TYMPANOPLASTY (TPL)

3

3.1

General overview and history
According to the definition established in 1965
by the American Academy of Ophtalmology and
Otolaryngology, Subcommittee on Conservation
of Hearing, TYMPANOPLASTY (TPL) is “a
procedure to eradicate disease in the middle ear
and to reconstruct the hearing mechanism with/
without TM grafting”.
As already stated in the previous chapter
about the story of middle ear surgery, Tympanoplasty includes three types of surgical procedures which can be performed both isolated and
all together depending on the amount of disease
which affects the middle ear, namely the TM
(Myringoplasty), the Ossicular Chain (Ossiculoplasty), and the mastoid bone (Mastoidectomy).
Myringoplasty and Ossiculoplasty will be analytically discussed in separated chapters. In this
chapter, we will outline the general concepts of
Tympanoplasty, focusing in particular on the
mastoid component.
Comparing the classification of Wullstein
(1956) and Tos (1995), what changed was “only”
the systematization of the sound transmission
treatment, where in the former no ossiculoplasty
was addressed, while Tos could distinguish between the simple myringoplasty, a partial ossicular replacement and a total ossicular replacement.
As included in the definition, the aims of
tympanoplasty are the following classical three:
1. Curing the disease in order to heal the ear and
make it safe (HEALED /SAFE EAR);
2. Creating the basis for a persistently healed
and stable condition (STABLE/HEALTHY
EAR);
3. Restoring the hearing (FUNCTIONAL/
HEARING EAR).
These goals are progressively more difficult to
achieve, being the functional outcome the most
difficult, and also with the least priority, when

compared to the risk of threatening complications due to inflammation and infection.
The indications range from a simple, dry, TM
perforation (type 1 TPL or myringoplasty) to a
chronically inflamed ear (granulomatous/polypoid otitis, cholesteatoma), as well as tympanosclerosis (probably fewer than in the past) and
disventilation problems like retraction pockets,
where the endoscopic technique seems to play an
important role.
There are absolute and relative contraindications. The former includes a poor health status in
addition to heavy local inflammations with brain
complications, and the only hearing ear. Relative
contraindications might be a confirmed eustachian tube dysfunction and chronic ear discharge
associated with allergic rhinosinusitis.
Depending on the surgeon’s preferences, most
middle ear surgeries can be performed under local and general anesthesia. Myringoplasty and
standard tympanoplasty cases may be carried out
under local anesthesia, while major procedures,
with extensive bone work or in particular in pediatric patients, are better performed under general anesthesia.
Regarding the surgical approach, three are the
codified routes:
– transcanal: surgery is performed through the
ear canal via a mobile or self-retaining ear
speculum. Indicated only for myringoplasty
and minor ossiculoplasty procedures. The
wider the EAC, the more indicated this approach. The perforation must be fully visible
and controllable. Endoscopic ear surgery has
already modified this “dogma”.
– endaural: the transcanal approach is enlarged
by incising skin and soft tissues between the
superior margin of the tragus and the anteroinferior edge of the elix (intertragal-elix incision)
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and retracting the External Auditory Meatus
EAM by means of self-retraining retractors.
This widens the approach while maintaining a
direct view of the TM and the tympanic cavity.
A complete canalpasty can be accomplished.
Most anterior perforations are better managed
with a retroauricular approach.
– retro (post) auricular: the middle ear space is

reached via a retroauricular skin incision and
a detachment of the cutaneous posterior wall
of the EAC. The direction is angulated from
posterior to anterior, thus allowing (with or
without a canalplasty) an optimal view of the
anterior quadrants of the TM.
More details will be added in the chapters 4.
Myringoplasty and 5. Ossiculoplasty.

3.2

Techniques
Generally speaking, when dealing with tympanoplasty, the surgical treatment includes the
mastoidectomy, that is the surgical opening of
the air cells of the mastoid.
Over the years, the indications for mastoidectomy varied from a constant performing, especially in the pre-antibiotic era, when the infection was the principal issue, to a progressively
reduced rate of mastoid procedures, through the
years.
Today, one may say that, for the simple
chronic muco-purulent otitis media, opening
the mastoid is seldom required. In fact, the majority of the studies agree upon the lack of additional curative effect from a mastoidectomy, and
the closure of the TM perforation is considered
the most important factor for the pathology to
heal.
Conservative and or limited-extent mastoidectomy has been advocated to restore and preserve the mucosa, which has been demonstrated
to be of the utmost importance for gas exchange
within the middle ear and for preventing tympanic retraction.
When dealing with more tedious and insidious diseases, instead, like the granulomatous
and polypoid otitis, the mastoidectomy seems
to be indicated, as it is in all cases of cholesteatoma whenever there are clinic or radiologic
signs of mastoid involvement.
In cholesteatoma cases, there has been a
long-lasting debate about preserving the posterior bony canal wall (intact canal wall procedure, canal up procedure, closed tympanoplasty), in order to restore the normal anatomy, or
rather drilling out the posterior bony canal wall

(canal wall down procedure, canal down procedure, open tympanoplasty) in order to expose
the whole ear spaces and obtaining a cylindrical,
well aerated, cavity by a simultaneous enlargement of the EAM and EAC.
Starting from the radical operation, the otosurgeons tried to be more and more conservative. In 1958 the German Claus Jansen developed his technique of a combined approach
tympanoplasty, where the posterior bony canal
wall was skeletonized by drilling the mastoid
and, once arriving into the antrum, the tympanic cavity was reached from posteriorly and laterally by drilling out the bone in the facial recess,
that is the triangular space between the fallopian
canal, medially and posteriorly, the chorda tympani canal, lateral and anteriorly, and the short
process of the incus, superiorly.
This “posterior tympanotomy”, as named
by Jansen, corresponds to the “facial recess approach” in the English literature, which Bill
House and others contributed to develop and
popularize in the 1960s (Fig. 3.2.1).
Posterior approach was the key to treating
and cleaning the ear spaces while maintaining
the original anatomy of the ear. In doing so the
biology of the ear was maximally preserved and
the opportunity to rebuild a normal environment was maximized.
This was particularly appealing because every ear surgeon was daily facing the sequelae
of tympanomastoid surgery, with more or less
wide cavities very often persistently inflamed
and discharging. Moreover, the closed technique was ideal for reconstructing the sound
transmission system.
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The TM was reconstructed at this stage,
while the ossicles were
cleaned and possibly
saved but, if involved by
the cholesteatoma, taken out and the middle
ear cleft sheeted with a
molded tympano-mastoid thick silastic.
In a six to twelvemonth period, a second look had to be
performed, in order to
detect possible residual or recurrent disease.
If everything looked
good, a functional
FIG. 3.2.1. Posterior tympanotomy. Facial recess approach (1: facial nerve; 2: incus short
step was then carried
process; 3: chorda tympani; 4: lateral semicircular canal; 5: digastric ridge).
out, trying to restore
the sound transmisAs all remember, from the mid seventies to sion system with an ossiculoplasty (see chapter 5,
the mid eighties of the 20th century, the canal Ossiculoplasty).
If cholesteatoma was still present, a further
wall up tympanoplasty appeared as the modern
solution for the surgical management of ear dis- cleaning had to be performed and the functional step postponed to a later (third) operation.
eases, namely the cholesteatoma.
In those years the patients used to undergo
However, as the results became available, it
was evident that the percentages of recurrences multiple surgical sessions, then more and more
and persistent disease were significantly higher surgeons started to pursue the hearing rehathan those of the classical modified radical sur- bilitation in the same curative surgical step, if
gery, now named “open tympanoplasty”.
they felt certain to have obtained a good clearIn contrast to the better respect of the origi- ing of the cholesteatoma. Similarly, an attitude
nal anatomy, closed tympanoplasty was demon- to transform more early an unsuccessful closed
strated to be less effective in clearing hidden areas cavity into an open one took place.
The popularity of the closed techniques unof tympanic spaces, namely the sinus tympani.
Several means were developed to explore doubtedly favored the development of the resuch hidden areas. All the no longer young oto- search related to the ossicular replacement masurgeons remember any kind of mirror. Unfor- terial and a large variety of prostheses became
tunately, suitable ear endoscopes were unavail- available.
This topic will be more widely treated in
able in those days.
On the other hand, otosurgeons in favor of chapter 5, Ossiculoplasty. As already mentioned
the closed techniques replied that even drilling in the chapter 1, Short History of Middle Ear
down the posterior bony ear canal did not allow Surgery, the debate about closed and open
a complete exposition of the-difficult-to-reach- tympanoplasty techniques has been continuous
areas.
for the last thirty years or more.
Only in the last fifhteen years it seems that
This problem, in addition to an increased
interest in the functional rehabilitation of hear- the open technique may be preferred for the
ing, led to and popularized the so called staging treatment of the cholesteatoma of the middle
policy (Staged Tympanoplasty). A first curative ear. This attitude has been favored by the further
step was addressed to clear all the ear spaces improvements in the surgical technique, which
with a wide mastoidectomy, posterior tympa- implies a mastoid exenteration “à la demande”,
notomy, canalplasty and a combined approach its obliteration when feasible, a modified Bondy’s
from posteriorly (transmastoid) and anteriorly approach, tailored meatoplasties and an ossicular
(trascanal).
reconstruction in the residual tympanic cavity.
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In fact, the ideal for a successful tympanoplasty is to create a cavity that resembles a cylinder,
in its medio-lateral extension (Figs. 3.2.2 and 3).
The bottom of the cavity, which corresponds
to the tympanomastoid wall, should have a very
low bump, corresponding to the facial ridge
(Fig. 3 2.4).
The rational is to guarantee a good ventilation of the new tympanic cavity in order to
avoid an excess of humidity at its bottom which,
together with the epithelial exfoliation, produces a wet material which promotes irritation and
discharge.
Many are the proposals to give EAM a sufficient diameter with the minimum disfigurement. The author mostly adopts the proposal
of Sanna (see Chapter 3.4, Tympanoplasty Personal Experience).
Such open cavities may also undergo a hearing rehabilitation by and ossicular replacement/reconstruction that can be accomplished
also in these smaller middle ear cavities. All of
these technical options have generally led to the
achievement, also for the open techniques, of a
healthy, stable and possibly hearing ear, allowing the patient to lead a normal life, swimming
and playing sports. And hearing aid fitting is
possible, too.
Open (wall-down) tympanoplasty may also
be performed through an endaural approach,
as popularized by Hermann and as it is still frequently done in the United Kingdom. In this
inside-out, subcortical, tympano-mastoidectomy, the posterior and superior canal walls are approached by anteriorly and medially (endaurally)
and progressively drilled out to realize an open
cavity, which may be tailored according to the
cholesteatoma extension.
In his technical variant, Wigand performs
a surgical fenestration of the superior (the scutum) and posterior (mastoid) bony walls, always
through and endaural approach. Once the cleaning of the patology and the ossicular reconstruction is accomplished, these bony openings are
closed with periosteum and the results is a closed
procedure.
Among the other technical variants the “Canal Wall-Reconstruction Tympanomastoidectomy” needs to be reminded. This operation
consists of performing a wall up mastoidectomy,
which is temporarily open, by resecting the
posterior-superior skeletonized wall, to allow an
easier and hopefully more radical cleaning of the
hidden zones. At the end, the bony fragment is

Wide, complete mastoidectomies were judged
no longer necessary in every case, especially when
the disease was clearly confined to the antrum.
CT imaging, when performed, could be useful in
ruling out a lower mastoid involvement. Another
policy, the one the author adopts, is to perform
a quite wide mastoidectomy in nearly all of the
cases, to avoid missing an isolated and separated
cholesteatoma remnant. Then the surgeon obliterates the cavity, in the safe places, by means of
the bony powder harvested during the drilling of
the mastoid (uninvolved) cortex and mixed with
the patient’s blood.
Other materials can be used or added to the
autologous bone pâté: muscle and mucoperiosteal flaps and also synthetic bony substitutes like
hydroxyapatite cement, bioactive glass ceramics
and calcium phosphate paste.
Another trick to make an open procedure
competitive and functionally working was to
realize a wide-enough but still-aesthetic meatoplasty.

FIG. 3.2.2. Wrong “jug-like” open cavity.

FIG. 3.2.3. Correct “cylinder-like” open cavity (1: supplementary fascia; 2: cartilage; 3: bone pâté; 4: fibromuscular flap).
16
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operative, early postoperative or delayed.
Facial nerve damage is the worst intraoperative complication
but fortunately it is
rare. It should be immediately (intra-operatively) recognized and
properly addressed. If
it appears when the patient awakes and there
is any suspect that the
nerve has been damaged, a quick return
back to the operating
theatre is mandatory.
A surgical decompresFIG. 3.2.4. Optimal facial ridge lowering (1: facial ridge; 2: cochleariform process; 3
sion, anastomosis or
anterior annulus).
grafting must be accomplished.
re-positioned and secured in place. The mastoid
Opening of the semicircular canal may
cavity may also be obliterated with bone-pâté happen and should be treated by obliterating
and the attic blocked with a bone graft from the the iatrogenic fistula with soft tissue and /or
mastoid tip (Gantz, 2005 and 2010). This proce- bone powder.
Sensorineural hearing loss until anacusis may
dure is somewhat demanding and there is some
also happen and must be discussed with the paadditional risk for the facial nerve.
In the last ten years the Endoscopic Tympa- tient before the operation. The rate of occurrence
noplasty has been greatly popularized. It follows is estimated around 1-2 %. If there is radiologic
significant biologic and physiologic principles, evidence of a labyrinthine fistula, the risk is highlike the conservation of the original lining of er and the patient has to be carefully informed
the ear cavities and the preservation of both the and counselled.
Taste disturbance, imbalance and dizziness
gas exchange and the buffering power of the
mastoid. In addition, its minimal invasiveness may happen and in most of the cases tend to disis in agreement with the modern vision of the appear within days or months.
Exuberant granulation tissues may be a
medical and surgical approaches. The surgical
philosophy is, and ought to remain, the same. complication, because it delays or even prevents
In fact the endoscope is only another tool which the epithelialization of the cavity and may lead
allows to do, in some situations (look around to a stenosis of the bottom of the cavity or of
the corner), the same maneuver with better the entire cavity. Conversely, if its amount is
not too abundant, it acts as a positive factor
precision and/or effect.
The prerequisite for successfully performing because it favors the size-reduction of the final
an exclusive endoscopic treatment of cholestea- cavity. Excessive granulation should be avoided
toma of the ear, is that the pathology does not go by preventing over-imposed infections, keeping
beyond the aditus ad antrum and -with the pos- a prolonged packing pressure and removing/desibility of widely removing the posterior scutum, briding the reparative tissues. Surgery may be
necessary to clean back the cavity and re-graft
and the 45°vision- the antrum.
The endoscope can also be very useful dur- it with split- thickness skin grafts or treating a
ing a conventional microscopic procedure, to ex- post-operative stenosis.
Failure of the tympanic graft is slightly more
plore the hidden areas and successfully achieve a
frequent than in the simple Myringoplasty opcomplete exenteration of the disease.
At present time, it should be always available erations (see chapter 4.3, Myringoplasty, Literature Results). This is probably due to the
during a tympanoplasty procedure.
Complications of tympanoplasty may be intra- major amount of infection that chronically in17
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fected and/or cholestatomatous ears bring with
them. Sometimes an initial TM perforation can
be led to healing with otomicroscopic medications. If this is not the case, a surgical revision
is necessary.
In the author’s philosophy, a post-operative
MT perforation is never early addressed, but it
is considered a further option to monitor the
situation of the surgical cavity, especially in the
closed procedures. The drawbacks of having to
avoid water contamination or the higher risk of
infection are greatly outweighed by the possibility to inspect the middle ear cleft and to allow it
to more quickly dry up and heal. When the situation is fully stabilized, a myringoplasty is carried
out, in ideal conditions.
Persistent drainage is most commonly caused
by the persistence of osteitic bone. Over-infected

granulation tissue discharges as well. Preventing it by an accurate surgical cleaning and careful post-operative medications is the best way.
Intensive medical treatment and office-based
otomicroscopical debridement are often able to
solve the problem. If the cavity continues to run
it has to be revised surgically. Conchal condritis may be a complication of the meatoplasty. It
is rare, occurring in less than 1% of the cases.
Again, it should be prevented with aseptic maneuvers, cured with debridement and antibiotics
and finally, if the situation does not resolve itself,
a surgical excision in necessary.
Hospital stay and postoperative care vary, according to geographic and social habits and the
surgeon’s preferences.
For the author’s attitude see the chapter 3.4:
Tympanoplasty, Personal Experience.

3.3

Literature Results
improvement, as reduction of the ABG, of 20
dB. Attic cholesteatoma was confirmed to have
the best rate of ABG closure. Poorer preoperative hearing, open procedure, younger age, bilateral cholesteatoma, ossicular damage and
revision surgery were all factors associated to
worse post-operative hearing results. Once accomplished, the hearing gain tends to remain
stable over time.
Old age does not seem to have a negative
effect on both the rate of cure and the possibility of hearing improvement (Nomura and Co.,
2001).
For other chronic suppurative otitis, without
cholesteatoma, there are only few reports and the
outcome figures often lack.
In the author’s experience the so-called granulomatous otitis are tough cases to operate on and
to cure. These patients refer long-lasting inflammation and discharge, and at surgery the middle
ear is found completely filled with hyperplastic,
granular mucosa. In such cases, the hearing results are often worse than in the cholesteatoma
cases. A similar experience is reported by Wiatr
and Co. (2014).

When dealing with the results of tympanoplasty one must consider what the authors are
analyzing.
The overall goals always concern the extirpation of the disease, the stability of the healed ear,
the functional (hearing) restoration and its maintenance.
Results for type one tympanoplasty (Myringoplasty) will be reported in the corresponding
chapter (4.4.5) as it will be done for the Ossiculoplasty (chapter 5.4.5).
Hereby the literature results are briefly reviewed, concerning cholesteatoma and other diseases like granulomatous/polypoid otitis.
For middle ear cholesteatoma the rate of postoperative recurrence or persistence of the disease
is reported to be between 20 % and 40 % for
the closed (canal wall up) procedures, while open
(canal wall down) tympanoplasty has a risk of
recurrent or persistent disease between 5 % and
10 %.
Those figures are slightly worse for the pediatric population.
As regards to the hearing results, in his survey (2008) Stankovic found an average hearing
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FIG. 3.4.4.1. Pre-operative otomicroscopy.

FIG. 3.4.4.2. Pre-operative audiogram.

FIG. 3.4.4.4. Cholesteatoma matrix in the oval window
and sinus tympani (asterisk: Falloppian canal).
FIG. 3.4.4.3. Cholesteatoma in the antrum.

FIG. 3.4.4.5. Cholesteatoma in the round window niche.

FIG. 3.4.4.6. Cholesteatoma
Eustachian tube.

extending

into

the
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FIG. 3.4.4.7. Wide posterior tympanotomy.
FIG. 3.4.4.8. Footplate with cholesteatoma matrix.

FIG. 3.4.4.9. Molded thick tympano-mastoid silastic sheeting.

FIG. 3.4.4.10. New-TM (temporalis fascia) in anterior underlay.

FIG. 3.4.4.12. Intraoperative view at revision surgery (asterisks: newly formed bone).
FIG. 3.4.4.11. Otomicroscopy (July 2014).
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FIG. 3.4.4.14. Thin silastic sheeting on the promontory.
FIG. 3.4.4.13. Mastoid cavity revised.

FIG. 3.4.4.15. Replacement of the original (first operation) TM.

FIG. 3.4.4.16. Audiogram after the revision operation.

FIG. 3.4.4.17. Otomicroscopy (March 2017).

FIG. 3.4.4.18. Cholesteatoma perforating the newly formed
mastoid bone.
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FIG. 3.4.4.49. Narrow meatoplasty.

The stapes was wrapped by the cholesteatoma, which the surgeon had the impression of
being able to completely remove(Fig. 3.4.4.58).
The facial nerve was not exposed and the lateral semicircular canal was closed (Fig. 3.4.4.59).
A tympano-mastoid thick silastic sheeting
was positioned and an underlay MPL, with
autologous temporalis fascia, accomplished
(Figs. 3.4.4.60 and 61).
The ear healed well, with a 50-55 db conductive hearing loss, shown in Fig. 3.4.4.62.
Initially, the new TM had two small perforations, through which a well-positioned, silastic sheeting and a dry tympanic cavity without
cholesteatoma were visible. Some cholesteatoma
seemed to be present in the inferior/posterior
quadrant, and still attached to the internal surface of the TM (Fig. 3.4.4.63).
Because of the absence of secretion and the
dry condition of the tympanic cavity, it was decided to wait longer before performing a stage II/
revision operation.
The patient did well for nearly two years. A
diffusion-weighted MR was performed, after 18
months, and there were no signs of recurrence. The
otoscopy improved, the TM closed and the hearing
significantly improved (Figs. 3.4.4.64 and 65).
An audiogram obtained in April 2016, shown deteriorated, but still acceptable hearing (Fig. 3.4.4.66).
In July 2016, the patient had a suppurative inflammation with post-auricular swelling,
which quickly remitted after medical therapy.
He seemed to do well for two months then there
was a recurrence of the discharge with evidence
of cholesteatoma coming from aditus region.
A surgical revision was decided and performed on November 11, 2016.

ADULT RECURRENT CHOLESTEATOMA
VIDEO NO. 2 TPL
(Closed TPL, then Radical Operation)
C. M. m., born on August 31, 1976.
May 2013
Referred by an external ENT colleague for
suspected right cholesteatoma behind an intact
TM.
Patient’s history reported a subtle hearing loss
with fullness and tinnitus for approximately one
year. No previous otitis indicated. Conductive
hearing loss with AC at 35 dB (Fig. 3.4.4.50).
Under otomicroscopy, a whitish mass behind the
TM was visible. TM was slightly bulging, with mild
atrophy of the inferior quadrants (Fig. 3.4.4.51).
A CT scan showed a massive involvement of
both the tympanic cavity and the mastoid bone,
with initial erosion of both the tympanic and antrum tegmen (Fig. 3.4.4.52).
A surgical exploration was proposed to the
patient and carried out on June 4, 2013.
The operation started with an exploratory
tympanotomy then, as a huge cholesteatoma was
confirmed to be present (Fig. 3.4.4.53), a postauricular approach followed (Fig. 3.4.4.54).
As soon as the drilling of the mastoid started,
cholesteatoma was evident just beneath the cortical bone (Fig. 3.4.4.55). It occupied the whole
mastoid (Figs. 3.4.4.56 and 57), but appeared cystic and easily detachable. The incus was eroded.
A CWU TPL, with posterior tympanotomy
and careful cleaning of the whole tympano-mastoid spaces, was accomplished.
The incus was eroded and it was taken out
along with the head of the malleus.
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A huge cholesteatoma occupying the attic,
aditus and antrum (Figs. 3.4.4.67, 68 and 69),
was detected.
In the tympanic cavity there was only inflammatory tissue with abundant granulations
(Fig. 3.4.4.70). The facial nerve was uncovered
at its second genu and a wide erosion of the lateral semicircular canal, with the endostium exposed, was also present (Fig. 3.4.4.71).
It was decided to accomplish a “radical” cavity and, after a careful removal of the inflammatory tissue, the Eustachian tube was obliterated
by packing it with gelfoam, followed by a piece
of autologous tissue and a further packing with
more gelfoam (Fig. 3.4.4.72).
The erosion of the LSC was plugged with
bone pâté, after meticulous cleaning. Both the
LSC and the uncovered facial nerve were protected with slices of cartilage taken from the meatoplasty.
The sole inferior part of the residual TM was
maintained and in the remaining cavity the bare
bone was left uncovered. A large, molded, thin
silastic sheeting was positioned onto the medial
wall and draped the lateral (shallow) walls of the
surgical cavity (Fig. 3.4.4.73). This silastic bowl
was then filled with gelfoam soaked in antibiotic
solution and antibiotic ointment while great care

was taken in correctly positioning the skin of the
enlarged EAM and concha in order to let it slip
under the silastic and cover the bare bone.
The goal was to obtain a re-epithelization of
the cavity with the skin of the new EAM and
the remnants of the TM, with the least-possible
shrinkage. To have a cylindrical cavity and not a
jug-like one (see Chapter 3.2, TPL Techniques).
In September 2017 a good healing result
had been obtained, with a well epithelized and
healthy cavity. The meatoplasty was more than
acceptable and the patient did not complain and
was happy (Fig. 3.4.4.74).
Hearing was unchanged from the pre-operative (Fig. 3.4.4.75).
The patient was offered an occluding hearing
aid but at the moment he declined stating he did
not feel it was a necessity.
In July 2018 the situation was unchanged,
with the patient still comfortable and happy
(Fig. 3.4.4.76).
He spent the summer season going to the
sea and taking baths, without any problems. He
had only been warned not to dive, in order to
avoid a possible vertigo attack, due to the sudden, asymmetric, cooling of the two labyrinths,
because of the different thicknesses of the bone
over them.

FIG. 3.4.4.50. Pre-operative audiogram (red circles: April
2013 – red triangles: May 2013).

FIG. 3.4.4.51. Pre-operative otomicroscopy.
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