]. Generally in case of cholesteatoma sur-
geries literature shows that disease recurrence rate is lower
when canal wall down technique is used [37, 38]. There
is not much in the literature comparing these two tech-
niques specific to labyrinthine fistula. Meyer et al. (2016)
although advocate for a closed technique, the majority of
patients (80%) in their cohort were still operated using
canal wall down technique. Canal wall down technique
was adopted as a standard by us when closing fistulas
because of well documented lower recurrence rates and
since it offers easier access to the fistula and more working
space especially when operating under a fluid level.

Standard use of intravenous corticosteroids in the treat-
ment of labyrinthine fistula was adopted as early the 90 s
and their beneficial effect has been to various levels of suc-
cess demonstrated in the literature starting with Dornhof-
fer and Milewski [12]. Gocea et al. in 2012 and Albu et al.
in 2013 demonstrated statistically significant improvement
in hearing outcomes in their patients treated with systemic
corticosteroids. Gocea et al. however had a small number
of cases in the control group making meaningful com-
parisons difficult and Albu et al. found that the steroid
treatment lost its significance in logistic analysis [23, 39].
Geese et al. in 2017 found no statistical difference in their
study in direct comparison to other studies [9]. Thus in
spite of being a standard treatment it is difficult to ascer-
tain the benefits of treatment with intravenous corticoster-
oids and more studies are necessitated.

Conclusion

The labyrinthine fistula from cholesteatoma does not
always present with vertigo or positive fistula test as pos-
tulated till now. High resolution CT scan is an important
pre-operative diagnostic tool in diagnosing labyrinthine
fistula. The “under water” technique where in the matrix
is removed under a fluid level is a viable alternative in
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preserving inner ear function to other two techniques used
till now.

Funding Open Access funding enabled and organized by Projekt
DEAL.

Declarations

Conflict of interest None.

Ethical approval The authors assert that all procedures contributing to
this work comply with the ethical standards of the Helsinki Declara-
tion.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Louw L (2010) Acquired cholesteatoma pathogenesis: stepwise
explanations. J Laryngol Otol 124(6):587-593

2. Suchozebrska-Jesionek D, Szymanski M, Kurzepa J, Gotabek W,
Stryjecka-Zimmer M (2008) Gelatinolytic activity of matrix metal-
loproteinases 2 and 9 in middle ear cholesteatoma. J Otolaryngol
Head Neck Surg 37(5):628-632

3. Mustafa A, Kugi S, Behramaj A (2014) Management of cholestea-
toma complications: our experience in 145 cases. Indian Journal of
Otology 20(2):45

4. Misale P, Lepcha A, Chandrasekharan R, Manusrut M (2019) Laby-
rinthine fistulae in squamosal type of chronic otitis media: therapeu-
tic outcome. Iran J Otorhinolaryngol 31(104):167-172

5. Sagar P, Devaraja K, Kumar R, Bolu S, Sharma SC (2017) Cho-
lesteatoma induced labyrinthine fistula: is aggressiveness in
removing disease justified? Indian J Otolaryngol Head Neck Surg
69(2):204-209

6. Rosito LP, Netto LS, Teixeira AR, da Costa SS (2015) Hearing
impairment in children and adults with acquired middle ear cho-
lesteatoma: audiometric comparison of 385 ears. Otol Neurotol
36(8):1297-1300

7. Ritter FN (1970) Chronic suppurative otitis media and the pathologic
labyrinthine fistula. Laryngoscope 80(7):1025-1035

8. Utech H (1959) A contribution to the therapy of labyrinth fistulae.
HNO 7:349

9. Geerse S, de Wolf MJF, Ebbens FA, van Spronsen E (2017) Manage-
ment of labyrinthine fistula: hearing preservation versus prevention
of residual disease. Eur Arch Otorhinolaryngol 274(10):3605-3612

10. LimJ, Gangal A, Gluth MB (2017) Surgery for cholesteatomatous
labyrinthine fistula. Ann Otol Rhinol Laryngol 126(3):205-215
11. Yamauchi D, Yamazaki M, Ohta J, Kadowaki S, Nomura K, Hidaka

H et al (2014) Closure technique for labyrinthine fistula by “under-
water”” endoscopic ear surgery. Laryngoscope 124(11):2616-2618

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Dornhoffer JL, Milewski C (1995) Management of the open laby-
rinth. Otolaryngol Head Neck Surg 112(3):410414

Rosito LPS, Canali I, Teixeira A, Silva MN, Selaimen F, Costa SSD
(2019) Cholesteatoma labyrinthine fistula: prevalence and impact.
Braz J Otorhinolaryngol 85(2):222-227

Quaranta N, Liuzzi C, Zizzi S, Dicorato A, Quaranta A (2009)
Surgical treatment of labyrinthine fistula in cholesteatoma surgery.
Otolaryngol Head Neck Surg 140(3):406—411

Gersdorff MC, Nouwen J, Decat M, Degols JC, Bosch P (2000)
Labyrinthine fistula after cholesteatomatous chronic otitis media.
AmJ Otol 21(1):32-35

McCabe BF (1984) Labyrinthine fistula in chronic mastoiditis. Ann
Otol Rhinol Laryngol Suppl 112:138-141

Soda-Merhy A, Betancourt-Sudrez MA (2000) Surgical treatment
of labyrinthine fistula caused by cholesteatoma. Otolaryngol Head
Neck Surg 122(5):739-742

Sheehy JL, Brackmann DE (1979) Cholesteatoma surgery: manage-
ment of the labyrinthine fistula—a report of 97 cases. Laryngoscope
89(1):78-87

Parisier SC, Edelstein DR, Han JC, Weiss MH (1991) Management
of labyrinthine fistulas caused by cholesteatoma. Otolaryngol Head
Neck Surg 104(1):110-115

Herzog JA, Smith PG, Kletzker GR, Maxwell KS (1996) Manage-
ment of labyrinthine fistulae secondary to cholesteatoma. Am J Otol
17(3):410-415

Palva T, Johnsson LG (1986) Preservation of hearing after removal
of the membranous canal with a cholesteatoma. Arch Otolaryngol
Head Neck Surg 112(9):982-5

Sanna M, Zini C, Gamoletti R, Taibah AK, Russo A, Scandellari R
(1988) Closed versus open technique in the management of labyrin-
thine fistulae. Am J Otol 9(6):470-475

Albu S, Amadori M, Babighian G (2013) Predictors of hearing pres-
ervation in the management of labyrinthine fistulas positioned on the
semicircular canals. Ann Otol Rhinol Laryngol 122(8):529-534
Stripf T, Jecker P, Maurer J, Mann W (2003) Horergebnisse nach
verschluss von labyrinthfisteln bei patienten mit cholesteatomen.
HNO 51(4):310-314

Freeman P (1978) Fistula of the lateral semicircular canal. Clin Oto-
laryngol Allied Sci 3(3):315-321

Romanet P, Duvillard C, Delouane M, Vigne P, De Raigniac E,
Darantiere S et al (2001) Labyrinthine fistulae and cholesteatoma.
Ann Otolaryngol Chir Cervicofac 118(3):181-186

Ikeda R, Kobayashi T, Kawase T, Oshima T, Sato T (2012) Risk
factors for deterioration of bone conduction hearing in cases of
labyrinthine fistula caused by middle ear cholesteatoma. Ann Otol
Rhinol Laryngol 121(3):162-167

Magliulo G, Terranova G, Varacalli S, Sepe C (1997) Labyrinthine
fistula as a complication of cholesteatoma. Am J Otol 18(6):697-701
Kitahara T, Kamakura T, Ohta Y, Morihana T, Horii A, Uno A et al
(2014) Chronic otitis media with cholesteatoma with canal fistula
and bone conduction threshold after tympanoplasty with mastoid-
ectomy. Otol Neurotol 35(6):981-988

Meyer A, Bouchetemblé P, Costentin B, Dehesdin D, Lerosey
Y, Marie JP (2016) Lateral semicircular canal fistula in chole-
steatoma: diagnosis and management. Eur Arch Otorhinolaryngol
273(8):2055-2063

Ikeda R, Nakaya K, Oshima T, Kawase T, Kobayashi T (2011)
Preventative effect of various fluids used in the epitympanic bulla
on deterioration of cochlear function during labyrinthectomy. Acta
Otolaryngol 131(6):572-578

Chandrasekhar SS, Tsai Do BS, Schwartz SR, Bontempo LJ,
Faucett EA, Finestone SA et al (2019) Clinical practice guide-
line: sudden hearing loss (update). Otolaryngol Head Neck Surg
161(1_suppl):S1-S45

Liebau A, Plontke SK (2015) Local drug therapy for inner ear hear-
ing loss. HNO 63(6):396-401

@ Springer


http://creativecommons.org/licenses/by/4.0/

3362

European Archives of Oto-Rhino-Laryngology (2022) 279:3355-3362

34.

35.

36.

37.

38.

Wangemann P, Schacht J (1996) Homeostatic mechanisms in the
cochlea. Springer, The cochlea, pp 130-185

Sanna M, Zini C, Bacciu S, Scandellari R, Delogu P, Jemmi G
(1984) Management of the labyrinthine fistula in cholesteatoma
surgery. ORL J Otorhinolaryngol Relat Spec 46(3):165-172
Vanclooster C, Debruyne F, Vantrappen G, Desloovere C, Feenstra
L (1997) Labyrinthine fistulae: a retrospective analysis. Acta Otorhi-
nolaryngol Belg 51(2):119-121

Kerckhoffs KG, Kommer MB, van Strien TH, Visscher SJ, Bruijn-
zeel H, Smit AL et al (2016) The disease recurrence rate after the
canal wall up or canal wall down technique in adults. Laryngoscope
126(4):980-987

Wilkie MD, Chudek D, Webb CJ, Panarese A, Banhegyi G (2019)
Canal wall down mastoidectomy with obliteration versus canal wall

@ Springer

39.

up mastoidectomy in primary cholesteatoma surgery. J Laryngol
Otol 133(12):1074-1078

Gocea A, Martinez-Vidal B, Panuschka C, Epprecht P, Cabal-
lero M, Bernal-Sprekelsen M (2012) Preserving bone conduction
in patients with labyrinthine fistula. Eur Arch Otorhinolaryngol
269(4):1085-1090

Publisher's Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.



	Post-operative hearing among patients with labyrinthine fistula as a complication of cholesteatoma using “under water technique”
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Preoperative procedures
	Surgical technique
	Post-operative procedures
	Statistical analysis

	Results
	Demographics
	Intraoperative findings
	Postoperative outcome
	Pre and post-operative vestibular function

	Discussion
	Conclusion
	References




