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BACKGROUND: The aim of this article is to determine the efficacy of otoendoscopy during microscopic cholesteatoma surgery on residual cho-
lesteatoma rates postoperatively.

METHODS: The medical records of patients (aged 4-90) with primary acquired cholesteatoma who underwent microscopic cholesteatoma sur-
gery (exclusively transcanal approach or canal wall-up tympano-mastoidectomy) with subsequent otoendoscopic examination (80 ears) for 
intraoperative cholesteatoma residues were retrospectively reviewed. All cases with mixed micro scopi c/end oscop ic, fully endoscopic, or fully 
microscopic dissection were excluded, as well as cases where a canal wall-down technique was used. After microscopic cholesteatoma removal, 
the otoendoscope was used to inspect the middle ear recesses for intraoperative cholesteatoma residues. The intra- and postoperative choles-
teatoma residue rate were evaluated.

RESULTS: On endoscopic examination, intraoperative cholesteatoma residues were encountered in 24 patients (30%). A total of 30 foci were 
detected. Most of them were found in the superior retrotympanum (15 foci). In 9 cases an antral remnant guided the surgeon to convert to a canal 
wall up tympanomastoidectomy. During the postoperative follow-up period, residual cholesteatoma was detected on postoperative magnetic 
resonance imaging in 6 patients (7.5%). Adding an otoendoscopic examination to microscopic cholesteatoma surgery reduced the postoperative 
cholesteatoma residues rate (odds ratio = 0.16). A negative otoendoscopic examination led to a cholesteatoma residue-free follow-up period in 
95% of cases (NPV = 0.95).

CONCLUSION: Otoendoscopy is effective in identifying intraoperative cholesteatoma residues after microscopic cholesteatoma surgery. It 
reduces the postoperative cholesteatoma residue rate, and a negative otoendoscopic examination increases the likelihood of a cholesteatoma 
residue-free follow-up.
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INTRODUCTION
Primary acquired cholesteatomas are collections of keratinizing squamous epithelium trapped within the middle ear and/or mas-
toid.1,2,3 Surgical treatment is the treatment of choice and aims for complete removal of the cholesteatoma and prevention of 
residual and recurrent cholesteatoma.4,5 In the early years, the microscope provided magnification and illumination of the mastoid 
and middle ear spaces. However, poor access to certain areas of the middle ear, such as the tympanic sinus, the epitympanic recess, 
and the eustachian tube orifice, contributed to residual cholesteatoma rates ranging between 5% and 12% in the canal wall down 
(CWD) tympanomastoidectomy and up to 47.7% in the canal wall up (CWU) tympanomastoidectomy.4-11

To reveal these hidden areas, various adjuncts to microscopy have been suggested, such as the Buckingham mirror or the tempo-
rary removal of the posterior canal wall.11-13 First reports of the rigid endoscope in cholesteatoma surgery to visualize and assist in 
the removal of residual disease from the difficult-to-reach middle ear areas were already published by Thomassin et al in 1993.4 
Thomassin et al noted a drop in residual cholesteatoma from 47% to 6% by just adding the endoscope.4 This ratio was further 
proven in the cohorts of Yung, Badr-El dine, and Benett, who had respectively a postoperative cholesteatoma residue rate of 9.4%, 
8.6%, and 2.7%.5,10,14 By offering the advantage of higher magnification, wider views, the ability to look around the corners, minimal 
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bone removal, and ameliorated surgical ergonomics, the endoscope 
seemed to be very promising in reducing the rate of residual disease 
by detecting intraoperative cholesteatoma residues.12,15,16

A decade ago, we implemented the endoscope in our practice. 
Initially, they were only used to gain access to sites hard to visualize 
directly with the microscope in cholesteatoma surgery and gradually 
we evolved to fully endoscopic cases as we became more skilled in 
using the endoscope. The aim of this study is to evaluate the use of 
the otoendoscope in our first explorative cohort. We investigated the 
efficacy of the otoendoscope in detecting intraoperative cholestea-
toma residues in the middle ear recesses during microscopic chronic 
middle ear surgery, and its impact on the incidence of residual cho-
lesteatoma during follow-up. Therefore, we compared our first results 
to the current available literature.

MATERIAL AND METHODS
This is a retrospective analysis based on data from operative reports 
and office notes of all otological surgeries between January 2012 and 
December 2020. A search was performed for all patients who under-
went surgery for primary cholesteatoma, either using an exclusively 
transcanal approach or a CWU tympanomastoidectomy, followed by 
a subsequent otoendoscopic examination for intraoperative cho-
lesteatoma residues after apparent total removal of cholesteatoma 
with the microscope (Grade 1 use of operative endoscopic ear sur-
gery according to the Massachusetts Eye and Ear Infirmary17). All 
mixed microscopic/endoscopic (Grade 2a and 2b17), fully endoscopic 
(Grade 317). and fully microscopic (Grade 017) dissection cases were 
excluded, along with the cases where a CWD tympanomastoidec-
tomy technique was used. In total 80 primary cholesteatoma cases 
were included. All were operated on by the senior author, a right-
handed surgeon. The pre- and postoperative office reports, the pre- 
and postoperative radiographic images, and the operating report 
were analyzed.

The Supervisory Committee on Medical Ethics of the University 
Hospitals Leuven has acknowledged this retrospective study as sci-
entifically relevant and in line with prevailing ethical standards, as 
confined in the declaration of Helsinki (Approval No: MP017279, 
Date: January 25, 2021). All patients gave their written informed 
consent.

Surgical Technique
The surgical procedure consisted of an initial part where the choles-
teatoma was removed under the microscope using an exclusively 
transcanal approach or a CWU tympanomastoidectomy technique. 
The extent of the opacification and bony erosions, as well as the 
degree of pneumatization, were evaluated on the preoperative 

computed tomography (CT). Opacification extending beyond the 
level of the lateral semicircular canal and diminished pneumatization 
were factors directing the surgeon toward an upfront CWU tympano-
mastoidectomy. If available, preoperative MRI was considered during 
the decision-making process. To increase access to the attic, an atti-
cotomy was used if needed during a transcanal approach.

After apparent total removal of the cholesteatoma with the micro-
scope, in a second phase, the otoendoscope was used to inspect 
those middle ear and mastoid sites which were difficult to visual-
ize with the microscope for intraoperative cholesteatoma residues. 
Transcanally, the endoscope was first used to inspect the following 
areas: inferior retrotympanum, superior retrotympanum, posterior 
epitympanic space, anterior epitympanic space, protympanum, and 
hypotympanum. In the cases where a CWU tympanomastoidectomy 
was performed, we subsequently inspected the epitympanum from 
a posterior perspective introducing the endoscope through the mas-
toid. Depending on the case, an otoendoscope of 3 mm diameter 
and 14 cm length (KARL STORZ SE & Co. KG, Tuttlingen, Germany) was 
used with an angle of 0, 30, or 45°. If an intraoperative cholesteatoma 
residue was noted, it was subsequently removed. Our surgical find-
ings were noted on a standard template. We recorded the approach 
(transcanal (TC) or CWU), the use of the endoscope, and the site of the 
intraoperative cholesteatoma residues (tympanic sinus, facial recess, 
eustachian tube orifice, others). In the cases started with an exclu-
sively transcanal approach, special attention was paid to the antrum. 
A negative otoendoscopic examination in these cases implied that a 
mastoidectomy could be avoided. If there was an intraoperative cho-
lesteatoma residue in the antrum, unreachable with the microscope 
by the transcanal route, we converted into a CWU tympanomastoid-
ectomy. At the end of the surgery, the scutum was reconstructed 
using autologous conchal cartilage.

Postoperative Follow-up
Routine postoperative follow-up consisted of a clinical follow-up 
(microscopy and audiometry) annually and MRI imaging, using the 
non-EP DWI technique, 1, 3, and 5 years postoperatively.

Statistical Analysis
Statistical analysis was performed using Statistical Package for the 
Social Sciences (SPPS) version 27.0 (IBM SPSS Corp.; Armonk, NY, 
USA). Patient demographics, as well as intra- and postoperative cho-
lesteatoma residue rates, were described using descriptive statistics. 
Factors influencing intraoperative cholesteatoma residue rates were 
described using cross tabs and compared using Pearson’s chi-square 
test or Fisher’s exact test. The time to the formation of cholesteatoma 
residue rates was calculated using Kaplan–Meier curves. Finally, the 
value of the otoendoscope in microscopic cholesteatoma surgery to 
reduce cholesteatoma residue rates was evaluated using odds ratio, 
as well as the negative predictive value.

RESULTS

Patients’ Characteristics
A total of 80 cases were included in this retrospective case series, 48 
were male and 32 female. Patients’ age ranged from 4 to 90 years old, 
with a mean age of 30 years (SD = 21.89). In 45 cases (56%), the right 
ear was operated on, and in 35 cases (44%) the left ear. The indica-
tion for the operation and localization of the lesion is summarized 

MAIN POINTS

• Otoendoscopy can be used to detect intra-operative cholestea-
toma residues after microscopic cholesteatoma surgery.

• Otoendoscopy reduces the cholesteatoma residue rate in CWU 
tympanomastoidectomy to the cholesteatoma residue rates seen 
in CWD tympanomastoidectomies.

• A negative otoendoscopic examination in cholesteatoma surgery 
results in an uneventful follow-up period in 95% of cases.
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in Table 1. In 27 cases, the cholesteatoma was removed by an exclu-
sively transcanal approach; in 44 cases, a CWU tympanomastoid-
ectomy was needed; and in 9 cases, we started with a transcanal 
approach but converted into a CWU tympanomastoidectomy due to 
an antral remnant extending into the mastoid air cells.

Intraoperative Cholesteatoma Residue Rates
After microscopic resection of cholesteatoma, a Hopkins rod tele-
scope was used to examine the middle ear and mastoid sites which 
were difficult to visualize with the microscope for intraoperative 
cholesteatoma residues (Grade I use of operative endoscopic ear 
surgery according to the Massachusetts Eye and Ear Infirmary19). 
Intraoperative cholesteatoma residues were defined as disease that 
was not detected during primary microscopic dissection but identi-
fied during otoendoscopic examination.

We mapped the hidden middle ear areas intraoperatively. In 24 
(30%) cases, an intraoperative cholesteatoma residue was found and 
removed. We identified a total of 30 foci. The superior retrotympanum 
was the most common location for intraoperative cholesteatoma 
residues. Details are shown in Table 2. The 11 cases where an intra-
operative cholesteatoma residue was found in the aditus ad antrum 
were exclusively transcanal approaches. The presence of an attic cho-
lesteatoma residue led to an intraoperative decision to convert into 
a CWU tympanomastoidectomy in 9 of these cases. Except one, all 
of these cases had a cholesteatoma extension stage II according to 
the ChOLE grade (as described by Linder et al18). This means that the 
cholesteatoma involved the middle ear, with further extensions into 
the attic and antrum up to the level of the lateral semicircular canal 
within the mastoid, with or without extension in the tympanic sinus. 
The one exception was classified as a cholesteatoma stage III accord-
ing to the ChOLE grade.18 In between surgical planning and surgical 
procedure, the cholesteatoma had progressed beyond the level of 
the lateral semicircular canal into the mastoid cavity.

Factors Influencing Intraoperative Cholesteatoma Residue Rate
Using crosstabs, the Pearson’s chi-square test and the Fisher’s exact 
test, we evaluated if any factors were influencing the intraoperative 
cholesteatoma residue rates found on otoendoscopic examination 
of the middle ear and mastoid sites. Factors evaluated were age, gen-
der, operation side, microscopic location of the lesion (pars flaccida 

vs pars tensa), ChOLE grade (as described by Linder et al18) and sinus 
tympani depth (defined according to the radiologic sinus tympani 
classification of Marchioni et  al19). None of them had a significant 
impact on the intraoperative cholesteatoma residue rate found on 
otoendoscopic examination. An overview of these data is given in 
Table 3.

Cholesteatoma Residue Rates
Mean follow-up time was 29.5 months. During the postoperative fol-
low-up period, cholesteatoma recidivism was encountered in 9 cases 
(11.25%). In 6 cases (7.5%), there was one foci of residual cholestea-
toma, located in the sinus tympani (n = 2), the oval window niche 
(n = 1), around the incudomalleolar joint (n = 1), inferior to a dehis-
cent tympanic segment of the facial nerve (n = 1), or the epitympanic 
recess (n = 1). In 3 cases (3.75%), there was a recurrent cholesteatoma 
arising from a new epitympanic retraction.

The cumulative cholesteatoma residue rate was calculated using 
Kaplan–Meier survival analysis, taking the patients lost to follow-up 
into account. At 1 year postoperatively, 97.2% of patients did not 
show residual cholesteatoma. This percentage decreased to 90.7% at 
3 years postoperatively and 75.6% at 5 years postoperatively. Details 
are shown in Figure 1. Unfortunately, a portion of our patients were 
lost to follow-up or were postoperatively followed by the center who 
initially referred them.

Value of the Otoendoscope in Microscopic Cholesteatoma 
Surgery
If the otoendoscopic examination did not show any intraoperative 
cholesteatoma residue, 3 patients from a total of 56 still developed 
a cholesteatoma residue in the postoperative follow-up period 
(Table 4). This leads to a negative predictive value of 0.95. Meaning 
that a negative otoendoscopic examination in cholesteatoma sur-
gery results in an uneventful follow-up period in 95% of cases.

NPV
TN

TN FN
�

�
�

�
�

53
53 3

0 95.

Table 1. Localization and ChOLE Stage of the Lesion according to the 
Surgical Approach

Transcanal CWU Total

Localization/origin

 Pars flaccida 10 17 + 4* 31

 Pars tensa 13 21 + 3* 37

 Combination 4 6 + 2* 12

ChOLE grade

 Stage I 15 16 + 9* 25

 Stage II 12 26 38

 Stage III 0 2 2

CWU, canal wall up.
*Cases whereby we switched from a transcanal to a canal wall up approach due to antral 
remnant.
Ch, Cholesteatoma extension; O, Ossicular chain status (at the end of surgery); L, Life 
threatening complications; E, Eustachian tube ventilation and mastoid pneumatisation.

Table 2. Localization of the Intraoperative Cholesteatoma Residues Found 
Upon Otoendoscopic Examination

No of Cholesteatoma Remnants

Total 30

Superior Retrotympanum

 Tympanic sinus 7

 Posterior stapedial crus 1

 Pyramidal eminence 2

 Facial recess 5

Inferior Retrotympanum

 Subtympanic sinus 1

Protympanum

 Eustachian tube orifice 1

 Supratubal recess 1

EPITYMPANUM

 Epitympanum 1

 Antrum 11
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Furthermore, assuming that all intraoperative cholesteatoma resi-
dues become cholesteatoma residues during postoperative follow-
up (if the otoendoscopic examination and further dissection were 
not performed), we can evaluate the assumed benefit of the endo-
scope in microscopic cholesteatoma surgery. Table 5 shows the 
number of cholesteatoma residues encountered during the post-
operative follow-up in the “otoendoscopy +” and “otoendoscopy –” 

group. The “otoendoscopy +” group is our study cohort, whereas 
the “otoendoscopy –” group is a fictitious group. The latter consists 
of the same patient cohort, but we assume the endoscope was not 
used for detection of intraoperative cholesteatoma residues. In the 
“otoendoscopy +” group a cholesteatoma residue was detected in 
6 cases from a total of 80 during the postoperative follow-up period. 
The “otoendoscopy –” group includes the 24 cases with an intraop-
erative cholesteatoma residue, of which we assume would become a 
cholesteatoma residue and 3 patients with a negative otoendoscopic 
examination who nevertheless developed a cholesteatoma residue, 
making a total of 27 patients. Out of this we can calculate the odds 
ratio as follows:

OR =
ad
bc

=
6 53

74 27
= 0.16

×
×

Since the odds ratio is below 1, we can state that the otoendoscope 
has a significant (P = .001) positive impact on the postoperative cho-
lesteatoma residue rate according to the Pearson chi-square test.

DISCUSSION
In this study, we used the otoendoscope at the end of the micro-
scopic cholesteatoma surgery to verify the completeness of its 
removal (Grade I use of operative endoscopic ear surgery according 
to the Massachusetts Eye and Ear Infirmary17). In spite of conscien-
tious dissection of cholesteatoma under the microscope, we found 
intraoperative cholesteatoma residues in 30% of operated ears. This 
rate was not influenced by any of the following factors: age, gender, 
operation side, microscopic location of the lesion (pars flaccida vs 
pars tensa), CHOLE grade (as described by Linder et  al18) nor sinus 
tympani depth (defined according to the radiologic sinus tympani 
classification of Marchioni et al19). Our intraoperative cholesteatoma 
residue rate is comparable with rates already reported in literature 
ranging from 17.18% reported by Bennett et al in their CWU subpop-
ulation5 to 77.38% noted by Ayache et al in their CWU and transcanal 
subgroup.7 Furthermore, Good et al reported an intraoperative cho-
lesteatoma residue rate of 24.11% in their CWU tympa nomas toide 
ctomi es,9 Badr-El-Dine et al had a comparable rate of 25.61%14 and 
El-Meselaty et al a higher percentage of 50%.20 These rates support 
the view that the otoendoscope can be used to detect intraoperative 
cholesteatoma residues. Secondly, in cases when a purely transcanal 
approach is chosen, the endoscope could help to guide the surgeon 
intraoperatively to decide if a mastoidectomy is necessary or not. 
Disease limited to the tympanic space with limited extension toward 
the attic can be eradicated by an exclusively transcanal approach 
and the lateral semicircular canal is postulated as the distal limit.21 
Aggressive cholesteatomas may grow in between surgical planning 
and surgical procedure, making it uncertain if the cholesteatoma can 

Table 3. Factors Influencing Intraoperative Cholesteatoma Residue Rate

No of 
Intraoperative
Cholesteatoma 

Residue

Intraoperative 
Cholesteatoma

Residue

Total 56 (70%) 24 (30%)

Age

 ≤12 years 18 (69%) 8 (31%)

 >12 years 38 (70%) 16 (30%) P = .9203

Gender

 Male 34 (71%) 14 (29%)

 Female 22 (69%) 10 (31%) P = .8415

Operation side

 Right ear 31 (69%) 14 (31%)

 Left ear 25 (71%) 10 (29%) P = .8065

Location on otomicroscopy

 Pars flaccida 24 (77%) 7 (23%)

 Pars tensa 23 (62%) 14 (38%)

 Pars tensa and flaccida 9 (75%) 3 (25%) P = .3605

ChOLE grades

 Stage 1 27 (75%) 9 (25%)

 Stage 2 28 (67%) 14 (33%)

 Stage 3 1 (50%) 1 (50%) P = .509
(Fisher)

Sinus tympani depth

 Type I 15 (75%) 5 (25%)

 Type II 38 (69%) 17 (31%)

 Type III 2 (50%) 2 (50%) P = .686
(Fisher)

Figure 1. Time to residual cholesteatoma (m = months).

Table 4. Value of a Negative Otoendoscopic Examination

Postoperative Cholesteatoma 
Residue? Total

Cholesteatoma + Cholesteatoma –

Otoendoscopic 
control

Negative 3 53 56

Remnant 
present

3 21 24

TOTAL 6 74 80
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be taking out completely by a transcanal approach. In these cases, 
the endoscope can help the surgeon decide if a mastoidectomy is 
needed to complete cholesteatoma removal.

Uncovering intraoperative cholesteatoma residues allowed us to 
subsequently remove them and to prevent further development into 
clinical cholesteatoma residues. Although we could not diminish the 
cholesteatoma residue ratio to zero, we were able to reduce it in a 
significant way. Only 6 patients (7.5%) were diagnosed with residual 
cholesteatoma during the postoperative follow-up period. Assuming 
all intraoperative cholesteatoma residues develop into postopera-
tive cholesteatoma residues, a reduction in cholesteatoma residue 
rate from 30% to 7.5% was obtained when using the endoscope 
(Grade 1). This reduction in residual cholesteatoma was already 
mentioned by Thomassin et  al, who noted a drop in residual cho-
lesteatoma from 47% to 6% by just adding the endoscope.4 Similar 
results were found by Benett et al, who were able to reduce their 20% 
residue rate down to only 2.7%.5 The research group of Yung and 
Badr-El-Dine reported respectively a residual cholesteatoma rate of 
9.4% and 8.6% if an endoscopic examination took place at the end 
of the microscopic cholesteatoma removal.10,14 In other words, using 
the otoendoscope reduced the cholesteatoma residue rate in CWU 
tympanomastoidectomy to the cholesteatoma residue rate of CWD 
tympanomastoidectomies and could therefore overcome the major 
drawback of the CWU technique, by revealing the hidden middle ear 
areas. Poor access to the sinus tympani, anterior epitympanic recess, 
and eustachian tube has always been considered the major reason 
for residual disease in CWU tympa nomas toide ctomi es.14 During the 
last decade, the otoendoscope has therefore become established 
in our practice as a complement to the microscope consequently a 
CWD tympanomastoidectomy has become obsolete. It is important 
to stress that the indication to obliterate or not the mastoid and para-
tympaic spaces and its effect on recurrence rate is outside the scope 
of this research.

Already in 1995 Bowdler et al demonstrated that residual disease is 
most common in the hidden areas of the middle ear (oval window 
niche, sinus tympani, eustachian tube orifice, and aditus ad antrum) 
and that these areas are difficult to visualize with the microscope 
and difficult to reach with conventional instruments.22 Bennett et al, 
on the other hand, showed that the endoscope provided better 
visualization of all middle ear areas.23 In our case series intraopera-
tive cholesteatoma residues were most often detected in the supe-
rior retrotympanum (50%), more specifically in the tympanic sinus 
(23%) and the facial recess (16%). A comparable result was reported 
by Bennet et al. In their case series, 50% of the intraoperative cho-
lesteatoma residues were found in the superior retrotympanum, 
mainly in the tympanic sinus.5 In literature, even higher percentages 
are reported. Studies by several authors reported that approximately 
80% of the intraoperative cholesteatoma residues are located in 

the superior retrotympanum and in the case series of Good et al all 
intraoperative cholesteatoma residues were identified in this hidden 
area.7,9,14,20 The sinus tympani is the most common middle ear area, 
where intraoperative cholesteatoma residues hide. It is therefore 
especially important to check this area with the otoendoscope.

A limitation of the current study is the lack of an appropriate control 
group of patients operated purely under the otomicroscope, with no 
subsequent otoendoscopic examination. Furthermore, it is unclear 
if all intraoperative cholesteatoma residues encountered during 
otoendoscopic examination would have developed into symptom-
atic cholesteatoma residues during follow-up. We assumed that 
cholesteatoma growth between surgical planning and surgery led 
to the need to convert to a CWU tympanomastoidectomy when an 
antral cholesteatoma residue could not be removed via a transcanal 
approach. Alternatively, it could also be that these cases had a lon-
ger time interval between imaging and surgery, a factor we did not 
investigate. Also, pediatric and adult cases were observed together. 
Additionally, we would like to mention that repetitive postoperative 
MRI (non-EPI DWI) remains a cornerstone in the postoperative follow-
up in cholesteatoma surgery,24,25,26 since the additional use of an oto-
endoscope could only reduce the risk of cholesteatoma residues but 
not eliminate it.

Finally, we believe that both the microscope and the endoscope are 
of value in cholesteatoma surgery. It is not a matter of choosing one 
over the other, but rather we use the most appropriate combina-
tion to remove the cholesteatoma and reconstruct the middle ear. 
However, starting with an angled endoscope in the retrotympanic 
space may deter a microscopic trained surgeon, since endoscopic 
surgery has a steep learning curve. We agree with Pothier who sug-
gested it is better to start out with surgeries that are likely to go well, 
such as an underlay tympanoplasty with a 0° endoscope, and once 
you have built up your skills to dive into the retrotympanic space 
with an angled endoscope of 30° or 45°.21

Otoendoscopy can be seen as a means to identify intraoperative 
cholesteatoma residues after microscopic cholesteatoma surgery. By 
looking “around the corners,” the otoendoscope can reduce greatly 
the cholesteatoma residue rate in CWU tympanomastoidectomy or 
an exclusively transcanal approach. Furthermore, it can help guide 
the surgeon in the intraoperative decision to proceed with a purely 
transcanal surgery or to include a mastoidectomy.

Ethics Committee Approval: This study was approved by the Supervisory 
Committee on Medical Ethics of the University Hospitals Leuven (Approval 
No: MP017279; Date: January 25,2021).

Informed Consent: Informed consent was obtained from the patients who 
agreed to take part in the study.

Table 5. Benefit of the Otoendoscope on Postoperative Cholesteatoma Residue Rate

Postoperative Cholesteatoma Residue?
Total

Cholesteatoma + Cholesteatoma –

Use of otoendoscope Otoendoscope + 6 74 80

Otoendoscope – 27 (24 +3*) 53 80

*3 of the 6 patients with a residue in the postoperative setting had a negative otoendoscopic control but developed nevertheless a cholesteatoma residue.
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Supplementary Table 1. Preoperative and postoperative hearing results (expressed in dB HL) according to the SAMEO-ATO classification for type of 
ossicular chain reconstruction

N
CWU tympanomastoidectomy

N
Transcanal approach

Pre-operative Post-operative Pre-operative Post-operative

On (intact) 6 27.39 (0-48.33) 22.73 (10-28.33) 11 27.33 (0-45) 21.94 (6.67-25)

On (no data) 6 27.31 (20-55) 22.61 (16.67-63.33) 1 13.33 20

Osi (mimix) 5 22.87 (16.67-33.33) 16.94 (11.66-23.33) 9 27.35 (10-36.67) 22.92 (0-31.67)

Osm (PORP-M) 13 27.04 (16.67-50) 21.92 (11.67-46.67) 9 27.32 (5-45) 23.94 (0-48.33)

Ost (PORP-TM) 1 55 16.67 3 24.17 (26.67-36.67) 21.11 (15-38.33)

Ofm (TORP-M) 6 27.54 (28.33-56.67) 22.93 (18.33-56.67) 2 27.19 (30-53.33) 21.52 (20-38.33)

Oft (TORP-TM) 7 27.72 (13.33-41.67) 23.44 (13.33-43.33) 1 56.67 63.33

Legend
* On: intact ossicular chain
* Ox: no data available in the chart
* Osi: erosion of incudostapedial joint, repaired with cement
* Osm: missing incus, reconstruction between malleus and stapes head
* Ost: missing incus and malleus, reconstruction between the with cartilage reinforced tympanic membrane and stapes head
* Ofm: missing stapes and incus, reconstruction between malleus and mobile stapes footplate
* Oft: missing stapes, incus and malleus, reconstruction between the with cartilage reinforced tympanic membrane and mobile stapes footplate


