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Fig. 28.8

Closure
The periostial flap then replaced over the receiver implant, and the wound is
closed by suturing the skin muscle flap. Rubber foam under the ear bandage is
useful as it applies slight pressure and prevents haematomas.

Mastoiditis
If mastoiditis develops on the implanted side, the indication for opening the
mastoid is the same as in other patients. The surgeon should obtain a lateral
skull X-ray and a computed tomography scan to identify the exact position of
the electrodes. Normally the implant does not have to be removed unless there
are signs of labyrinthitis. If labyrinthitis is suspected the diagnosis is difficult,
due to the absence the usual signs such as inner ear hearing loss and vertigo.
The lateral semicircular canal may be diagnostically opened.
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29 Revision Surgery After Cochlear
Implantation

Joachim Müller, Holger Sudhoff, Henning Hildmann

For decades cochlear implants have been the standard treatment for deaf adults,
teenagers, and children. As with all technical devices, the lifetime of cochlear
implants is limited, and as with all surgical procedures, complications during or
after cochlear implantation may occur. Also malfunction of the device may hap-
pen earlier than expected due to device failure or for other reasons.

In the literature cochlear implant failure rates or revision rates vary from
~2% to 18%. A direct comparison of revision rates or failure rates published
in the literature or given by the manufacturers is practically impossible on
account of the different inclusion criteria and the extreme variations in data
sources (such as different age groups: adults or children, implant generations,
sample size, period under review). For detailed failure analysis it is necessary
to specify implant failures more precisely and to differentiate between “patient
related failures” and “failures which come within the manufacturer’s field of
responsibility”.

Revision Surgery Can Become Necessary for Several Reasons

Medical Reasons
Medical reasons are all those related to surgery including flap problems, infec-
tions, surgical complications, incorrect positioning of the active or reference
electrode, failures following fixation of the electrode, meningitis cases or
cochlear implantation due to incorrect diagnosis.

Electronic Failures
Failures of the implant system can be due to electronic faults.

Trauma
An external trauma may lead to a fracture of the cochlear implant, such as may
occur with ceramic implants, or may result in a broken housing, which was previ-
ously described to result from external forces in implants with metal housings.

Electrode Failures
A trauma can also damage the electrode and lead to fractures of the electrode
wires. This category also includes damage to the electrode during insertion or
surgery.
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Soft Failures
With increasing numbers of implantations we may be faced with a new category
of “soft failures” which lead to revision. This includes revisions where the
patient complains about clinical symptoms of malfunction and postoperative
device testing showed device function within the manufacturer’s specifications.
In general it can be said that trauma is a common reason for revision surgery.

Cochlear implant revision seems to occur more often in children than in
adults.

Lower revision rates for the latest implant generations reflect the increasing
surgical expertise and the continuous modifications and improvements in
cochlear implant hardware made by the manufacturers. Recent studies on the
latest implant generation showed remarkably low failure rates of less than 2%
in Würzburg.

During revision surgery, the reinsertion of the new electrode remains the
crucial point. For the Nucleus System it has been reported in the literature that
in 7% of reimplantations the insertion of the new electrode was limited [1],
whereas other studies found that the reinsertion of the electrode carrier in 21
revisions was as deep as achieved in primary surgery. In single cases an even
deeper electrode insertion was observed during upgrade surgery. In principle,
the risk and the tendency of ossification of the basal turn of the cochlea remain
possible. It has been discussed that the initial insertion trauma may lead to
ossification and impedes reimplantation. There is a small chance of this but
the option for implanting the contralateral side should be mentioned before
surgery. Usually, a soft tissue tube surrounds the electrode carrier. This soft
tissue envelope also protects against infection from the middle ear to the inner
ear at the side of the cochleostoma.

Especially in children the mastoid plane shows a high tendency for neo-
osteogenesis and ossification. The new bone formation may close the cavity
partially or completely and surround the electrode on its way into the mastoid.
We have never, however, observed bone new formation in the cavity or in the
facial recess.

New bone formation may also cover parts of the implant housing. Bony fixa-
tion of the electrode carrier inside the growing mastoid does not usually pre-
sent any difficulties.

It is important to do all the preparations during revision surgery systemati-
cally and leave the electrode carrier in place. As a last step the electrode should
be removed and the new electrode should be introduced immediately to avoid
a collapse of the soft tissue tube around the electrode.

In general, the aim is to remove the implant completely without cutting off
any of the electrodes or damaging the device to allow for postoperative evalua-
tion. However, in selected cases it can be helpful to cut off the active electrode
at the side of the facial recess to facilitate better preparations in the mastoid
and the facial recess.
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Generally, reimplantation should be performed immediately after confir-
mation of the device failure. If reimplantation is not possible on the previously
operated side, the patient should be informed about the possibility of implan-
tation of the contralateral side.

With the tendency to implant more and more younger children, the number
of cochlear implantees at very young ages is increasing. Thus we are faced with
a population that is frequently experiencing courses of otitis media. This may
result in the necessity for surgical interventions due to otitis media or mastoid-
itis as in children without cochlear implants. As in every case of purulent mas-
toiditis, mastoiditis in cochlear implant patients should also be immediately
treated surgically. Draining the mastoid and removing the inflammatory tis-
sue is mandatory. Depending on the individual situation the device can be left
in place. If not, the electrode carrier should be cut off and left as a placeholder
inside the cochlea to allow for a later reinsertion of a new device. An involve-
ment of the cochlea or the labyrinth seems to be extremely rare. We should
keep in mind, however, that the typical clinical symptoms – vertigo, tinnitus
and hearing loss – cannot be observed.
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30 Labyrinthectomy
Henning Hildmann

Definition
Removal of the labyrinthine portion of the inner ear with opening of the
vestibule and destruction of the neuroepithelium

Indications
Labyrinthectomy – purulent labyrinthitis
Extended cholesteatoma
Malignant lesions
Vestibular vertigo without serviceable hearing
First step of approach to the internal auditory canal

Surgical Procedure
1. Extensive mastoidectomy with modelling of the sinus dura angle, the

bony covering of the sigmoid sinus and the posterior fossa. The posterior
meatal wall is thinned. The attic is opened to visualize the head of the
malleus and the body of the incus. This is impossible in a sclerosed mas-
toid and a low middle fossa. A wide exposure facilitates the orientation.

2. Identification of the lateral semicircular canal and the mastoid portion of
the facial nerve. For the less experienced it is helpful to identify the facial
nerve in its mastoidal course by drilling the bone over the nerve until it is
seen under the remaining thin layer of bone. A diamond drill larger than
the diameter of the nerve should be used to reduce the danger of injury.
The drilling must be performed parallel to the course of the nerve.

3. Identification of the superior and posterior canal and the subarcuate fossa
with the artery.

4. Opening of the canals with a cutting burr preserving the medial part for
orientation. The common crus of the posterior and superior canals are
identified. The ampullae of the superior and lateral semicircular canal are
lateral to the facial nerve. The medial fossa may bulge into the mastoid lat-
eral to the superior semicircular canal. The dura should not be damaged.

5. The semicircular canals are removed and the vestibulum is widely
opened. The vestibulum and the ampulla of the posterior canal are situ-
ated under the facial nerve. The superior vestibular nerve can be seen as a
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white structure. It protects the facial nerve and indicates the superior end of
the internal auditory canal.

All sensory structures should be removed in vertigo cases. The sacculus and
utriculus are removed from the vestibulum with a hook. For purulent labyrin-
thitis it may additionally be necessary to open the cochlea, removing the sta-
pes and drilling away the bridge between the round and the oval window.

Labyrinthectomy is the first step for vestibular neurectomy. The illustra-
tions for this procedure are found the next chapter.
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31 Vestibular Neurectomy –
Translabyrinthine Approach

Henning Hildmann

Indications
Vestibular vertigo and unserviceable hearing, temporal bone fractures
with injuries of the facial nerve

Contraindications
Infections of the mastoid and the middle ear

Surgical Steps
1. Extended mastoidectomy is performed. The sinus, media and posterior

fossa are identified under a thin layer of bone as well as the body of the
incus and the semicircular canals (Fig. 31.1). The nerve is identified in its
mastoidal portion using a drill larger than the diameter of the nerve and
drilling in the direction of the course of the nerve. A thin cover of bone
protects the nerve from injury during the following steps. Before opening
the internal auditory canal a good exposure of the surgical site is impor-
tant. It should be larger than for a labyrinthectomy. The infra-, supra- and
retrolabyrinthine cells are removed to model the semicircular canals to
identify the landmarks for the next steps. The cavity is drilled downwards.
The jugular bulb, which is very variable in height, may be reached. Gener-
ally it is more anteriorly situated. Its exposure is not mandatory as in
tumour surgery. The cochlear aqueduct, which lies frontally above the
jugular bulb, should be respected. The glossopharyngeal nerve exits the
posterior cranial fossa immediately underneath and may be injured. If the
sinus is protruding, the covering bone may be thinned and fractured
backwards. After removal of the incus and if possible the head of the mal-
leus the facial recess is opened and the facial nerve can be seen above the
oval window. This helps to control the course of the nerve (Fig. 31.2). In a
well-pneumatized temporal bone it can be followed to the cochleariform
process.

2. The lateral semicircular canal is opened followed by opening of the poste-
rior and superior semicircular canals. They should not be drilled away
completely at this stage because they serve as landmarks. The ampulla of
the superior canal protects the facial nerve (Fig. 31.3).
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Fig. 31.1

Fig. 31.3

Fig. 31.2

Fig. 31.4

3. The subarcuate artery is identified, bleeding may be controlled with a
slowly revolving diamond drill or bipolar coagulation, and the lateral canal
is removed. The vestibule is opened. After removal of the posterior canal the
endolymphatic duct leading from the vestibule to the endolymphatic sac
can be seen. There is a risk of the shaft of the drill contacting the facial nerve
and causing heat damage (Fig. 31.4). After removing the bone over the lat-
eral and superior ampulla superiorly and the ampulla of the posterior canal
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inferiorly, the nerve ends of the superior and lateral ampullary branch can
be seen superiorly and the singular nerve (to the posterior ampulla) inferi-
orly. The nerves outline the upper and lower limits of the internal auditory
canal. The upper vestibular nerve is located lateral to the facial nerve and
protects the nerve from injury in this region.

4. While the fundus of the internal auditory canal is located immediately
under the vestibulum, its porus to the posterior fossa is about 1 cm more
medial under hard bone. The exposure requires patient drilling. The dura of
the internal auditory canal should not be opened to protect the nerves. The
bone above and below the canal is removed generously downwards to the
jugular bulb and upwards to the bone covering the dura of the middle fossa.
The canal remains covered with a thin layer of bone and is exposed in about
half of its circumference, about 180 degrees, before removing the remaining
bone and opening the dura because after opening the escaping cerebrospi-
nal fluid may push the facial nerve into the operation field and the revolving
drill. Drilling may become dangerous. Towards the posterior fossa the dura
may be exposed. However, wide exposure as in acoustic neuroma surgery is
not necessary. The bone covering the dura of the canal is lifted off with a
curette (Fig. 31.5).

5. The dura is incised and the nerves are seen. The vertical crest separates the
facial nerve from the vestibular nerves (Fig. 31.6). The VIIth nerve must be
identified before proceeding. If identification is difficult the bone covering
the nerve in its labyrinthine portion may be carefully thinned. A nerve
monitor should be used. Towards the fundus the end of the internal audi-
tory canal and the transverse crest are identified. The vertical crest sepa-
rates the vestibular nerves. The posterior ampullary nerve, part of the infe-
rior vestibular nerve, is found inferior to the crest (Fig. 31.7).

6. After clear identification the nerves are cut towards the fundus and are sep-
arated with a hook (Fig. 31.8).

7. The internal auditory canal is closed with fascia and covered with abdomi-
nal fat. Fibrin glue is used.
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Fig. 31.5 Fig. 31.6

Fig. 31.7 Fig. 31.8

31 Vestibular Neurectomy – Translabyrinthine Approach 161



32 Vestibular Neurectomy –
Transtemporal Approach

Henning Hildmann

Indications
The vestibular neurectomy approach is used for surgical treatment of vestibu-
lar vertigo in patients with preserved hearing, especially Meniere’s disease,
temporal bone fractures with facial nerve damage in the region of the genicu-
late ganglion, supralabyrinthine cholesteatomas, cholesterol granulomas and
CSF leaks from the middle cranial fossa; this approach is also used for the sur-
gery of small acoustic neuromas. Acoustic neuroma surgery is not the subject
of this book.

The internal auditory canal and its contents are exposed without compro-
mising the labyrinth or the cochlea. The facial and cochlear nerve can be pre-
served.

Contraindications
Infections of the middle ear or the mastoid. Patients over the age of
65 years may have problems due to the compression of the temporal lobe.

Complications
CSF leak, haematoma, sensorineural hearing loss, facial nerve paralysis,
meningitis.

Anatomy
The superior semicircular canal is used for orientation. In a pneumatized mas-
toid it is hidden under the supralabyrinthine cells. The internal auditory canal
forms an angle of 60 degrees with the superior semicircular canal open
towards the posterior fossa. The superior petrosal nerve is used as an addi-
tional landmark (Fig. 32.1). The eminence seen on the superior plane of the
temporal bone corresponds to the superior semicircular canal but does not
indicate the exact position.

Surgical Procedure
The surgeon sits at the head of the patient. A vertical skin incision is made 8 cm
from the root of the zygoma, and the temporalis muscle is exposed. An incision
is made to the temporal bone including the periosteum. The crossing branches
of the temporal artery need to be ligated. Fascia for covering the internal audi-
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Fig. 32.1

tory canal at the end of the operation is harvested. The exposure of the bone is
followed by the craniotomy (4 × 4 cm) above the root of the zygoma, two-
thirds in front and one-third behind.

The bone is removed by outlining the area with the drill and the dura is
detached. The bone vessels and dural attachments are coagulated with bipo-
lar forceps, the drill edges are smoothened and the opening is enlarged cau-
dally towards the upper plane of the temporal bone. After a small incision of
the dura to decompress the CSF, it is elevated from the temporal bone. The
preparation should not expose the medial meningeal artery and the adja-
cent veins to avoid bleeding. If necessary the vessels are coagulated and
packed with Surgicel. As landmarks the posterior edge of the petrous bone
with the superior petrous sinus and the greater superior petrosal nerve are
identified.
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The dura is detached from the superior plane of the temporal bone working
from back to front. In some cases the geniculate ganglion is not covered by
bone.

The House-Fisch retractor is positioned (Fig. 32.2) and is tightly fitted in the
craniotomy. The retractor blade is slowly advanced medially, its centre situ-
ated above the sulcus of the major petrosal nerve in contact with the medial
surface of the pyramid. The dura of the temporal lobe should not be elevated
more than 15 mm to avoid brain damage.

The arcuate eminence is sometimes difficult to see and does not always cor-
respond directly to the superior semicircular canal. Overlying air cells may
cause difficulties. The area of the eminence should be carefully drilled down,
removing bone in a broad plane. The labyrinthine bone appears more yellow
than the surrounding bone. The landmark is the blue line of the superior semi-
circular canal, which has to be clearly identified before proceeding. Drilling
near the fundus of the internal auditory canal, the cochlea and the geniculate
ganglion should be respected anteriorly as well as the semicircular canal and
the vestibule posteriorly. The superior petrosal nerve emerges from the bone
anterior to the geniculate ganglion. The thickness of the overlying bone and
the distance to the ganglion varies. Extensive preparation to the sides of the
surgical field provokes bleeding. Surgical cotton and cauterization become
necessary.

The blue line of the superior canal is perpendicular to the superior petro-
sal sinus. The internal auditory canal meets the anterior end of the superior
canal at an angle of 60°. The covering bone is drilled away respecting the
cochlea and the labyrinth. A large amount of bone has to be removed. The
internal canal appears as a grey area. It should be exposed from the posterior
fossa to the fundus. The bone must be removed on the sides of the internal
auditory canal exposing as much as possible of the circumference of the
canal. This gives more room for the identification of the nerve. Especially
close to the fundus the field is limited by the superior canal and its ampulla
laterally, by the ganglion frontally and by the cochlea medially. A thin shell of
bone and the dura must be left intact for as long as possible. Early opening of
the internal auditory canal causes a flow of CSF. As a consequence drilling
becomes more dangerous because the facial nerve is not protected by the
dura. The turbulence in the CSF caused by the drill may pull the nerve into
the revolving instrument. Only after complete removal of the bone is the dura
exposed without opening and followed to the entrance of the facial nerve,
which might be identified under the bone in its labyrinthine portion before
entering the fundus (Fig. 32.3). The position of the superior petrosal nerve
may be a help in estimating the position of the ganglion. A nerve monitor is
used.
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Fig. 32.2

After the opening of the dura the CSF may flush the nerves into the region
of drilling. Injury is possible. The vertical crest (Bill’s bar) and the entrance of
the facial nerve into its labyrinthine course are identified. The nerve can be fol-
lowed towards the posterior fossa. In acoustic neuroma surgery the position
may be altered by the tumour.

The facial nerve must be clearly identified. The connections to the vestibu-
lar nerve are separated. Then the superior vestibular nerve can be sectioned
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Fig. 32.3 Fig. 32.4

followed by sectioning of the inferior nerve including the ganglion. Sharp dis-
section is preferable to prevent injury of vessels serving the cochlea nerve.
Small vessels on the vestibular nerve are cauterized with bipolar forceps
(Fig. 32.4).

The defect is closed with fascia and a muscle graft stabilized by fibrin glue.
The bone removed by the craniotomy is replaced after suture of the dura inci-
sion. The covering tissue layers are sutured.

166 32 Vestibular Neurectomy – Transtemporal Approach



33 Retrosigmoidal Approach
Martin Scholz

Introduction
The vestibulocochlear nerve is composed of three parts: the inferior and supe-
rior vestibular nerves and the cochlear nerve. The two vestibular nerves fuse to
become one nerve before they exit from the internal acoustic meatus. The ves-
tibular nerve and cochlear nerve join to form the eight cranial nerves closer to
the brain stem. Indications for the suboccipital retrosigmoidal approach to the
vestibular nerve are extremely rare. Only limited clinical experience has been
gained with microvascular decompression of the vestibulocochlear nerve for
the treatment of tinnitus or vertigo. The procedure of cutting the vestibular
nerve as a treatment for therapy-resistant vertigo should be used only in a
small group of selected patients who have failed to respond to all other thera-
peutic modalities.

Surgical Procedure

Positioning
The operation can be carried out with the patient in a sitting or lateral position
at the surgeon’s discretion.

Sitting Position
In our opinion surgery performed for the treatment of complex cerebellopon-
tine angle tumours should be carried out with the patient in a sitting position
if the suboccipital retrosigmoidal approach is used. This approach offers per-
fect conditions for microsurgical manipulations since all fluid (e.g. blood)
rinses out of the operative field. The surgeon has both hands free for operative
manipulations; suction of collected fluid is not necessary. Despite this advan-
tage, however, the sitting position poses the risk of air embolism.

The risk of air embolism can be reduced to nearly zero by optimizing sev-
eral conditions. We recommend placing a special cushion under the patient’s
legs in order to lift the legs to the level of the heart and the teeth to the same
level as the frontal region. The patient is now no longer sitting but is in more
of an embryonic or astronaut position (Fig. 33.1). Following this procedure the
pressure in the sigmoid sinus is not less than zero and air embolism is
extremely rare.
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If sinus opening occurs the assistant should rinse the operative field exten-
sively so that fluid and not air will be aspirated by the sinus. If air is detected in
the precordial Doppler, it can be aspirated by the anaesthesiologist using the
central catheter. If sinus laceration cannot be detected, quick compression of
the jugular vein by the anaesthesiologist is sometimes helpful. If depression of
the cardiopulmonary circulation results, the head should be positioned lower
and the feet higher using the table steering remote control. With this constella-
tion it is necessary to cover the operative field with wet Cottonoid paddies.

With the patient in a sitting position two different devices can be used for
the surgeon’s armrest. The first device is a special board, connected to the
operating table, which can be angled and fixed in different ways to meet the
surgeon’s individual requirements.

It is important to simulate the surgical procedure and arm position after
positioning the patient but before sterile draping in order to create a comfort-
able situation for the surgeon. The patient’s head position can vary according
to his or her height. If the patient is sitting too low, it is not possible to collect
cerebrospinal fluid. If the patient is sitting very high, in contrast, we have to
operate free handed, which is very uncomfortable. The proper adjustment of
the patient on the operating table allows the surgeon to proceed in a calm and
totally satisfying manner. The other possibility for an armrest is the so-called
“chicken ladder” (Fig. 33.2). This device is also adjustable; however, it is too
narrow and causes pain in the forearm if used for long operations.

During positioning the head of the patient is turned slightly towards the
side of the tumour and the chin is angled downwards (cave: compression of the
jugular vein).

The risk of air embolism is the reason why the sitting position is rarely used
in the United States, the United Kingdom or the Netherlands. Neurosurgeons
in these countries prefer the lateral position, which is described in the follow-
ing.

Lateral Supine Position
In our opinion this position is suitable for microsurgical vestibular neurec-
tomy and is in fact the position of choice for this procedure. The patient
selected for this intervention has to be placed in a supine position with a cush-
ion supporting his/her shoulder. The arm should be stretched slightly to the
opposite lower corner of the operating table to bring the shoulder out of the
surgeon’s reach (Fig. 33.3). The head is then turned to the opposite side; the
chin should be brought upwards. The Mayfield clamp should be adjusted so
that it does not hinder later microsurgical manipulations. Using the remote
control for the operating table, the surgeon can also turn the patient to the
opposite side if necessary. It is important to protect the patient from falling off
the table with an additional holding device. If right-sided vestibular nerve
neurectomy is planned, the surgeon and assistant surgeon are standing side by
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Fig. 33.1

Fig. 33.2 Fig. 33.3
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