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Background: Microscope-assisted myringoplasty (MAM) is the most common method of repairing
tympanic membrane (TM) perforations. In recent years, assistance with an endoscope has been increasingly
practised with encouraging results. Research has shown that endoscope-assisted myringoplasty (EAM)
provides a wider view of the TM and bypasses the anterior canal wall hump. The objective of this study is to
identify the utility of EAM by comparing with MAM the graft failure rate and improvements in hearing.
Methods: A retrospective comparative study was undertaken at Logan Hospital in Queensland, Australia,
over a 5-year period spanning 30 June 2013 to 30 June 2018. Patients were divided into two groups—the
MAM group and the EAM group. The main outcome measures were graft failure rate and change in pre/
postoperative three-frequency, pure-tone average (PTA) results.

Results: A total of 70 patients met the inclusion criteria. Of these patients, 10 underwent EAM and 60 had
MAM. Graft failure rates were identified in 38% of MAM patients, and 10% for EAM. Preoperative and
postoperative audiograms were also examined to identify the PTA. The results were stratified for experience
of the operator with consultant surgeons demonstrating an average improvement in PTA of 11 dB using
EAM compared to the MAM (Welch two-sample t-test: P=0.006).

Conclusions: In this study, EAM demonstrates a near four-fold reduction in graft failure rates and

significant improvement in hearing thresholds when compared with the more common MAM procedure.
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Introduction has a prevalence of 30.8 per 10,000 people worldwide,

Chronic suppurative otitis media (CSOM) is a well- with as many as 21,000 individuals dying each year due

described condition characterised by inflammation of to complications (3). Otitis media and perforation of the

the middle ear associated with infection progressing to
ear drum perforation with purulent discharge (1). One
of the most common complications of CSOM is hearing
loss, underlying the importance of optimal definitive
treatment (2). Otitis media-related hearing impairment

tympanic membrane (T'M) tend to occur concurrently.
The intended outcome of treating complications of otitis
media, such as TM perforation, is for the insult to heal
spontaneously; however, this is not always the case. When

longstanding chronic perforations persist treatment focuses
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on the improvement of conductive hearing loss and repair
of the anatomical defect, which is performed by closure
through application of a graft. This is better known as
myringoplasty, one of the most common procedures
performed in otolaryngology today. Whilst CSOM is
a common cause for TM perforation, other aetiologies
do exist, including, but not limited to: head trauma,
barotrauma, iatrogenic perforation and complications of
otitis externa. Microscopes and endoscopes alike have both
played a role in the treatment of middle ear pathology, with
the former remaining the preferred viewing approach due
to availability and cost. As such, the implementation of
surgical teaching still occurs by microscope.

Endoscope-assisted ear surgery has increased in
popularity since it was first observed as a diagnostic tool
in 1967 (4). Thereafter, it surged in practical application
in the late 1990s, but is yet to show a definitive correlation
with improved success when compared to the traditional
microscopic ear surgery method, notably in TM repair
by myringoplasty (5,6). Noted experiences focusing on
different global regions and age groups continue to show no
clear winner (7,8). Generally, the feature that defines both
methods is the surgical view. While microscope-assisted
myringoplasty (MAM) does allow for binocular vision
and two-handed operating, it is limited by the narrowest
portion of the external auditory canal. In endoscope-
assisted myringoplasty (EAM), the endoscope can advance
past this section, obtaining a much wider and clearer image
of the surgical field from its angled lens at the distal end
of the instrument, as well as heightened image resolution.
This creates the potential of avoiding an invasive operative
approach (such as postauricular incision and canaloplasty)
to achieve successful grafting. Therefore, the endoscopic
approach affords improved cosmesis, reduced intraoperative
bleeding and reduced postoperative pain (9).

So far, the literature has focused on the advantages and
disadvantages of both methods and less on the outcomes of
graft success and audiometry. In light of this, the following
retrospective study examines a 5-year period of both
microscopic and endoscopic myringoplasty performed at
a peripheral hospital in Australia with an otology service.
"This study also compares graft success rates and changes in
pre and postoperative three-frequency, pure-tone average
(PTA) audiometry, and whether the endoscopic assisted
over microscopic approach offers greater advantage.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/ajo-20-56).
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Methods

This cohort study was carried out retrospectively by
comparing medical records of all patients who have
undergone endoscopic or microscopic ear surgery at Logan
Public Hospital in Queensland, Australia, from June 2013
to June 2018. Research was conducted using a combination
of electronic and paper records detailing patients’ clinical
and pathological history (n=87), as provided with their
consent. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study
was reviewed and approved by the Metro South Health
Human Research Ethics Committee (approval number
LNR/2019/QMS/53002) and was deemed of negligible
risk in accordance with the National Statement on Ethical
Conduct in Human Research by the National Health and
Medical Research Council of Australia. All patients enrolled
completed the informed consent form. Site-specific
assessment was also obtained, outlining no financial costs
associated with the research. The authors are accountable
for all aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved. The outcomes of
this study will not affect future management of the patients.

All patients with a history of cholesteatoma or previous
ear surgery were excluded from this study, as were patients
undergoing combined operations (e.g., ossiculoplasty).
In total, 70 of 87 patients aged between 4 and 70 years
(53% females and 47% males) met the inclusion criteria
(Figure I). Seventeen patients were excluded due to lack of
postoperative audiogram (n=4) and loss to follow-up (n=13).

The data obtained include age, gender, surgical
approach, visualisation method and graft type. In addition,
types of myringoplasty surgical approach such as endaural,
transcanal, postauricular and endaural plus post auricular
were recorded. Also charted were graft types such as fat,
tragal cartilage, conchal bowl cartilage, triangular fossa
cartilage, temporalis fascia and conchal bowl cartilage plus
temporalis fascia.

Patients of any TM defect size were considered for
analysis. A total of 60 patients underwent MAM (n=60) and
10 patients underwent EAM (n=10). EAM was defined as
a combination of endoscope-microscope use. MAM was
defined as solely microscope use. Of the 70 operations,
19 (27%) were performed by a consultant surgeon and 51
(73%) by an otolaryngology trainee or fellow. Consultant
surgeons performed 4 EAM and 15 MAM. Fellows or
trainees performed 6 EAM and 45 MAM (Tuable 1). Surgical
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Figure 1 Flowchart demonstrating inclusion/exclusion of patients.

Table 1 Myringoplasty distribution by surgeon experience

Operative approach Consultant Fellow/trainee
Myringoplasty (EAM & MAM) 19 51
EAM 4 6
MAM 15 45

EAM, endoscope-assisted myringoplasty; MAM, microscope-
assisted myringoplasty.

Table 2 Operative approach frequencies

Operative approach Patients %

Endaural 9 12.86
Transcanal 29 41.43
Postauricular 28 40.00
Endaural + postauricular 4 5.71

failure was determined to occur with persistent graft failure
between 6 and 24 weeks. Patients then underwent routine
pre- and postoperative audiometry, with PTA calculated
thereafter at 500, 100 and 2,000 Hz. Changes to PTA were
derived from difference in the pre and postoperative values
in decibels (dB).

Statistical analysis was performed using R Statistical
Software (version 3.5.3, R Foundation for Statistical
Computing, Vienna, Austria). Also conducted was the
Fisher’s exact test, to assess the difference between graft

© Australian Journal of Otolaryngology. All rights reserved.
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Table 3 Graft frequencies

Graft utilised Patients %

Fat 6 8.57
Tragal cartilage 17 24.29
Conchal bowl cartilage 6 8.57
Triangular fossa cartilage 1 1.43
Temporalis fascia 37 52.86
Conchal bowl cartilage + 3 4.29

temporalis fascia

failure rate in EAM and MAM, stratifying for level of
surgeon experience, and the Welch two-sample #-test,
to measure any improvement in PTA between the two
methods, again stratifying for surgeon experience.

Results

Seventy patients with persistent TM perforation requiring
surgical repair by myringoplasty were included for study.
The sample was divided into two groups according
to surgical approach: MAM (n=60) and EAM (n=10).
There were 37 females and 33 males. The operation was
performed on the left ear for 34 patients and on the right
ear for 36 patients. The mean patient age [+ standard
deviation (SD)] was 37.87x19.27 years.

Four operative approaches to myringoplasty (utilising
either microscope or combination of endoscope and
microscope) were performed, the most common of which
being transcanal myringoplasty (41.43%) (Table 2). Graft
material was then harvested from five locations around the
ear, notably from the temporalis fascia (52.86%) (Table 3).

Approximately 34% of all procedures experienced
persistent graft failure from 6 weeks to 12 months or more.
However, the MAM failure rate (38.33%) was almost four
times as high as EAM failure (10%) (Fisher’s exact test:
P=0.15; 95% confidence interval (CI): 0.00, 1.47; odds ratio
0.18) (Table 4, Figure 2). Results were stratified based on the
level of experience of the operative surgeon to account for
this significant confounding variable. Trainees and fellows
experienced a MAM failure rate of 40% and an EAM
failure rate of 16.7% (P=0.39) whilst consultants suffered a
MAM failure rate of 33.3% and an EAM failure rate of 0%
(P=0.53).

Across all patients, the mean preoperative PTA (= SD)
was 42.40+18.07 dB, and the postoperative PTA (+ SD) was
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33.46+19.01 dB. The change in PTA for the EAM group
was on average 5 dB lower than the MAM group and had
less variability by comparison. SDs of 13.80 and 6.40 for the
MAM and EAM, respectively, were also noted. The mean
change in MAM PTA + SD was —8.24+13.8 dB, and the
mean change for the EAM PTA = SD was —13.20+6.40 dB.
The mean change in difference in PTA between pre- and
postoperative audiometry (= SD) was —8.94+13.1 dB (Welch

Table 4 Frequency of graft failure rate according to surgical view

Graft failure (%)

Surgical view Graft success (%)

MAM 61.67 38.33

EAM 90.00 10.00

EAM, endoscope-assisted myringoplasty; MAM, microscope-
assisted myringoplasty.

100+

80

60+ m Success

Failure
404

Frequency (%)

20

0-
MAM EAM

Figure 2 Comparative frequency of graft success and failure rates
of MAM and EAM. EAM, endoscope-assisted myringoplasty;
MAM, microscope-assisted myringoplasty.

Table 5 Mean changes in pre and postoperative audiometry

Australian Journal of Otolaryngology, 2021

two-sample 7-test: P=0.08; 95% CI: -0.62, 10.4) (1able 5).
Results were stratified for level of surgeon experience.
Consultants demonstrated an average improvement in
PTA of 11 dB using EAM compared to the MAM (Welch
two sample z-test: P=0.006) (7able 6). Trainees and fellows
demonstrated an average improvement in PTA of 2 dB
using EAM compared to MAM (Welch two sample 7-test:
P=0.62) (Table 7).

Discussion

Minimally invasive surgery has undergone significant
developments over the last 30 years, with current evidence
supporting its widespread adoption due to a reduced
perioperative stress response associated with increased
metabolic demand, catabolism and decreased inflammatory
response to surgery (among other physiological
changes) (10). Pursuit of this has, within the field of
otolaryngology, led to procedures similar to EAM. The
current literature reflects a breadth of other experimental
uses for the endoscope in middle-ear surgery, including
cochlear implantation (11).

The transcanal endoscopic approach transforms the
external auditory canal into a surgical portal, allowing less-
invasive surgery with reduced need for a postaural incision
and canaloplasty, as well as better postoperative recovery.
This is measured by a return to normal daily activity and
patient discharge, in addition to better cosmesis (12).
In paediatric patients, the endoscopic approach can be
beneficial in more challenging cases exhibiting a narrow ear
canal (13). That said, the benefits also have accompanying
shortcomings. For example, loss of depth perception with
monocular vision when switching from endoscope to

Surgical view Patients Mean (dB) SD
MAM 60 -8.24 13.8
EAM 10 -13.2 6.40

dB, decibels; SD, standard deviation; EAM, endoscope-assisted myringoplasty; MAM, microscope-assisted myringoplasty.

Table 6 Mean changes in pre and postoperative audiometry: consultant

Surgical view Patients Mean (dB) SD
MAM 15 -4.56 12.8
EAM 4 -15.8 2.89

dB, decibels; SD, standard deviation; EAM, endoscope-assisted myringoplasty; MAM, microscope-assisted myringoplasty.

© Australian Journal of Otolaryngology. All rights reserved.
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Table 7 Mean changes in pre and postoperative audiometry: fellow/trainee

Page 5 of 7

Surgical view Patients Mean (dB) SD
MAM 45 -9.47 141
EAM 6 -11.4 7.7

dB, decibels; SD, standard deviation; EAM, endoscope-assisted myringoplasty; MAM, microscope-assisted myringoplasty.

microscope can be detrimental to surgical skill. In addition
to this, one-handed operating must be performed while
the acting surgeon’s second hand controls the endoscope,
possibly affecting operation time.

This study also aimed to compare graft success rates
and changes in pre and postoperative PTA, including
whether there is greater advantage of EAM over MAM.
To narrow the study scope, we chose to exclude combined
procedures such as the addition of ossiculoplasty to ensure
homogeneity between groups. As previous research shows,
more complicated procedures are less likely to result in
hearing improvement (14).

Previous literature also varies significantly on the
graft failure rates of myringoplasty (15-19). This study
showed persistent graft failure in 34.29% of patients
post-myringoplasty, irrespective of surgical approach,
visualisation method or level of surgeon experience.
Factors affecting graft success also vary greatly, with Albu
et al. (20) highlighting in the literature that failure rates
can be attributed to various factors such as smoking status
of patients, a healthy opposite ear, and a long dry period
preceding the operation.

Numbers of EAM were limited in this study, despite
this, a trend towards significance is noted in the failure
rate. Overall, the quoted MAM failure rate (38.33%) in
this study is almost four times as high as the EAM (10%).
Stratification for surgeon experience also demonstrates a
near four-fold improvement in graft failure rate in both
groups. The lower EAM failure rate is likely attributed to
improved vision of the TM during graft placement. Further,
the time period used to define persistent graft failure may
have also confounded our reported failure rate. A more
controlled definition could benefit from future research, as
previous literature also lacks a definitive standard of graft
failure (15-19).

The study further noted that improved function of
hearing is a direct measure of quality of life following
ear surgery. Changes in audiometry provide an analytical
correlate in patients with complaints of hearing loss. When
comparing EAM to MAM, the results showed a discrepancy

© Australian Journal of Otolaryngology. All rights reserved.

in the latter group, with PTA 5 dB lower as well as
decreased variability. Of importance, consultant surgeons
demonstrated a statistically significant improvement in
hearing thresholds in the EAM compared to the MAM
groups. This has been noted by Kuo and Wu (21) also found
that EAM improved hearing outcomes as a significant result.
Although the mean change in difference between PTA pre
and postoperatively for consultant lead myringoplasty was
significant (P=0.006), a strong conclusion cannot be made at
this stage due to limited number of EAMs performed. Other
factors that have shown to affect hearing improvement with
graft success include perforation size, with greater hearing
improvement expected in perforations involving >50% of
the TM.

Size also matters when investigating graft failure. In the
literature, Lee et al. (14) reported a 74.1% graft success
rate in perforations approximated to be <50% of the TM
pars tensa; this dropped to 56% when approximated to be
>50% perforation (14). As such, future research should
focus on the presence of PTA discrepancy proportionality
to membrane perforation size, in addition to controlling
for the anatomical variation to the operation that is
performed and the graft type utilised. EAM is also currently
disadvantaged by a one-handed surgical technique. Recently,
a novel concept was proposed—which sees the endoscope
attached to a plate to secure it in place for two-handed
endoscopic surgery (22)—but this requires a prospective
randomised control trial measured against traditional two-
handed MAM operating to establish a more level playing
field when comparing both surgical approaches.

Overall, endoscopes provide easier navigation through
the ear canal as well as improved observation with a
magnified view. Despite its disadvantages, it is a serious
contender in providing better outcomes than traditional
microscope-assisted ear surgery. This study compared
microscopic and endoscopic myringoplasty to determine
whether endoscopic methods improve both graft success
rate and hearing. The findings showed persistent graft
failure in 34.29% of patients post-myringoplasty,
irrespective of surgical approach with a near four-fold
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increase in MAM compared to EAM irrespective of surgeon
experience. As a result, the MAM group recorded PTA
levels 5 dB lower than EAM, with less variability. Also
noted was a significant mean change between PTA pre-
and postoperatively. Furthermore, hearing thresholds were
significantly improved when using EAM in the hands of a
consultant otolaryngology, head and neck surgeon. Overall,
the study suggests that endoscopes offer an effective
alternative for microscope-assisted ear surgery and should
be further investigated in more controlled conditions,
particularly as two-handed endoscopic operating is now a
possibility.
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