
Systematic Review and Meta-Analysis
Presentation, Management, and Hearing Outcomes of
Labyrinthine Fistula Secondary to Cholesteatoma: A Systematic

Review and Meta-analysis

*Michele Tomasoni, *Mara Arcuri, *Isabelle Dohin, *Silvia Zorzi, †Daniele Borsetto, *Cesare Piazza,
*‡Luca Oscar Redaelli de Zinis, *Tommaso Sorrentino, and *Alberto Deganello

*Department of Otolaryngology–Head and Neck Surgery, ASST Spedali Civili, University of Brescia, Brescia, Italy; †Department of ENT
Surgery, Cambridge University Hospitals, Cambridge, UK; and ‡Department of Pediatric Otolaryngology–Head Neck Surgery, Children

Hospital ASST Spedali Civili, University of Brescia, Brescia, Italy
Objective: The current study systematically reviewed the literature to
compare auditory outcomes of patients treated for labyrinthine fistula
(LF) based on characteristics of disease and surgical management.
Databases Reviewed: PubMed, Scopus, Web of Science.
Methods:Original series (at least five cases) published from 2000
reporting management and hearing results of LF secondary to
cholesteatoma were included. Proportion and odds-ratio (OR)
meta-analyseswere conducted through inverse variance random-effects
models based on logit transformation.
Results: The prevalence of LF is estimated to be 7% (95% confi-
dence interval [CI], 5–9%). Fistulae involving the lateral semicircular
canal (90%; 95% CI, 87–93%) and larger than 2 mm (53%; 95%
CI, 43–64%) were common, whereas membranous involvement
was less frequent (20%; 95% CI, 12–30%). Complete removal of
the cholesteatoma matrix overlying the LF was mostly applied. Bone
conduction (BC) preservation was frequently achieved (81%; 95%
CI, 76–85%); new-onset postoperative anacusis was rarely reported
(5%; 95% CI, 4–8%). A higher chance of BC preservation was
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associated with sparing the perilymphatic space (OR, 4.67; 95% CI,
1.26–17.37) or membranous labyrinth (OR, 4.56; 95% CI, 2.33–8.93),
exclusive lateral semicircular canal involvement (OR, 3.52; 95% CI,
1.32–9.38), smaller size (<2 mm; OR, 3.03; 95% CI, 1.24–7.40),
and intravenous steroid infusion (OR, 7.87; 95% CI, 2.34–26.42).
Conclusion: LFoccurs in a significant proportion of patients with
cholesteatoma. In the past two decades, complete removal of the
cholesteatoma matrix followed by immediate sealing has been fa-
vored, supported by the high proportion of BC preservation. Hear-
ing preservation depends primarily on characteristics of the LF,
and specific surgical strategies should be pursued. Intraoperative
and postoperative intravenous steroid infusion is recommended.
Key Words: Cholesteatoma—Fistula—Hearing, bone conduction—
Labyrinth, bony—Labyrinth, membranous—Labyrinth, vestibule—
Mastoidectomy—Semicircular canals—Sensorineural hearing loss—
Tympanoplasty.
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INTRODUCTION

Labyrinthine fistula (LF) is an intratemporal complication
of acquired cholesteatoma. The lateral semicircular canal
(LSCC) is generally the most frequently involved subsite.
Despite thorough clinical examination and modern imag-
ing techniques, definitive preoperative diagnosis of LF is
not always possible, and the classic signs and symptoms
related to LF are highly variable and neither sensitive nor
specific. Numerous classifications have been proposed
to describe the extent of LF, mainly according to size (1–3)
and bony and membranous labyrinth involvement (4–6).
The management of LF secondary to cholesteatoma is
controversial. The main points of discussion include indica-
tion for open mastoid cavity and for complete removal of the
cholesteatoma matrix to achieve the best balance of radicality,
auditory outcome, and best long-term control. Over the years,
new strategies have emerged (7–9), and the protective role
of intravenous (i.v.) steroid infusion has been advocated
(6,10,11). The purpose of this study is to compare auditory
outcomes of patients treated for LF based on characteristics
of disease and surgical management. In addition, the study
systematically examines the most relevant clinical features
of LF at presentation, as well as intraoperative characteris-
tics and related surgical strategies used.

MATERIALS AND METHODS

Article Collection
A systematic review of the literature was conducted according

to the Preferred Reporting Items for Systematic Reviews and
zed reproduction of this article is prohibited.
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Meta-Analyses statement (12) and the position paper byMcRackan
et al. (13). The search was conducted on PubMed, Scopus, andWeb
of Science online databases, and updated to October 18, 2021. The
following query “labyrinthine OR (horizontal OR lateral AND
(semicircular canal)) AND (dehiscence OR fistula OR erosion)
AND cholesteatoma” was used to collect all the articles describing
LF secondary to cholesteatoma. In addition, the references of both the
original series included in this study and the literature reviews on the
topic found through the literature searchwere carefully screened. Two
authors (M.A. and M.T.) independently screened the titles and ab-
stracts of the studies included, discarding articles according to specific
inclusion and exclusion criteria (Fig. 1). Discrepancies were clarified
by discussion between authors and consultationwith a senior otologic
surgeon (T.S.).
Eligibility Criteria
The participants, interventions, comparisons, outcomes, timings,

and study design (PICOTS) model was adopted (Supplementary
Table 1, http://links.lww.com/MAO/B515) (14). Studies were included
according to the following criteria: (a) original series reporting data on
the treatment of LF secondary to cholesteatoma, (b) at least five con-
secutive cases, (c) published after 2000, and (d ) availability of pre-
operative and postoperative hearing performance, minimally
reporting change in the average bone conduction (BC), proportion
of patients with unchanged/improved hearing or new-onset
FIG. 1. PRISMA flowchart. PRISMA indicates Preferred Reporting Items

Copyright © 2022 Otology & Neurotology, Inc. Un
postoperative anacusis. Exclusion criteria were as follows: (a)
case reports, (b) non-English language studies, and (c) studies
reporting data exclusively on cochlear fistula. Moreover, articles
were screened for duplicated original data from the same center;
the largest and most recent publication was always considered.

Quality Assessment
The quality assessment of each study included was independently

estimated by two authors (M.A. and M.T.) through the Newcastle–
Ottawa Scale adapted for cross-sectional, cohort, and case–control
studies (15). In case of discrepancies, a definitive evaluation was
reached by discussion and consultation with a senior author (A.D.).

Data Collection and Statistical Analysis
The most relevant characteristics on study design, population

(country, period of observation, sex, and mean age), preoperative
radiological accuracy, clinical presentation, surgery, LF extension
and location, surgical management, and auditory outcomes were
collected in a dedicated database.

If not explicitly stated, depth of fistulawas defined according to
Dornhoffer and Milewski (6) or Palva and Ramsay (5) classifica-
tions, as follows (Fig. 2):

- blue line, intact endosteum (Dornhoffer type I, Palva stages I
and II);
for Systematic Reviews and Meta-Analyses.
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FIG. 2. Dornhoffer and Milewski, and Palva and Ramsay classifications of fistula extension to bony and membranous labyrinth.
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- bony fistula, erosion of bony labyrinth endosteum (Dornhoffer
type II, Palva stage III); and

- membranous fistula, involvement of membranous labyrinth
(Dornhoffer type III, Palva stage i.v.).

Studies reporting details on Dornhoffer subclassification into
types IIa and IIb were included to summarize the effect of disturbed
perilymphatic space on hearing outcome.

Large fistulaewere defined according to either two or three mm
cutoffs (1–3).

Postoperative hearing preservation/improvement was defined
asmaintaining a BCwithin 10 dB comparedwith preoperative values
by all studies, except for three studies using 5- and 20-dB cutoffs
(16–18).

The primary outcome was to determine the prevalence of LF
and to quantify the effect on hearing preservation and the odds of
postoperative anacusis according to fistula characteristics (extension
to perilymphatic space and membranous labyrinth, involvement of
subsites other than LSCC, size) and management (intraoperative ste-
roid infusion). When considering the outcomes of hearing preserva-
tion improvement, patients with preoperative anacusis were excluded.

The secondary outcome was to calculate the pooled proportion
of the most relevant preoperative and postoperative features, namely,
sex, computed tomographic scan accuracy, clinical presentation
(dizziness-vertigo, tinnitus, otorrhea, otalgia, hypoacusis, concurrent
facial palsy, positive fistula sign), membranous labyrinth involve-
ment, fistula location, size, and preoperative and postoperative hear-
ing performance. Moreover, a review of the different intraoperative
strategies was conducted.

Proportion and odds-ratio (OR) meta-analyses were conducted
through inverse variance random-effects models based on logit trans-
formation and presented as Forest plots. The pooled proportion and
OR estimates and corresponding 95% confidence intervals (CIs) were
Otology & Neurotology, Vol. 43, No. 10, 2022
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calculated according to the random-effectsmodels of DerSimonian and
Laird (19). For each study, proportions, and OR are depicted as gray
squares, and relative 95% CI as horizontal lines. The weight of each
study on the overall effect estimate is reported and represented by the
square size. The pooled proportions and OR estimates with relative
95%CI are depicted as black diamonds at the bottomof the Forest plot.
Heterogeneity between studies was assessed with Higgins I2 and τ2

tests, defined as low if I2 was less than 25%, moderate if between 25
and 50%, and substantial if greater than 50% (20). Publication
bias was assessed through funnel plot and Egger's test (21,22).

Statistical analysis was performed with R (version 4.1.2; R foun-
dation for Statistical Computing, Vienna, Austria): packages “meta”
and “metafor.” Statistical significance was defined as p < 0.05.
RESULTS

Article Collection and Quality Assessment
The bibliographic search returned 457 titles: 160 from

PubMed, 150 from Scopus, and 147 from Web of Science.
A total of 232 records screened through title and abstract
evaluation after duplicates removal (n = 225). Fifty-three
full-text articles were assessed for eligibility. Nineteen arti-
cleswere excluded because they did not report auditory find-
ings (n = 8), reported data not from original series (n = 6) or
on fewer than five patients (n = 2), exclusively described pa-
tients with cochlear fistulas (n = 2), or had the full text not in
English (n = 1). Thirty-four articles met the inclusion criteria
and were considered appropriate for the current systematic
review (Table 1). Further details are available in the flow-
chart reported in Figure 1.
zed reproduction of this article is prohibited.
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According to theNewcastle–Ottawa Scale, the overall qual-
ity of the included studies was good (median value of 7.2;
range, 6–8). Details are reported in Supplementary Table 2,
http://links.lww.com/MAO/B515. Most studies were retro-
spective unicentric series. A prospective or combined retro-
spective and prospective data collection was conducted in
only three studies (8.8%) (7,16,30), whereas (5.9%)multicen-
ter experience was reported in two studies (10,34).

Study Population, Preoperative Radiological, and
Clinical Evaluation

The number of operations for cholesteatoma during the
period of observation was reported by most studies (2,7,9,
10,17,18,23–36,38,40–42,45–47). Overall, on 13,554
operations for cholesteatoma, the pooled prevalence of LF
was 7% (95% CI, 5–7%; I2 = 89%). Among 947 patients
TABLE 1. Most relevant study and patients-related det

Study Characteristics

Author Publication Year Country
Study
Design

Period
Observ

Soda-Merhy and
Betancourt-Suárez (17)

2000 Mexico R U 1985–1

Manolidis (2) 2000 United Stated R U N.S
Gersdorff et al. (23) 2000 Belgium R U 1986–1
Kvestad et al. (24) 2001 Norway R U 1986–1
Ahmad and East (25) 2002 United Kingdom R U 1987–1
Magliulo et al. (16) 2008 Italy P U 1996–2

Quaranta et al. (26) 2009 Italy R U 2001–2
Ueda et al. (27) 2009 Japan R U 1995–2
Chen et al. (28) 2010 China R U 2003–2
Sari et al. (29) 2010 Turkey R U 1988–2
Faramarzi et al. (30) 2010 Iran P U 2003–2
Yamamoto et al. (31) 2010 Japan R U 2001–2

Stephenson and Saliba (32) 2011 Canada R U 2004–2
Gocea et al. (11) 2011 Spain R U 1997–2
Moon et al. (33) 2011 Korea R U 1991–2
Ghiasi (18) 2011 Iran R U 2003–2

Ikeda et al. (34) 2012 Japan R M 1998–2
Albu et al. (10) 2013 Italy R M 1990–2

Katsura et al. (35) 2013 Japan R U 1996–2
Jang et al. (36) 2013 Korea R U 2005–2

Cho et al. (37) 2014 Korea R U 2005–2
Meyer et al. (38) 2015 France R U 1993–2
Bo et al. (39) 2015 China R U 2008–2
Dispenza (40) 2015 Italy R U 2011–2
Geerse et al. (41) 2017 The Netherlands R U 2002–2
Sagar et al. (42) 2017 India R U 2011–2
Rah et al. (43) 2018 Korea R U 2010–2
Baylan et al. (44) 2018 Turkey R U 2013–2

Rosito et al. (45) 2018 Brazil R U 2000–2
Basu and Hamilton (8) 2019 United Kingdom R U 2005–2
Misale et al. (46) 2019 India R U 2014–2

Balci et al. (47) 2019 Turkey R U 2008–2
Bartochowska et al. (7) 2021 Poland P, R U 2015–2
Thangavelu et al. (9) 2021 Germany R U 2013–2

BC, bone conduction; N.S., not specified; P, prospective; R, retrospective.

Copyright © 2022 Otology & Neurotology, Inc. Un
affected by LF, a slight male prevalence was observed
(pooled proportion, 55%; 95% CI, 51–59%; I2 = 41%).
Mean and median ages at diagnosis were quite heteroge-
neous, reported to be in the fourth decade by 7 studies
(17,24,29,32,39,46,47), in the fifth by 9 (7,9,16,23,25,28,38,
41,45), and in the sixth by 10 (10,11,26,27,31,33–35,37,43).

Most studies reported data on the accuracy of imaging,
with a pooled proportion of preoperative LF detection of 82%
(95% CI, 69–91%; I2 = 82%). Data on clinical presentation
showed a pooled proportion of reported dizziness-vertigo of
54% (95% CI, 48–60%; I2 = 53%), tinnitus of 29% (95% CI,
18–44%; I2 = 82%), and otalgia of 29% (95% CI, 18–43%;
I2 = 74%). Hearing loss was reported by almost all patients
(95%; 95%CI, 90–98%; I2 = 75%).Clinical evaluation showed
a pooled proportion of otorrhea of 75% (95% CI, 67–82%;
I2 = 63%), positive fistula test of 29% (95% CI, 21–38%;
ails of each study included in the systematic review

Population Characteristics

of
ation

Primary/
Recurrent

Overall
No. of

Operations

No. of
Patients

with Fistula

No. of
Ears

Operated Male

Age at Surgery
(yr), Mean
(Range), yr

997 Both 360 27 27 11 37.3

. Both 111 23 25 N.S. N.S.
996 Primary 769 54 54 30 40.8 (6–83)
999 N.S. 631 20 20 10 37
999 N.S. 382 25 25 12 45.2 (10–81)
006 N.S. N.S. 14 14 5 44.5 (28–66)

007 Primary 361 46 46 19 54.6 (16–86)
005 N.S. 561 31 31 17 56
007 N.S. 600 22 22 12 46.7 (27–68)
007 N.S. 582 33 33 17 37.2
008 Primary 462 24 24 N.S. N.S.
009 N.S. 197 22 22 10 56.7 (12–86)

009 N.S. 317 28 28 16 38 (7–76)
008 N.S. N.S. 31 31 16 50.3 (20–74)
007 N.S. 778 38 38 27 51.6
008 Both 108 16 16 10 27.18

009 Both 589 47 47 19 53.5 (13–83)
010 Both 1,587 97 97 50 52.4

010 N.S. 1,197 14 14 6 58 (50–72)
012 N.S. 720 17 17 8 (21–76)

011 N.S. N.S. 23 23 10 55.6 (37–67)
013 Both 695 42 42 29 40.8 (4–76)
013 N.S. N.S. 35 35 17 37.03 (8–75)
014 Primary 57 8 8 N.S. N.S.
015 Both 690 44 45 25 49 (16–76)
015 Primary 81 14 14 N.S. N.S.
016 N.S. N.S. 43 43 31 55.7 (23–79)
017 N.S. N.S. 23 23 23 11

016 Primary 333 9 8 5 44.40
017 N.S. N.S. 36 36 N.S. N.S.
016 Both 275 30 30 25 34 (18–72)

014 N.S. 188 32 32 22 37.1 (17–56)
020 Both 465 38 38 18 47
019 N.S. 458 20 20 13 45

Otology & Neurotology, Vol. 43, No. 10, 2022
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I2 = 72%), and concurrent facial palsy of 9% (95% CI,
7–13%; I2 = 25%). Publication bias was frequently ob-
served. Forest and funnel plots are reported in Supplemen-
tary Figures 1–10, http://links.lww.com/MAO/B515.
Characteristics of LFs and Surgical Management
Although rather variable, canal wall down (CWD) or rad-

ical mastoidectomy were the most common procedures per-
formed in most studies (2,9,10,16–18,24–32,34–40,42,
43,47), with a pooled proportion of 88% (95% CI, 79–94%;
I2 = 81%). LFsweremost frequently located on theLSCC,with
a pooled proportion of 90% (95% CI, 87–93%; I2 = 46%).
The occurrence of multiple fistulas involving LSCC and
other labyrinthine subsites was described in 11% of cases
(95% CI, 8–14%; I2 = 25%). Membranous labyrinth involve-
ment (Dornhoffer type III, Palva stage i.v.) was encountered in
20% of cases (95% CI, 12–30%; I2 = 75%); 53% of fistulae
TABLE 1. Most relevant study and patients-related details o

Fistula Management

Matrix Removal
Material

Used for Sealing i.v. Steroid
Frequencie

(kHz)

26/27 (96.3%) Multiple No N.S.

N.S. N.S. No N.S.
52/54 (96.3%) Multiple Yes 0.5, 1, 2,
12/20 (60%) Fascia + bone chip No 0.5, 1, 2,
25/25 (100%) Multiple No N.S.
14/14 (100%) Fascia + bone dust, pate orwax Yes (14/14) 0.25–4
45/46 (97.8%) Multiple No 0.5, 1, 2,
31/31 (100%) Multiple No 0.5, 1, 2
22/22 (100%) Muscle + bone dust + fascia Yes (22/22) 0.5, 1, 2,
31/33 (93.9%) Fascia + cartilage Yes (33/33) 0.5, 1, 2,

N.S. Multiple No 0.5, 1, 3
22/22 (100%) Fascia + bone pate +

bone chip
No 0.5, 1, 2,

28/28 (100%) N.S. No 0.5, 1, 2, 3
31/31 (100%) Bone dust + cartilage Yes (26/31) 0.5, 1, 2,
38/38 (100%) Multiple No 0.5, 1, 2,

Fascia + bone dust,
pate or wax

No 0.5, 1, 2 N.S.

46/47 (97.9%) Fascia + bone chip No 1, 2, 4
97/97 (100%) Fascia + bone dust, pate orwax Yes (52/97) 0.5, 1, 2,
14/14 (100%) Fascia + cartilage No 0.5, 1, 2,
17/17 (100%) Fascia + bone dust, pate orwax Yes (17/17) 0.5, 1, 2,
23/23 (100%) Fascia No 0.5, 1, 2,
42/42 (100%) Multiple No 0.5, 1, 2,
35/35 (100%) Fascia No 0.5, 1, 2, 4
3/8 (37.5%) N.S. No 0.25, 0.5, 1,
45/45 (100%) N.S. No 1, 2, 4
14/14 (100%) N.S. No 0.5, 1, 2,
43/43 (100%) Fascia + cartilage No 0.5, 1, 2,
24/24 (100%) Fascia + bone dust,

pate or wax
No 0.5, 1, 2,

7/8 (87.5%) Fascia + bone pate Yes (8/8) 0.5, 1, 2, 3
36/36 (100%) Fascia + fibrin tissue glue No 0.5, 1, 2,
30/30 (100%) Fascia + bone dust, pate orwax No 0.5, 1, 2,
32/32 (100%) Fascia Yes (32/32) 0.5, 1, 2,
38/38 (100%) Multiple Yes (20/38) 0.5, 1, 2,
20/20 (100%) Fascia + bone pate Yes (20/20) 0.25, 0.5, 1

4, 8
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were larger than 2 mm (95% CI, 43–64%; I2 = 68%), and
23% were larger than 3 mm (95% CI, 17–31%; I2 = 34%).
Publication bias was frequently observed. Forest and funnel
plots are reported in Supplementary Figures 11–15, http://
links.lww.com/MAO/B515.

Among studies included, 24 (70.6%) reported that the
matrix was completely removed in all patients. In five stud-
ies (17,23,26,29,34), complete removalwas pursued in more
than 90% of cases, whereas in three studies (24,40,45), a
lower rate of patients with complete matrix eradication was
observed (Table 1). Most studies (79.4%) (7,9–11,16–18,
23–25,27–31,33–39,43–47) reported details on the intraop-
erative strategies for LF management. In these, careful matrix
removal at the end of the surgical procedure was immediately
followed by sealing of the LF. A wide range of repair tech-
niques and grafting was described. Most frequently, repair of
the fistula was conducted with fascia and bone dust, pate or
wax (eight studies) (9,10,16,18,36,44–46), only fascia (three
f each study included in the systematic review, Continued

Hearing Performance

s Preoperative
BC (dB)

Preoperative
Anacusis

Postoperative
BC (dB)

New-Onset
Postoperative
Anacusis

N.S. 4/27 (14.8%) N.S. 0/23 (0%)

N.S. 3/25 (12.0%) N.S. 0/22 (0%)
4 N.S. 5/54 (9.3%) N.S. 5/49 (10.2%)
4 19 (median) 4/20 (20.0%) 19.7 0/16 (0%)

N.S. 5/25 (20.0%) N.S. 2/20 (10%)
N.S. 0/14 (0%) N.S. 0/14 (0%)

3 34.5 2/46 (4.3%) 38.4 2/44 (4.5%)
N.S. 0/31 (0%) N.S. 0/31 (0%)

4 21.5 3/22 (13.6%) 18.5 0/19 (0%)
4 N.S. 1/33 (3.0%) N.S. 2/32 (6.2%)

22.6 5/24 (20.8%) 21.15 0/19 (0%)
4 29.2 (mean) 7/22 (31.8%) 33.8 (mean) 1/15 (6.7%)

, 4 23.2 (mean) 3/28 (10.7%) 24.5 (mean) N.S.
4 35 (mean) 0/31 (0%) 36 (mean) 2/31 (6.4%)
3 N.S. 10/38 (26.3%) N.S. 0/28 (0%)

1/16 (6.3%) N.S. 0/15 (0%)

30.6 (mean) 7/47 (14.9%) 33.5 (mean) 0/40 (0%)
4 21.5 (mean) 1/97 (1.0%) 19.5 (mean) 0/96 (0%)
4 26.3 (mean) N.S. 31.3 (mean) 0%
4 35.4 (mean) 0/17 (0%) 27.5 (mean) 0/17 (0%)
3 N.S. 2/23 (8.7%) N.S. N.S.
4 21.6 (mean) 1/42 (2.4%) 31 (mean) 4/41 (9.8%)
, 8 29.35 1/35 (2.9%) 22.4 0/34 (0%)
2, 4 39.4 (mean) N.S. 42.5 (mean) 0%

18.6 (mean) 11/45 (24.4%) 20.5 (mean) 2/34 (5.9%)
3 N.S. N.S. N.S. 0%
3 36.6 (mean) 5/43 (11.6%) 43.3 (mean) 0/38 (0%)
4 13 (median) 0/23 (0%) 14.5 (median) 0/23 (0%)

, 4 N.S. N.S. N.S. 0%
3 N.S. 0/36 (0%) N.S. N.S.
4 N.S. 9/30 (30.0%) N.S. 0/21 (0%)
4 20.8 (mean) 0/32 (0%) 21.8 (mean) 0/32 (0%)
3 29 (mean) 3/38 (7.9%) N.S. 2/35 (5.7%)
, 2, 20 (mean) 2/20 (10.0%) 17.5 (mean) 0/18 (0%)
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studies) (8,37,39,47), fascia and cartilage fragments (three
studies) (29,35,43), and fascia and bone chips (two studies)
(24,34). Multiple materials and techniques were used in nine
studies (7,17,23,25,27,29,30,33,38).

Auditory Outcomes
Most studies reported auditory outcomes providing the

mean BC either as the result of the thresholds at frequencies
0.5, 1, 2, and 3 kHz (7,8,26,33,37,42,43) as recommended,
or as the results of the thresholds at frequencies 0.5, 1, 2,
and 4 kHz (10,11,23,24,28,29,31,35,36,38,44,46,47) or 1,
2, and 4 kHz (34,41), which are considered comparable to
the standard set by the Committee on Hearing and Equilib-
rium guidelines (48,49).
Cohort average preoperative BC was provided in 19 stud-

ies (7,9–11,24,26,28,30–32,34,36,38–41,43,44,47), ranging
from 13 (44) to 39.4 dB (40). Preoperative anacusis was
found in 11% of patients (95% CI, 8–15%; I2 = 53%) (Sup-
plementary Fig. 16, http://links.lww.com/MAO/B515). Post-
operative BC was available in 18 articles (9–11,24,26,28,
30–32,34,36,38–41,43,44,47), ranging from 14.5 (44) to
43.3 dB (43). After exclusion of patients with preoperative
anacusis and those without follow-up data, the pooled pro-
portion of patientswith hearing preservation or improvement
after surgery was 81% (95%CI, 76–85%; I2 = 47%; Supple-
mentary Fig. 17, http://links.lww.com/MAO/B515).
New-onset postoperative anacusis was a rare occurrence

(pooled proportion, 5%; 95% CI, 4–8%; I2 = 0%; Supple-
mentary Fig. 18, http://links.lww.com/MAO/B515); when
observed (7,11,23,25,29,31,38,41), it did not exceed 10%
of cases (Table 1).
Meta-analysis of the effect of fistula extension on hear-

ing preservation revealed that the most significant predictor
was membranous labyrinth sparing (OR, 4.56; 95% CI,
2.33–8.93; I2 = 0%; Fig. 3A). Comparing fistulae without
membranous extension, no significant difference in hearing
outcomes was found between “blue lines” (intact endos-
teum) and bony fistulae (OR, 1.79; 95% CI, 0.71–4.51;
I2 = 0%; Fig. 3B). No significant difference emerged com-
paring Dornhoffer type I and IIa fistulae (OR, 1.39; 95%
CI, 0.24–8.08; I2 = 0%; Fig. 3C). In contrast, Dornhoffer
type IIa fistulae showed significant higher chance of hear-
ing preservation compared with type IIb fistulae (OR,
4.67; 95% CI, 1.26–17.37; I2 = 0%; Fig. 3D), suggesting
the detrimental effect of perilymphatic disturbance rather
than endosteum erosion alone.
Fistulae located on the LSCC (OR, 3.52; 95% CI,

1.32–9.38; I2 = 0%; Fig. 4A) and smaller fistulae, categorized
either as less than 2 mm (OR, 3.03; 95% CI, 1.24–7.40;
I2 = 0%; Fig. 4B) or less than 3 mm (OR, 6.15; 95% CI,
1.47–25.68; I2 = 0%; Fig. 4C), were associated with signifi-
cantly better hearing outcomes.
Eleven studies reported on the use of intraoperative steroids

(7,9–11,16,23,28,29,36,45,47), but only three described
auditory outcomes with complete matrix removal comparing
groups of patients receiving or not i.v. steroids (7,10,11). The
steroid infusion protocols of Albu et al. (10) and Gocea et al.
(11) were consistent with that proposed by Dornhoffer
and Milewski (intraoperative infusion of 500 mg of
Copyright © 2022 Otology & Neurotology, Inc. Un
methylprednisolone 20 min before matrix removal
and after surgery for 2 d) (6). Bartochowska et al. (7)
opted for a lower intraoperative dose (16 mg of dexa-
methasone), followed by 8 mg daily for at least 3 days
(mean, 5 d). Higher odds of BC preservation were
found when steroid infusion was performed (OR,
7.87; 95% CI, 2.34–26.42; I2 = 22%; Fig. 4D).

Postoperative occurrence of new-onset anacusis was signif-
icantly higher in case of involvement of the membranous lab-
yrinth (OR, 11.94; 95% CI, 3.07–46.45; I2 = 0%; Fig. 5A) or
subsites other than LSCC (OR, 15.60; 95% CI, 1.53–159.58;
I2 = 0%; Fig. 5B). A higher risk was observed for larger fistu-
lae (>2 mm) in the experience of Sari et al. (29) (cutoff,
2 mm), whereas no differencewas reported according to intra-
operative infusion of steroids by Albu et al. (10). For each
pooled OR estimate, no publication bias was detected at
funnel plot inspection and Egger's test (Supplementary
Figs. 19–21, http://links.lww.com/MAO/B515).

DISCUSSION

LF was a complication in 7% (95% CI, 5–9%) of patients
treated for chronic otitis media (COM) with cholesteatoma. In
the past two decades, complete removal of the cholesteatoma
matrix overlying the LF has been widely accepted. Except for
two studies, either because older (24) or smaller (40), all studies
reported to have completely removed the matrix in all patients
(7–11,16,18,25,27,28,31–33,35–39,41–44,46,47) or in the vast
majority (17,23,26,29,34,45). Complete matrix removal finds
support in the excellent proportion of BC preservation after sur-
gery (81%; 95% CI, 76–85%) and the low rate of new-onset
postoperative anacusis (5%; 95% CI, 4–8%).

Regarding clinical presentation, this was highly heteroge-
neous between studies. Hearing loss (95%; 95% CI, 90–98%)
and otorrhea (75%; 95% CI, 67–82%) were the most frequent
complaints, followed by dizziness (54%; 95% CI, 48–60%),
tinnitus (29%; 95% CI, 18–44%), and otalgia (29%; 95% CI,
18–43%). A nonnegligible rate of anacusis (11%; 95% CI,
8–15%) and concurrent facial nerve palsy (9%; 95% CI,
7–13%)was observed. Results of the fistula test were heteroge-
neous, with a pooled poor sensitivity. Fistulae involving the
LSCC (90%; 95% CI, 87–93%) and larger than 2 mm (53%;
95% CI, 43–64%) were common findings, whereas advanced
cases with membranous involvement were less frequently
observed (20%; 95% CI, 12–30%).

The radiological accuracy was overall good (82%; 95%
CI, 69–91%), but a high heterogeneity between studies
was observed, mostly because of poorer performance in
older and smaller series. Specifically, high-resolution com-
puted tomographic scan has been shown to be a very pre-
cise tool for detection of LF, and some features may even
help predicting membranous involvement with satisfactory
sensitivity and specificity (LF size >3.55 mm) (32).

Many fistula-related features were significantly associ-
ated with BC preservation. Although difficult to establish
intraoperatively, LF depth was associated with increased risk
of hearing impairment. The most significant predictor was
membranous labyrinth sparing (OR, 4.56; 95% CI, 2.33–8.93)
(Fig. 3D). When comparing fistulae without membranous
Otology & Neurotology, Vol. 43, No. 10, 2022
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FIG. 3. Forest plots reporting OR estimates on postoperative bone conduction hearing preservation/improvement according to depth of fistula
extension. (A) Fistulae with and without involvement of the membranous labyrinth; (B) blue line (bone erosion with intact endosteum) versus
“true” bony fistulae without membranous involvement; (C) Dornhoffer type I (intact endosteum) versus Dornhoffer type IIa (eroded endosteum,
undisturbed perilymphatic space); (D) Dornhoffer type IIa (undisturbed perilymphatic space) versus type IIb (disturbed perilymphatic space). No
publication bias was found at funnel plot inspection (supplementary material, http://links.lww.com/MAO/B515). OR indicates odds ratio.
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FIG. 4. Forest plots reporting OR estimates on postoperative bone conduction hearing preservation/improvement according to (A) exclusive
LSCC involvement, fistula size with a cutoff of (B) 2 mm or (C) 3 mm, and (D) i.v. infusion of steroids, intraoperative and in the first days after
surgery. No publication bias was found at funnel plot inspection (supplementary material, http://links.lww.com/MAO/B515). i.v. indicates intrave-
nous; LSCC, lateral semicircular canal; OR indicates odds ratio.
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extension, an undisturbed perilymphatic space (Dornhoffer
type IIa versus IIb; OR, 4.67; 95% CI, 1.26–17.37) was a
strong predictor of BC preservation, whereas no significant
differences were found according to erosion of the bony
Copyright © 2022 Otology & Neurotology, Inc. Un
labyrinth endosteum (Fig. 3A–C). These findings confirm
the progressively increased risk of hearing loss secondary
to perilymphatic space disturbance and membranous laby-
rinth involvement, but not after endosteum resorption alone
Otology & Neurotology, Vol. 43, No. 10, 2022
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FIG. 5. Forest plots reporting OR estimates on postoperative new-onset anacusis according to (A) extension to membranous labyrinth and (B)
exclusive LSCC involvement. No publication biaswas found at funnel plot inspection (supplementary material, http://links.lww.com/MAO/B515).
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(Dornhoffer type I versus IIa). Other fistula-related factors
that were associated with higher chances of postoperative
hearing preservation were exclusive LSCC involvement
(OR, 3.52; 95% CI, 1.32–9.38), and smaller size, either when
categorized according to the cutoff of 2 (OR, 3.03; 95% CI,
1.24–7.40) or 3 mm (OR, 6.15; 95% CI, 1.47–25.68;
Fig. 4A–C). The negative effect of membranous (OR,
11.94; 95% CI, 3.07–46.45) and non-LSCC involvement
(OR, 15.60; 95% CI, 1.53–159.58) was also confirmed by
the significantly higher probability of new-onset postoperative
anacusis (Fig. 5, A and B).
The surgical management of LF has seen much contro-

versy over the years. The type of mastoidectomy and the most
appropriate approach to the matrix overlying the fistula have
long been debated to find the ideal balance between surgical
radicality and hearing preservation.
For what concerns mastoidectomy, CWD and canal wall

up (CWU) mastoidectomy may offer different advantages,
with the former guaranteeing better control in case of resid-
ual disease (17),and the latter offering superior protection
to the exposed labyrinth (5,50–52). In the series included,
CWD mastoidectomy was the most common approach;
however, nowadays,most authors agree that the decisionon pres-
ervation of posterior canal wall should not depend on the pres-
ence of LF, but should be based on multiple variables, including
hearing status, comorbidities, surgical history, cholesteatoma
extension, and other complications (7,24,32,38,41,44).
Regarding the management of the matrix overlying the LF,

different strategies have been proposed, mostly distinguished
into conservative approaches, aimed at matrix preservation,
and radical approaches, aimed at complete matrix removal.
Otology & Neurotology, Vol. 43, No. 10, 2022

Copyright © 2022 Otology & Neurotology, Inc. Unauthori
In case of superficial erosion of the LSCC dome with intact
endosteum (“blue line”) or in case of advanced membranous
destruction, the surgical decision seems to be straightforward.
Delicate matrix peeling without violation of the endosteum
for the former and radical surgery with no chance of hearing
restoration for the latter have typically been pursued. On the
contrary, management of bony fistulae (i.e., erosion of endos-
teum but without membranous involvement) is far more chal-
lenging. On one hand, a conservative approach, leaving the
cholesteatoma matrix overlying the fistula, may prevent sen-
sorineural hearing loss secondary to labyrinth exposure
(3,4,52–55). Dornhoffer andMilewski (6) highlighted the rel-
evance of perilymphatic integrity on auditory outcome by fur-
ther categorizing type II as type IIa, an opened but undisturbed
perilymphatic space, and type IIb, an opened perilymphatic
space in which the perilymph was disturbed by active
suctioning before recognition of the fistula or ingrowth of
cholesteatoma. On the other hand, many authors, with either
multiple (1,50) or single surgical procedures (52,55–57), have
advocated complete removal of the matrix not only to obtain a
dry ear through disease eradication but also to prevent further
enlargement of the bony fistula and its extension to the mem-
branous labyrinth secondary to the action of matrix collage-
nase, as well as related complications (e.g., suppurative
labyrinthitis).

In the studies included, matrix removal was generally
performed at the end of the surgical procedure through gentle
peeling from the labyrinth and sealed immediately thereafter
with a wide variety of materials, primarily fascia with or with-
out bone pate, chips, or cartilage fragments. In one study (7),
better auditory outcomes were found when the “sandwich
zed reproduction of this article is prohibited.
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technique” (interposition of fascia–bone pate–fascia) was
used. Basu and Hamilton (8) described an alternative ap-
proach for matrix removal using a modified laser technique
that denatures cholesteatoma epitheliumwithout disrupting
over the fistula with good auditory outcomes.
Regardless of the technique adopted, the authors of the stud-

ies included mostly considered removal of the cholesteatoma
epithelium and repair of the fistula in a single procedure to be
safe and effective. However, a conservative approach may still
be considered whenever matrix removal may result in a high
risk of iatrogenic deafness in a hearing ear. In the current
meta-analysis, two LF featureswere associated with the highest
risk of iatrogenic deafness, namely, non-LSCC and membra-
nous labyrinth involvement. In these cases, a conservative
approach toward the matrix after CWD mastoidectomy
may be considered, allowing preservation of labyrinth integ-
rity and easy accessibility for follow-up. However, surgeons
must consider that these patients may still experience dizzi-
ness after surgery because of the exposed labyrinth in the ex-
teriorized mastoid cavity, and hearing deterioration is likely
in the long term because of matrix collagenase activity.
Whenever matrix removal is performed, corticosteroids

should be administered, and significantly better auditory
outcomes (OR, 7.87; 95%CI, 2.34–26.42) were found with
i.v. steroid infusion 15 to 20 minutes before matrix removal
and in the first days after surgery (Fig. 4D) (7,10,11). The
possible explanation for the protective role exerted by ste-
roids may be the multifactorial origin of sensorineural hear-
ing loss associated with COM, which is related not only to
mechanical trauma but also to chemical stress. Penetration
into the labyrinth of exogenous noxious substances such
as bacterial toxins or endogenous inflammatory mediators
that may be present in middle ear effusions may, in fact,
cause irreversible damage to cochlear hair cells (58–64).
In this light, steroid infusion before matrix removal and in
the first 2 days after surgery may be useful to prevent sen-
sorineural hearing loss secondary to intralabyrinthine pene-
tration of inflammatory mediators. In addition, continuous
intraoperative irrigation with a saline mixture of corticoste-
roids (prednisolone) and antibiotics (cefuroxime) during
matrix removal (“underwater technique”) has been shown
to be helpful in reducing perilymphatic leakage and further
preventing inflammatory changes within the labyrinth spaces,
as reported by Thangavelu et al. (9).
Finally, regarding long-term auditory outcomes after com-

plete matrix removal, Katsura et al. (35) reported auditory per-
formance after 5 years of follow-up and found that BC grad-
ually deteriorates in the 1- to 2-kHz range over time. To ex-
plain this result, the authors suggest a potentially detrimental
effect of chronic inflammation on cochlear hair cells not only
through the LF but also through the roundwindowmembrane
in the long-term despite surgery.

CONCLUSIONS

LF is a relatively common complication (7%) of COM
with cholesteatoma. In the past two decades, complete
removal of the cholesteatoma matrix and sealing of the
defect have been favored. A wide variety of techniques
Copyright © 2022 Otology & Neurotology, Inc. Un
and materials have been described, but most authors gener-
ally agree on the safety and efficacy of this approach, which
is supported by satisfactory auditory outcomes. BC preserva-
tion is achieved in most patients (81%), but surgeons should
be aware that it depends primarily on nonmodifiable,
fistula-related features, namely, sparing the perilymphatic
space (OR, 4.67) and membranous labyrinth (OR, 4.56), ex-
clusive LSCC involvement (OR, 3.52), and smaller size
(<2 mm: OR, 3.03; <3 mm: OR, 6.15). Membranous in-
volvement (OR, 11.94) and non-LSCC fistulae (OR,
15.60) carry the highest risk of iatrogenic anacusis. None-
theless, specific surgical strategies significantly influence
auditory outcomes. Early intraoperative recognition, gentle
matrix removal followed by immediate sealing at the end
of surgery, and intraoperative and postoperative i.v. steroids
infusion are recommended.
REFERENCES

1. Sanna M, Zini C, Bacciu S, et al. Management of the labyrinthine
fistula in cholesteatoma surgery. ORL J Otorhinolaryngol Relat Spec
1984;46:165–72.

2. Manolidis S. Complications associated with labyrinthine fistula in
surgery for chronic otitis media. Otolaryngol Head Neck Surg 2000;
123:733–37.

3. Gacek RR. The surgical management of labyrinthine fistulae in
chronic otitis media with cholesteatoma. Ann Otol Rhinol Laryngol
1974;83(10 suppl):3–19.

4. Palva T, Johnsson LG. Preservation of hearing after removal of the
membranous canal with a cholesteatoma. Arch Otolaryngol Head
Neck Surg 1986;112:982–85.

5. Palva T, RamsayH. Treatment of Labyrinthine fistula.ArchOtolaryngol
Head Neck Surg 1989;115:804–6.

6. Dornhoffer J, Milewski C. Management of the open labyrinth. Otolaryngol
Head Neck Surg 1995;112:410–14.

7. Bartochowska A, Pietraszek M,Wierzbicka M, Gawęcki W. “Sandwich
technique” enables preservation of hearing and antivertiginous effect in
cholesteatomatous labyrinthine fistula. Eur Arch Otorhinolaryngol
2022;279:2329–37.

8. Basu S, Hamilton J. Treatment using diffuse laser energy of cochlear
and vestibular fistulas caused by cholesteatoma. J Laryngol Otol
2019;133:102–5.

9. Thangavelu K, Weiß R, Mueller-Mazzotta J, et al. Post-operative
hearing among patients with labyrinthine fistula as a complication of
cholesteatoma using “under water technique”. Eur Arch Otorhinolaryngol
2022;279:3355–62.

10. Albu S, Amadori M, Babighian G. Predictors of hearing preservation
in the management of labyrinthine fistulas positioned on the semicircular
canals. Ann Otol Rhinol Laryngol 2013;122:529–34.

11. GoceaA,Martinez-Vidal B, PanuschkaC, et al. Preserving bone conduction
in patients with labyrinthine fistula. Eur Arch Otorhinolaryngol 2012;
269:1085–90.

12. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMAGroup. Preferred
reporting items for systematic reviews andmeta-analyses: The PRISMA
statement. BMJ 2009;339:b2535. doi:10.1136/bmj.b2535.

13. McRackan TR, Kaylie DM, Wick CC, Bush ML. A position paper on
systematic and meta-analysis reviews. Otol Neurotol 2020;41:879–82.

14. Schardt C, Adams MB, Owens T, Keitz S, Fontelo P. Utilization of the
PICO framework to improve searching PubMed for clinical questions.
BMC Med Inform Decis Mak 2007;7:16. doi:10.1186/1472-6947-7-16.

15. Wells G, Shea B, O'Connell D, Peterson J, Welch V, Losos M, Tugwell
P. Newcastle–Ottawa quality assessment scale cohort studies. 2014.
University of Ottawa. Available at: http://www.ohri.ca/programs/clinical_
epidemiology/oxford.asp. Accessed December 28, 2022.

16. Magliulo G, Celebrini A, Cuiuli G, et al. Partial labyrinthectomy in the
treatment of labyrinthine fistula: How we do it. Clin Otolaryngol
2008;33:607–10.
Otology & Neurotology, Vol. 43, No. 10, 2022

authorized reproduction of this article is prohibited.

http://http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp.%20Accessed%20December%2028
http://http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp.%20Accessed%20December%2028


e1068 M. TOMASONI ET AL.
17. Soda-Merhy A, Betancourt-Suárez MA. Surgical treatment of labyrinthine
fistula caused by cholesteatoma. Otolaryngol Head Neck Surg 2000;
122:739–42.

18. Ghiasi S. Labyrinthine fistula in chronic otitis mediawith cholesteatoma.
J Pak Med Assoc 2011;61:352–5.

19. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin
Trials 1986;7:177–88.

20. Higgins JP, Thompson SG, Deeks JJ, Altman DG.Measuring inconsistency
in meta-analyses. BMJ 2003;327:557–60.

21. Viechtbauer W. Conducting meta-Analyses in R with the metafor
Package. J Stat Softw 2010;36. doi:10.18637/jss.v036.i03.

22. Wang N. How to conduct a meta-analysis of proportions in R: A
comprehensive tutorial [published online 2018]. doi:10.13140/RG.2.
2.27199.00161.

23. Gersdorff MC, Nouwen J, Decat M, Degols JC, Bosch P. Labyrinthine
fistula after cholesteatomatous chronic otitis media. Am J Otol 2000;
21:32–35.

24. Kvestad E, Kværner KJ, Mair IW. Labyrinthine fistula detection: The
predictive value of vestibular symptoms and computerized tomography.
Acta Otolaryngol 2001;121:622–26.

25. Ahmad I, East DM. Hearing preservation in patients with labyrinthine
fistulae. Rev Laryngol Otol Rhinol (Bord) 2002;123:49–52.

26. QuarantaN, Liuzzi C, Zizzi S, DicoratoA,QuarantaA. Surgical treatment
of labyrinthine fistula in cholesteatoma surgery. Otolaryngol Head Neck
Surg 2009;140:406–11.

27. Ueda Y, Kurita T, Matsuda Y, Ito S, Nakashima T. Surgical treatment
of labyrinthine fistula in patients with cholesteatoma. J Laryngol
Otol 2009;123(S31):64–7.

28. Chen Z, Dongzhen, Wu Y, et al. Surgical treatment of labyrinthine
fistula caused by cholesteatoma with semicircular canal occlusion.
Acta Otolaryngol 2010;130:75–8.

29. Sari M, Baglam T, Ozturk O, Batman C. Labyrinthine fistula secondary
to cholesteatomatous chronic otitis media. J Int Adv Otol 2010;6:18–24.

30. Faramarzi AH, Heydari ST, Rusta M. The prevalence of labyrinthine
fistula in chronic otitis media surgery in Shiraz, Southern Iran. Iran
Red Crescent Med J 2011;13:582–5.

31. YamamotoN,FujimuraS,OginoE, et al.Management of labyrinthine fistulae
in Kyoto University Hospital. Acta Otolaryngol Suppl 2010;130:16–19.

32. StephensonMF, Saliba I. Prognostic indicators of hearing after complete
resection of cholesteatoma causing a labyrinthine fistula. Eur Arch
Otorhinolaryngol 2011;268:1705–11.

33. Moon H, Roh JL, Lee SW, et al. Prognostic value of nutritional and
hematologic markers in head and neck squamous cell carcinoma treated
by chemoradiotherapy. Radiother Oncol 2016;118:330–4.

34. Ikeda R, Kobayashi T, Kawase T, Oshima T, Sato T. Risk factors for
deterioration of bone conduction hearing in cases of Labyrinthine fistula
caused by middle ear cholesteatoma. Ann Otol Rhinol Laryngol 2012;
121:162–7.

35. Katsura H, Mishiro Y, Adachi O, et al. Long-term deterioration of
bone-conduction hearing level in patients with labyrinthine fistula.
Auris Nasus Larynx 2014;41:6–9.

36. Jang CH, Jo SY, Cho YB. Matrix removal of labyrinthine fistulae by
non-suction technique with intraoperative dexamethasone injection.
Acta Otolaryngol (Stockh) 2013;133:910–15.

37. Cho CH, Yang HC, Aum JH, Kim YW, Hyoung LJ. Preservation of
post operative bone conduction hearing after labyrinthine fistula
repair in chronic otitis media with cholesteatoma: A review of 23
cases. J Int Adv Otol 2014;10:39–43.

38. Meyer A, Bouchetemblé P, Costentin B, et al. Lateral semicircular
canal fistula in cholesteatoma: Diagnosis and management. Eur Arch
Otorhinolaryngol 2016;273:2055–63.

39. BoY,YangY,XiaodongC, et al. A retrospective study on post-operative
hearing of middle ear cholesteatoma patients with labyrinthine fistula.
Acta Otolaryngol (Stockh) 2016;136:8–11.

40. Dispenza F. Management of labyrinthine fistula in chronic otitis with
cholesteatoma: case series. EuroMediterranean Biomed J 2015;10:
255–61.

41. Geerse S, de Wolf MJF, Ebbens FA, van Spronsen E. Management of
labyrinthine fistula: Hearing preservation versus prevention of residual
disease. Eur Arch Otorhinolaryngol 2017;274:3605–12.
Otology & Neurotology, Vol. 43, No. 10, 2022

Copyright © 2022 Otology & Neurotology, Inc. Unauthori
42. Sagar P, Devaraja K, Kumar R, Bolu S, Sharma SC. Cholesteatoma
induced labyrinthine fistula: Is aggressiveness in removing disease
justified? Indian J Otolaryngol Head Neck Surg 2017;69:204–9.

43. Rah YC, Han WG, Joo JW, et al. One-stage complete resection of
cholesteatoma with labyrinthine fistula: Hearing changes and clinical
outcomes. Ann Otol Rhinol Laryngol 2018;127:241–8.

44. BaylanMY, YılmazÜ, Akkuş Z, et al. Assessment of bone conduction
thresholds after surgical treatment in patients with labyrinthine fistula.
Turk Arch Otorhinolaryngol 2018;56:89–94.

45. Rosito LPS, Canali I, Teixeira A, et al. Cholesteatoma labyrinthine
fistula: Prevalence and impact. Braz J Otorhinolaryngol 2019;85:
222–7.

46. Misale P, Lepcha A, Chandrasekharan R, Manusrut M. Labyrinthine
fistulae in squamosal type of chronic otitis media: Therapeutic
outcome. Iran J Otorhinolaryngol 2019;31:167–72.

47. Balci MK, Eren E, Önal K, Arslanoğlu S. Does cholesteatoma matrix
removal impair hearing in patients with low-grade labyrinthine
fistulas? B-ENT 2019;15:209–15.

48. Committee on Hearing and Equilibrium guidelines for the evaluation
of results of treatment of conductive hearing loss. American Academy of
Otolaryngology–Head and Neck Surgery Foundation, Inc. Otolaryngol
Head Neck Surg 1995;113:186–7.

49. Goldenberg RA, Berliner KI. Reporting operative hearing results: Does
choice of outcome measure make a difference? Am J Otol 1995;16:
128–35.

50. Sheehy JL, Brackmann DE. Cholesteatoma surgery: management of
the labyrinthine fistula—A report of 97 cases. Laryngoscope 1979;
89:78–87.

51. Sanna M, Zini C, Gamoletti R, et al. Closed versus open technique in
the management of labyrinthine fistulae. Am J Otol 1988;9:470–5.

52. Ostri B, Bak-Pedersen K. Surgical management of labyrinthine fistulae
in chronic otitis media with cholesteatoma by a one-stage closed technique.
ORL J Otorhinolaryngol Relat Spec 1989;51:295–9.

53. Palva T. Treatment of ears with labyrinth fistula. Laryngoscope 1983;
93:1617–619.

54. Ritter FN.Chronic suppurative otitismedia and the pathologic labyrinthine
fistula. Laryngoscope 1970;80:1025–35.

55. Smyth GD, Gormley PK. Preservation of cochlear function in the
surgery of cholesteatomatous labyrinthine fistulas and oval window
tympanosclerosis. Otolaryngol Head Neck Surg 1987;96:111–8.

56. Chiossone E. Labyrinthine fistulae in cholesteatoma. In: Babighian G,
ed. Advances in Oto-Rhino-Laryngology. Vol 37. Basel, Switzerland:
S. Karger AG; 1987:128–33.

57. Kobayashi T, Sato T, Toshima M, et al. Treatment of labyrinthine
fistula with interruption of the semicircular canals. Arch Otolaryngol
Head Neck Surg 1995;121:469–75.

58. StenqvistM,AnnikoM, PetterssonÅ. Effect ofPseudomonas aeruginosa
exotoxin A on inner ear function. Acta Otolaryngol (Stockh) 1997;117:
73–9.

59. Engel F, Blatz R, Kellner J, et al. Breakdown of the round window
membrane permeability barrier evoked by streptolysin O: Possible
etiologic role in development of sensorineural hearing loss in acute
otitis media. Infect Immun 1995;63:1305–10.

60. Guo Y,WuY, ChenW, Lin J. Endotoxic damage to the stria vascularis:
The pathogenesis of sensorineural hearing loss secondary to otitis
media? J Laryngol Otol 1994;108:310–13.

61. Yellon RF, Rose E, Kenna MA, et al. Sensorineural hearing loss from
quinolinic acid: A neurotoxin in middle ear effusions. The Laryngoscope
1994;101:176–81.

62. Lundman L, Bagger-Sjöbäck D, Juhn SK, Morizono T. Pseudomonas
aeruginosa exotoxin A andHaemophilus influenzae type b endotoxin.
Effect on the inner ear and passage through the round window
membrane of the chinchilla. Acta Otolaryngol Suppl 1992;493:69–76.

63. Lee SH, Woo HW, Jung TT, et al. Permeability of arachidonic acid
metabolites through the round window membrane in chinchillas.
Acta Otolaryngol Suppl 1992;493:165–9.

64. Papp Z, Rezes S, Jókay I, Sziklai I. Sensorineural hearing loss in
chronic otitis media. Otol Neurotol 2003;24:141–4.
zed reproduction of this article is prohibited.


