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Background: En-plaque cholesteatoma (EPC) describes cholesteatoma occurring on the medial surface
of the tympanic membrane (TM). This occurs with both marginal and central perforations due to squamous
migration onto the medial surface of the TM. Experience with endoscopic removal of EPC associated with
perforation is presented.

Methods: A Retrospective chart audit was undertaken of patients treated with endoscopic ear surgery for
cholesteatoma associated with a TM perforation treated at tertiary referral centers for endoscopic ear surgery
in Sydney, New South Wales, Australia between 2012-2018. Inclusion criteria was TM perforation with
EPC undergoing primary surgery via endoscopic approach. Revision cholesteatoma cases were excluded.
The primary outcomes of interest were the rates of residual cholesteatoma. Secondary outcomes assessed
were change in pure tone average pre vs. postoperatively, and closure of perforation.

Results: During the study period 486 myringoplasties were performed. Thirty-seven patients with EPC
were included (25 male, 12 female) for a total of 37 ears (14 left, 23 right), yielding a prevalence of 7.6%.
Average age was 46 (range, 12-78). Average length of follow up was 22 (range, 6-66) months. Two cases
(5.4%) of residual cholesteatoma were identified on second-look surgery. Re-perforation occurred in
4 (10.8%) cases. There was no statistically significant difference between pre- vs. postoperative pure tone
average (32.2 vs. 30.7 dB, P=0.38). The majority of cases were performed entirely via endoscopy, with
an endoscopic atticotomy in 11 patients (29.7%) and canaloplasty in 3 (8.1%). There were no significant
intraoperative or postoperative complications.

Conclusions: Endoscopic management of EPC is a safe and effective approach with low rates of residual

disease and minimal surgical morbidity.
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Introduction

Cholesteatoma associated with tympanic membrane (TM)
perforations often forms as a sheet-like distribution of epithelial
cells on the medial surface of the TM (Figure I). Due to this
unique arrangement, the authors of this study refer to this
entity as ‘en-plaque cholesteatoma (EPC)’, referring to the in-
growth of squamous epithelium onto the under surface of the
TM by more than 2 mm. This distance is used as it represents
more than the usual margin removed when freshening the
squamomucosal junction in preparation for grafting. Un-
treated EPC can progress to extensive mesotympanic and
middle ear disease that can lead to significant morbidity
(Figure 24,2B) (1). The term ‘en-plaque’ was featured
previously in the literature in relation to meningioma and is
employed when the growth of the tumour occurs in a sheet-
like fashion along the dura, analogous to the flat, plaque-like,
growth of cholesteatoma on the medial surface of the TM (2,3).

Marginal perforations of the T'M are classically associated
with the formation of cholesteatoma. This has traditionally
made their diagnosis, monitoring and management distinct
from central perforations. However, central perforations
can also lead to the formation of cholesteatoma and so,
importantly, should also be treated with the same caution
and index of suspicion as marginal or attic perforations (4-7).
The postulated theory for cholesteatoma formation in the
setting of perforations suggests that migrating squamous
epithelium in the external canal arises from stem cells in the
umbo and annulus. Disturbance of the migration pathway
at the edge of a perforation, from either trauma or infection,
results in epithelium growing medially on to the medial
surface of the TM and into the middle ear cavity (8,9).

EPC may be difficult to identify on examination. Classic
clinical findings include granulation (Figure 3) or irregular
epithelium at the margin of the perforation (Figure 4).
Other clinical clues can include a conductive hearing loss
disproportionate to the size of the perforation. CT scans
may not be able to distinguish between a thickened TM,
granulation tissue, otorrhea and cholesteatoma. Non-
echo-planar imaging diffusion-weighted imaging magnetic
resonance imaging (non-EPI DWI MRI) is frequently
falsely negative due the small volume and spreading nature
of disease (10,11). Additionally, failure to identify disease
arising from a margin of a perforation may result in
attempted tympanoplasty, only to intraoperatively discover
the presence of occult cholesteatoma, necessitating the need
for more extensive and unforeseen surgery. If the disease is
missed intraoperatively then implantation cholesteatoma or
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Figure 1 Endoscopic view of a left ear showing en-plaque
cholesteatoma (EPC; arrow) on the medial surface of the TM

arising from the margin of a perforation (*), stapes (s).

graft failure may occur (12).

Traditionally, the operative approach to cholesteatoma
management has been with the operating microscope. In
recent years endoscopic approaches to the ear provide
a supplement or alternative to traditional microscopic
methods, with similar clearance and recurrence rates (13).
Straight and angled endoscopes scopes, via a transcanal
approach, have been shown to improve visualisation, not
only of perforations, but also of most anatomical regions
and key recesses that may be involved with EPC (14-24).
Utilising endoscopes in the clinical assessment and
operative treatment of TM perforations may provide a
transcanal alternative to traditional microscopic techniques.
Additionally, transcanal endoscopic ear approaches have
been shown to be safe and be associated with other benefits,
including reduced post-operative pain and shorter post-
operative hospital stays when compared to microscopic
post-auricular approaches (25-27). The aim of this study
is to highlight EPC as an under recognised entity and
report the first published outcomes of its management via
endoscopic trans-canal techniques.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/ajo-20-86).

Methods

A retrospective chart audit of all patients with EPC treated
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Figure 2 Endoscopic operative view of a right ear with en-plaque
cholesteatoma (EPC). (A) Endoscopic view of a right ear showing
a central perforation prior to elevation of tympanomeatal flap.
(B) Endoscopic operative view of a right ear after elevation of the
tympanomeatal flap demonstrating mesotympanic cholesteatoma
(arrowhead) arising from the edge of the perforation (arrow),

malleus (*).

by four senior surgeons between 2012 and 2018 was
undertaken. EPC was defined as cholesteatoma associated
with the margin of a TM perforation and identified based
on the intra-operative findings of the surgeon. Cases were
required to have a primary diagnosis of cholesteatoma,
excluding revision cases. Cases where the patient had
undergone a previous myringoplasty were excluded.
Only cases involving endoscopic ear surgery techniques
(Massachusetts Class 2A/B or 3) were included.

Patient medical records and surgical correspondence
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Figure 3 Endoscopic anatomical view of a right ear showing

irregular epithelium at the edge a marginal perforation (arrowhead).

Figure 4 Endoscopic view of a right ear showing irregular

epithelium at the edge a central perforation (arrow).

were used to obtain demographic, follow up and outcome
data. Pre and postoperative Pure Tone Audiometry (PTA)
results were obtained by averaging results for air conduction
at 0.5, 1, 2 and 3 kHz. Operative reports and case records
were utilized to obtain operative data including the surgical
approach, microscopic view, endoscope usage, extent of
disease and the graft material used for tympanoplasty.
Endoscope usage was graded using the grading system
proposed by Cohen ez.4/. (28)

Statistical analysis

Data from all 4 surgeons was collated and utilisng Microsoft
Excel™, descriptive statistics were used to define the
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cohort. Paired #-tests were performed for comparison of
preoperative and postoperative PTA means.

Ethical statement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the North Sydney Local Health District
Human Research Ethics Committee - HREC reference:
LNR/18/HAWKE/38. Individual consent for this

retrospective analysis was waived.

Results

A total of 37 patients met the criteria for inclusion in
the study, 25 (67.6%) were male and 12 (32.4%) of the
patients were female. The average age of the cohort was
46 (range, 12-78) years. Seven (18.9%) patients were
known to have diabetes mellitus, six (16.2%) patients were
immunosuppressed for other reasons and eight patients
(21.6%) had a prior history of smoking.

The perforation was right sided in 23 (62.2%) patients;
central in 10 (27%) cases and marginal in 27 (73%) cases.
Where the perforation was marginal the most common
site was in the posterior portion of the TM, 19 (51.4%)
patients, followed by inferior in six (16.2%) patients and
anterior in two (5.4%) patients. The size of the perforation
varied between patients with a range of 5-60% of the total
area of the TM.

All patients underwent underlay tympanoplasty as part
of the procedure with a fascia graft being utilized in six
(16.2%) cases and composite cartilage graft in 31 (83.8%).
Persistence of the perforation following tympanoplasty
was noted in 4 cases, giving an overall closure rate of
89.2%. All the patients that experienced graft failure were
noted to have a marginal perforation. Statistical analysis
of predisposing patient factors with respect to TM re-
perforation was not possible given the few cases of graft
failure. Furthermore, inspection of the four cases of graft
failure identified no consistent risk factor.

Cholesteatoma extent was limited to the mesotympanum
in 35 (94.6%) of cases with the retrotympanum and
hypotympanum involved in a one (2.7%) case each. In
five (13.5%) cases the disease involved the stapes footplate
and the round window was affected in nine (24.3%) cases.
Ossicular involvement was noted in 11 (29.7%) cases,
necessitating removal of part of the ossicular chain. A total
endoscopic approach (Class 3) was possible in 27 cases
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(73%). Of the remaining cases, five required significant
microscopic assistance (Class 2A, 13.5%) and four needed
minimal microscopic involvement (Class 2B, 10.8%). All
cases were completed transcanal with only three (8.1%)
patients requiring a canaloplasty and 11 (29.7%) requiring
an endoscopic atticotomy for operative access. The
microscope was employed when two hands were required
including to provide counter traction when excising
involved TM or with bleeding around the stapes.

Primary ossicular chain reconstruction was performed
in seven (18.9%) cases: two (5.4%) patients had a
total ossicular replacement prosthesis (TORP), four
(10.8%) patients had a partial ossicular replacement
prosthesis (PORP) and one patient (2.7%) had a cartilage
interposition graft. Complete PTA data was available
for 6 of the 7 cases that underwent OCR, there was
no statistically significant difference between pre- vs.
postoperative PTA in this subgroup (37.7 vs. 33.0 dB,
P=0.21). Additionally, complete PTA data was available
for 32 of the 37 cases in the cohort, similarly, there was
no statistically significant difference between pre- vs.
postoperative PTA (32.2 vs. 30.7 dB, P=0.38) (Figures 5,6).
There were no significant intraoperative or postoperative
complications recorded.

The mean follow-up interval was 22 (range, 6-66)
months. Three (8.1%) patients were lost to follow up.
Residual cholesteatoma disease was noted in two (5.4%)
patients. In the two patients with residual disease, one
presented with a 10% posterior perforation and the other
had a 50% anterior perforation. No meaningful statistical
analysis could be conducted, given the low rate of residual
disease.

Discussion

To date, there are no studies addressing the endoscopic
management of EPC associated with perforations. This
study highlights the importance of routine and thorough
inspection of the TM both pre and intraoperatively
for the presence of cholesteatoma associated with the
margin of a perforation prior to tympanoplasty. The
endoscope is particularly well suited to this application
and can be a useful adjunct to the microscope if there is
any doubt. Additionally, this study also demonstrates that
endoscopic management of EPC is safe, feasible, and is
associated with low levels of residual disease or residual
perforation. The majority of patients (73%) in this study
underwent a totally endoscopic approach with minimal
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Figure 5 Box-and-whisker plot of preoperative vs. postoperative
pure-tone average (PTA).
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Figure 6 Scatterplot of preoperative vs. postoperative pure tone

average (PTA).

need for surgical optimization to achieve an acceptable
endoscopic view (i.e., atticotomy or canaloplasty). While
the assessment and management of persistent perforations
has historically utilized microscopy, the use of endoscopes
for the assessment and treatment of otologic disease and
conditions is becoming more common and proving to have
several benefits. Among these benefits are those ascribed
to minimally invasive surgery in general, including
reduced trauma to healthy tissue and a decrease in post-
operative pain, shorter periods of hospitalization and
reduced complication rates (25-27).

Marginal perforations are associated with a higher risk of
developing secondary acquired cholesteatoma. Importantly,
despite being thought of as ‘safe’ perforations, central
perforations can also be associated with the development
of EPC. In one study, as many as 13.7% of cholesteatomas
were associated with a marginal perforation and a further
13.3% were associated with central perforations (4).
Similar results were noted in the present study with a rate
of EPC of 7.6% during the study period, highlighting
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the importance of routinely excluding pathology prior to
myringoplasty.

Despite only three of the cases presented in this series
having anterior perforations, specific difficulties with the
microscopic visualization of anterior perforations have been
reported. Ayache et 4. (19) and Tseng et al. (20) reported
incomplete visualization of an anterior marginal perforation
using microscopy and otoscopy in 73% and 37%
respectively. The ability of the endoscope to visualize the
extent of the perforation, guide graft placement and inspect
the medial aspect of the perforation to identify EPC, may
be most beneficial for anterior perforations.

Rates of graft success following microscopic surgery have
been reported to be as high as 90 to 95% in the literature,
with similar rates of 80% to 100% success being reported
by authors employing an endoscopic technique (16,29-33).
Lade et al. (17) and Harugop er al. (15) compared both
techniques and found no difference in success rates. In
the case of anterior perforations, where microscopic
visualization can be difficult, success rates of 88% to 98%
have been reported using a microscope, with Tseng et al. (20)
reporting a similar success rate of 93% using an endoscopic
approach. The results from this work show a graft
success rate of 89.2%, comparable to the findings of non-
cholesteatoma perforation series, suggesting the presence of
the cholesteatoma in itself does not impact on the success
of the subsequent reconstruction, provided it is correctly
identified and appropriately extirpated.

Aside from the enhanced ability to visualize the lateral
surface of the TM and associated marginal perforations,
the use of angled endoscopes also facilitates the inspection
of the medial surface of the TM. This allows for the
detection of epithelial inclusions and occult cholesteatoma
where microscopy and non-EPT DWI MRI can be falsely
reassuring prior to surgery (10,11). Additionally, it allows
for the identification of the muco-epithelial junction and
facilitates the removal of squamous epithelium that has
migrated onto the medial surface.

Somers et al. (34) performed a histological study of
whole TM’s with central perforations and found that
the mucoepithelial junction was not at the rim of the
perforation but on the medial surface of the membrane
in 30% of cases. The extent of squamous migration onto
the medial surface of the TM ranged from 0.2 to 1.15 mm
from the rim of the perforation and in 7% of cases,
squamous epithelial inclusions were noted, involving both
the TM and ossicular chain. Similarly, Yadav er al. (32)
also found that the mucoepithelial junction resided on the
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under surface of the TM in 30% of cases and emphasized
the importance of examining the medial surface of the TM
with an endoscope to prevent the formation of iatrogenic
cholesteatoma. These observations highlight the importance
of thorough examination of the medial aspect of the TM
in all perforations. The endoscopic approach facilitates
this well and should be considered even in cases performed
predominantly with the microscope.

The optical advantage provided by the endoscope,
translates to improved assessment of the middle ear
cleft, the medial aspect of the TM and any associated
perforation, reducing the chance of leaving residual
cholesteatoma in areas difficult to visualize with the
microscope alone. Cholesteatoma in this series was limited
to the mesotympanum in the majority of cases, resulting
in complete removal with a totally endoscopic approach.
In the cases with more extensive disease, the microscope
will be a crucial additional asset for access. While primary
endoscopic approach is favored by the authors whenever
possible, the operating microscopic remains indispensable
in situations with extensive disease requiring traditional
open approaches.

The findings of this study need to be considered in
the context of two main limitations. Firstly, the cohort
examined had a relatively short follow up period, potentially
underestimating the true rate of residual or recurrent disease
in this cohort. However, the rates reported in this series
are in keeping with the findings of other authors reporting
their experience with the endoscopic management of
cholesteatoma. Secondly, the relatively low number of cases
over a 7-year period across 4 surgeons may introduce a level
of bias due to inter-operative variability in surgical approach.

Conclusions

This retrospective case series constitutes the first appraisal
of the endoscopic management of EPC associated with
the margin of a TM perforation. This entity should be
routinely considered when faced with a patient presenting
with persistent TM perforation and the presence of
cholesteatoma actively looked for prior to intervention.
The endoscopic approach presents a safe and effective
technique for the eradication of disease limited to the
middle ear and can be combined with conventional
microscopic surgical techniques with success when more
extensive disease is present. The rates of perforation
closure and eradication of cholesteatoma are comparable
to other published series.
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