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16.1 Introduction

To fully understand the three-dimensional anat-
omy of the temporal bone is one of the most chal-
lenging tasks a head and neck surgeon faces. The
temporal bone also stands out for the variety of
pathology affecting it. It is merely impossible to
discuss extensively all the diseases and tumours
affecting this anatomical region and their surgical
management in a single book chapter. This chap-
ter intends to help the reader comprehend the
most common surgical approaches to treat the
diseases and tumours that affect the lateral skull
base more frequently.

It is important to mention that these approaches
are largely designed for adult patients because
such lesions are more common in this population.
Nevertheless, the development of cochlear
implants has radically increased the number of
young children undergoing temporal bone surgery,
a population that implies unique challenges [1].

Specimen dissection is perhaps the most valu-
able tool to properly identify surgical landmarks
and eventually perform increasingly complex
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approaches in the diseased ear; therefore, the
reader is encouraged to attend the laboratory as
often as possible. Besides a solid knowledge of
temporal bone anatomy and its variants, having
adequate otologic instruments and properly pre-
paring and positioning the patient are crucial
steps for a safe procedure.

16.2 Surgical Pathology
of the Temporal Bone

Most patients undergoing temporal bone surgery
are afflicted by benign pathology, which can be
inflammatory, traumatic, congenital, idiopathic,
or neoplastic. Cardinal symptoms of temporal
bone disease are hearing loss, otorrhea, facial
paralysis, pain, and vestibular manifestations.
Unilateral facial paralysis and pain that do not
respond to treatment or are unproportioned to the
signs observed during the physical exam should
draw suspicion of malignant disease.

16.2.1 Benign Pathology
16.2.1.1 Chronic Otitis Media

with Cholesteatoma

Cholesteatoma is defined by the presence of squa-
mous epithelium in the middle ear. It is a benign
pathology, but it is locally invasive and has a
destructive nature. It can be congenital or more
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often acquired. Congenital cholesteatomas are
usually discovered during a routine physical
exam. In contrast, patients with acquired choles-
teatoma tend to have a long history of otorrhea
and conductive hearing loss. Most patients seek
medical attention when hearing loss interferes
with social activities; tinnitus is another common
cause of consult. During the physical exam, tym-
panic membrane retraction and/or perforation,
scutum and/or ossicular chain erosion, foul-
smelling discharge, and an encapsulated white
lesion full of greasy keratinaceous debris are
common signs [2]. An aural polyp may also be
found, and its presence should raise suspicion of
malignant disease. Despite a slow growth rate,
cholesteatomas frequently get infected and can
lead to intratemporal and intracranial complica-
tions. Diagnosis is clinical, but audiometric test-
ing is essential to evaluate the degree of conductive
hearing loss and to identify sensorineural hearing
loss, which might alert the surgeon of a labyrin-
thine fistula. Bone erosion is a classic feature of
cholesteatoma, but beyond diagnostic confirma-
tion, the real value of computed tomography (CT)
scanning is its ability to determine the extent of
disease, rule out complications, identify anatomi-
cal variants, and make a differential diagnosis
with neoplastic disease [3, 4]. Treatment is essen-
tially surgical, and the main goal is to eradicate
the disease. Canal wall down procedure is the
most effective to remove the matrix, but func-
tional results are poor [5]. The use of endoscopes
and the possibility to perform sequential magnetic
resonance with diffusion-weighted imaging have
allowed surgeons to perform less extensive sur-
geries with good results [6-8].

16.2.1.2 Temporal Bone Fracture
with Facial Nerve Palsy

Adult patients with a temporal bone fracture have
a 7-10% risk of developing a facial nerve injury;
the risk is closer to 3% amongst children. The
most common site of injury is the perigeniculate
region, followed by the second genu. The tym-
panic and mastoid portions of the facial nerve
may also be affected [9].

To decide between conservative and surgical
management, the two main factors to consider

are the time of onset (immediate vs. delayed) and
the severity of injury (complete vs. partial). With
regard to the time of onset, paralysis is immediate
in 27% of cases, while in the remaining 73%
facial motion will be normal at initial evaluation
and paralysis installs 1-16 days later. Paralysis is
complete in 25% of cases [10].

Surgical decompression should be considered
in cases of immediate-onset complete facial nerve
paralysis. Cases of complete paralysis in which the
onset of paralysis is unknown should be treated as
immediate. The selection of patients for surgical
management is controversial, as 63% of patients
with immediate-onset complete facial nerve paral-
ysis will recover with high-dose steroids. If the
nerve has suffered an unrecoverable injury, the
outcome after conservative management is poor;
hence, performing electrodiagnostic tests is para-
mount for selecting those patients that will benefit
from surgery. Electroneurography (ENoG) is per-
formed 3-14 days after injury, to allow Wallerian
regression to take place. Two weeks after the onset
of paralysis, electromyography (EMG) is pre-
ferred. Surgery is recommended if ENoG shows
more than 90% of facial nerve degeneration or
EMG fails to reveal voluntary motor unit poten-
tials and only shows fibrillation potentials [11].

Ideally, surgery should be performed within
the first weeks after trauma [12]. Other authors
consider it appropriate to perform surgery during
the first 2 months [13]. A translabyrinthine
approach is preferred in patients with total hear-
ing loss. In those with residual hearing, there is
some controversy on the extension of the proce-
dure. Alternatives are to perform a limited explo-
ration based on clinical evaluation and imaging
or to perform a total facial nerve exploration and
decompression by a middle fossa and transmas-
toid/supralabyrinthine approach [9, 14]. When
compared to the transmastoid approach, the mid-
dle fossa approach allows better exposure of the
geniculate ganglion, the greater superficial petro-
sal nerve, and the tympanic segment of the facial
nerve. The middle fossa approach also enables
the identification of the labyrinthine segment,
while the transmastoid approach does not.
Currently, the surgical management of Bell’s
palsy is controversial.
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16.3 Sensorineural Hearing Loss
and Cochlear Implant
Surgery

Cochlear implant (CI) surgery is the most remark-
able progress in otology in the twentieth century,
allowing rehabilitation of patients who received
little or no benefit from hearing aids. Bilateral
severe or profound neurosensorial hearing loss
continues to be the most frequent indication.
Outstanding results and rapid technological
advances have widened the selection criteria for
candidacy, in both children and adults [15]. One
of the major changes in selection criteria con-
cerns the tendency to lower the age of CI surgery,
in response to evidence showing that an early
diagnosis and implantation allow for better lan-
guage development. In 1990, the U.S. Food and
Drug Administration (FDA) considered that the
minimum age for CI surgery was 2 years old.
Currently, the FDA approves CI surgery in
1-year-old children, and several centres world-
wide support CI surgery in younger children [1].
Those implanted younger than 1 year of age rep-
resent a surgical challenge due to higher possi-
bilities of intraoperative bleeding, facial nerve
injury, and device migration. Difficulties to eval-
uate response to hearing aids and an increased
anaesthetic risk should also be considered.
Electrode insertion through the round window
is the preferred technique for cochlear implanta-
tion. The preferred approach is to perform a sim-
ple mastoidectomy followed by a posterior
tympanotomy (Fig. 16.1). The main risk associ-
ated with this classic approach is facial nerve
injury; the current rate is less than 1%.
Anatomical variations like cochlear ossifica-
tion, chronic otitis media, and cochlear malfor-
mation were considered a contraindication to
CI. However, possible auditory benefits of
cochlear implantation have led surgeons to
develop alternatives to the standard technique.
Non-mastoid approaches, including suprameatal,
transcanal, and pericanal approaches, have been
developed to reduce the risk of facial nerve and
chorda tympani injuries and are useful tools in
the context of cochlear malformations or unfa-
vourable facial recess anatomy. Nevertheless,

Fig. 16.1 CI insertion through the round window, incus
(1), incus buttress (2), lateral semicircular canal (3), facial
nerve (white line), round window (black arrow)

non-mastoid approaches are not ideal when the
goal is hearing preservation, as most require cre-
ating a cochleostomy or providing a limited angle
to the round window precluding a non-traumatic
insertion [16]. The previous techniques might be
contraindicated in patients with an open cavity in
the context of chronic otitis media. In these com-
plex cases, the middle fossa approach is a valid
alternative for CI surgery [17].

16.4 Vestibular Disorders

Injury to the peripheric vestibular system may
manifest with a myriad of symptoms, such as ver-
tigo, dizziness, or chronic imbalance. These
symptoms may or may not be triggered by pos-
tural changes and visual or auditory stimuli.
Vestibular symptoms frequently present them-
selves with auditory and vegetative symptoms.
Clinicians should suspect central vestibular sys-
tem pathology if these are absent or if focal neu-
rological symptoms are present, especially in the
context of an acute vestibular syndrome. An aeti-
ologic diagnosis is challenging and requires a
careful history and a specific battery of tests,
which are not included in the purpose of this
chapter. Surgical management of peripheral ves-
tibular disorders is needed in the minority of
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cases, yet surgery is a valuable resource in
selected cases. Meniere’s disease and superior
semicircular canal dehiscence are two examples
of the role of surgery for vestibular disorders.

16.4.1 Méniere’s Disease

Meéniere’s disease is a well-known cause of epi-
sodic vestibular syndrome. It consists of recur-
rent episodes of spontaneous vertigo usually
associated with unilateral fluctuating sensorineu-
ral hearing loss (SNHL), tinnitus, and aural full-
ness. Specific diagnostic criteria have been
proposed by the Bardny Society [18]. The exact
cause of Méniere’s disease is still a matter of dis-
cussion; nevertheless, endolymphatic hydrops
seems to play a role in pathogenesis. Treatment
options for intractable Méniere’s disease are
endolymphatic sac surgery, intratympanic genta-
micin, vestibular neurectomy, and labyrinthec-
tomy with simultaneous cochlear implantation
[19, 20]. Endolymphatic sac surgery is a specific
procedure for Méniere’s disease, intended to con-
trol endolymph flow and stabilize the disease.
After a series of studies by a Danish group sug-
gesting that endolymphatic sac surgery was com-
parable to simple mastoidectomy with a
considerable placebo effect, the procedure fell
from favour [21, 22]. Re-evaluation of data found
inconsistencies in Thomsen’s study, and endo-
lymphatic sac surgery has proven to have better
control of vertigo than mastoidectomy [23]. In a
systematic review published by Sood and col-
leagues, both sac decompression and mastoid
shunt procedures were effective at controlling
vertigo in the short term (between 12 and
24 months of follow-up) and long term
(>24 months) in at least 75% of patients with
recalcitrant Méniere’s disease [24]. Since endo-
lymphatic sac surgery can preserve inner ear
function and hearing, some suggest that it should
be the first strategy for intractable Meniere’s dis-
ease [25]. Nevertheless, controversy regarding
the efficacy of endolymphatic sac surgery
remains, and a systematic review concluded that

high-quality evidence on the matter is still lack-
ing [26]. Hearing preservation with intratym-
panic gentamicin and vestibular neurectomy is
comparable, but the latter is associated with bet-
ter control of vertigo. Yet, the simplicity of intra-
tympanic gentamicin has reduced the number of
patients treated surgically [27].

16.4.2 Superior Semicircular Canal
Dehiscence

Superior semicircular canal dehiscence (SCCD)
consists of a bony defect in the roof of the supe-
rior semicircular canal (SSC). Minor was the first
to describe the relationship between the anatomi-
cal defect of the temporal bone and a third win-
dow phenomenon [28]. Vertigo induced with
loud sounds and/or pressure changes, egophony,
tinnitus, chronic disequilibrium, and mild con-
ductive hearing loss are frequent symptoms.
Clinical diagnosis based on clinical manifesta-
tions is elusive, as symptoms can be vague, and
SCCD is frequently mistaken with otosclerosis,
perilymphatic fistulae, and otosyphilis, amongst
others. Patients with SCCD have bone conduc-
tion hyperacusis and intact tympanic reflexes,
while patients with otosclerosis do not. CT is
necessary to confirm the anatomic defect, and
slices should be thin (0.5 mm) with reconstruc-
tions in the planes of Stenvers and Poschl
(Fig. 16.2a, b). Yet, most patients with anatomic
dehiscence will be asymptomatic. Moreover, in
the face of a patient with an anatomic defect and
symptoms, surgeons should also bear in mind
that the otovestibular symptoms might not be
explained by dehiscence. This is relevant when
selecting surgical candidates, as surgical treat-
ment of SCCD is highly effective for severe ves-
tibular symptoms in well-selected patients, but
then in many cases, it implies a medial fossa
approach. Vestibular evoked myogenic potential
(VEMP) testing can offer a 91% sensitivity and
96% specificity for diagnosing SCCD, and they
are also valuable for follow-up and assessing sur-
gical outcomes [29].
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Fig. 16.2 (a) CT scan of superior semicircular canal dehiscence (black arrowhead), (b) CT scan of superior semicir-
cular canal dehiscence (white arrowhead) in Poschl plane

16.5 Benign Tumours
of the Temporal Bone

Tumours affecting the temporal bone, espe-
cially malignant ones, are rare. Amongst
benign neoplasms, the most common histo-
logic types are adenomas, paragangliomas,
schwannomas, and mesenchymal tumours like
lipoma, chordoma, hamartoma, and bone-
related neoplasms.

To perform an extensive revision of temporal
bone tumours escapes the scope of this chapter. We
will only mention the most representative lesions,
with emphasis on their surgical management.

16.5.1 Middle-Ear Glandular
Neoplasms: Adenoma,
Neuroendocrine Adenoma,
and Carcinoid Tumours

Adenoma and its variant, the neuroendocrine
adenoma, are rare benign neoplasms. They are
not easily distinguishable from carcinoid
tumours. Literature is characterized by heteroge-
neous terminology, making it difficult to find
standardized reports amongst centres. Adenomas,
neuroendocrine adenomas, and carcinoid tumours
are currently considered primary low-grade glan-
dular neoplasms with metastatic potential and
have epithelial and/or neuroendocrine differenti-
ation [30].

The most frequent symptoms are aural full-
ness and mild hearing loss, most often conduc-
tive. Otoscopy shows a retrotympanic mass with
no distinctive traits. On CT, they are a well-
circumscribed, soft-tissue mass without bone
erosion. On MRI, they show a low-to-intermediate
intensity on T1 with enhancement after adminis-
tration of gadolinium and high intensity on
T2-weighted images [31].

Since the clinical presentation and the imag-
ing tests are not specific, the diagnosis depends
on histologic and immunohistochemical exami-
nation. Based on immunohistochemical markers
and the presence of metastasis, Saliba proposed a
classification of middle-ear glandular neoplasms
(Table 16.1).

Treatment is surgical resection; the procedure
depends on the extension. When the ossicular
chain is involved, it should be removed to reduce
recurrence. The rate of recurrence is 18-22% in
those patients in whom the removal of the ossi-
cles was not performed [33]. Long-term follow-
up is recommended.

16.5.2 Vestibular Schwannoma
and Other Cerebellopontine
Angle Neoplasms

Vestibular schwannoma (VS), previously known
by the confusing name of “acoustic neuroma”, is
a benign, slow-growing neoplasm arising from
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Table 16.1 Classification of middle-ear glandular neoplasm (modified from Saliba and Evrard [32])

Type Description Immunohistochemistry Metastasis Frequency (%)

1 Neuroendocrine adenoma Positive Negative 76

11 Adenoma Negative Negative 20

1T Carcinoid tumour Positive Positive* 4

aMetastasis is more frequently found in the ipsilateral parotid gland

Fig. 16.3 Vestibular schwannoma MRI, (a) T1-weighted, vestibular schwannoma (VS), (b) T2-weighted, cochlea
(arrow), lateral semicircular canal (arrowhead), (¢) T1 post gadolinium

the Schwann cells of the vestibulocochlear nerve.
The vestibular branches are affected in 95% of
cases. They represent 6% of all intracranial
tumours and 80-90% of all cerebellopontine
angle (CPA) neoplasms. 90% are unilateral, and
the most frequent clinical presentation is asym-
metric sensorineural hearing loss and/or tinnitus.
Differential diagnosis of a CPA mass is made
with meningioma, epidermoid cyst, facial nerve
haemangioma, and facial nerve schwannoma
(FNS) [31].

Imaging studies are useful to differentiate VS
from other CPA masses. VS is typically
T1-isointense and T2-hyperintense and enhances
homogeneously with contrast (Fig. 16.3).
Meningiomas are also enhancing lesions but have
a broad dural base and are isointense to grey mat-
ter on T1 and T2, and epidermoid cysts show dif-
fusion restriction. FNS involving the CPA and/or
the internal acoustic segment of the facial nerve
is indistinguishable from a VS unless it extends
to the labyrinthine segment [34]. MRI is also
helpful for prognosis, as VS with cystic changes
is associated with more rapid growth, a deeper

hearing loss, and an unfavourable surgical out-
come [31].

Treatment options of VS include watchful
waiting with MRI, surgical resection, and stereo-
tactic surgery. Treatment selection depends on
tumour size, growth rate, symptoms, patient’s
age and preference, and the centre’s resources.

The goal of surgery is tumour control with as
little morbidity as possible, preserving facial
nerve function and, if feasible, hearing. Hence,
subtotal resection with long-term surveillance is
currently a valid alternative to preserve function.
The approach is selected according to preopera-
tive hearing, tumour size, and tumour location.
Plausible approaches are the middle fossa, the
retrosigmoid, and the translabyrinthine. The
translabyrinthine approach is only suitable when
the patient does not have a useful hearing. If
hearing preservation is intended, the retrosig-
moid or the middle fossa approaches are pre-
ferred. The middle fossa is indicated for small
lateral tumours with less than 1 cm of CPA com-
ponent and retrosigmoid for medial VS with a
larger CPA component [35].
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16.5.3 Temporal Bone
Paraganglioma

Temporal bone paragangliomas (TBP) are benign
vascular tumours that arise from neural crest
cells. They are rare, with an incidence of 1 case
per 1,000,000 habitants per year [36]. Despite
their rarity, they are the most common middle-ear
benign neoplasms. TBP may be further classified
into tympanic and jugulare paraganglioma.
Tympanic paraganglioma (TP) develops from
paraganglion cells in the tympanic plexus associ-
ated with Jacobson’s (IX) and Arnold’s (X)
nerves, and jugulare paraganglioma (JP) from
adventitia of the jugular bulb. Nevertheless, these
lesions share histologic characteristics, epidemi-
ology, and large tumours that will eventually
affect both the mesotympanic area and the jugu-
lar fossa, making it clinically irrelevant to deter-
mine where the lesion first started. Hence, we
find the umbrella term jugulotympanic paragan-
glioma more useful. Most cases are unilateral and
sporadic, present in the fourth or fifth decade of
life, and are three times more frequent in women.
The classic clinical presentation of lesions affect-
ing the tympanic cavity is unilateral conductive

hypoacusis, pulsatile tinnitus, and aural fulness.
Large tumours may affect cranial nerves VII, IX,
X, X1, and XII; affection of the lower nerves indi-
cates jugular fossa compromise. Small tumours
might be asymptomatic. A pulsatile, vascular,
and retrotympanic mass is the characteristic oto-
scopic finding. Unlike paragangliomas located in
the abdomen, lesions in the skull base are seldom
related to catecholamine release. Less than 5%
undergo malignant transformation; malignancy is
defined by the presence of metastasis. The two
main systems of classification are the Glasscock-
Jackson classification [37], which proposed one
classification system for TP and another for JP,
and the Fisch classification, which includes both
[38]. We consider that the classification proposed
by Fisch is more practical, as it helps the surgeon
to decide surgical management regardless of the
site of origin of the paraganglioma.

The diagnostic protocol should include a thor-
ough neurological examination, nasopharyngo-
laryngoscopy, audiology, and imaging tests with
and without contrast. Angiography and emboli-
zation 24-72 h before resection should be con-
sidered in Fisch C and Fisch D tumours
(Fig. 16.4). Measurement of catecholamines is

Fig. 16.4 Embolization of glomus jugulare, (a) angiography before embolization, (b) angiography after embolization,
vascular tumour (black arrow)
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not recommended in all patients, but the clinician
should carefully look for symptoms suggesting
the presence of a secretory neoplasm. Due to the
small number of cases, management is controver-
sial. Radiotherapy, surgical excision, and wait
and scan are the three main treatment alterna-
tives. The selection of treatment depends on the
patient’s age, comorbidity, tumour size and
growth, preoperative hearing and cranial nerve
status, and presence of bilateral disease.

Surgical resection is the preferred modality of
treatment for small TBP, especially for small TP
that can be resected through a transcanal
approach. Fisch B tumours can be removed by a
transmastoid approach; according to tumour size,
a canal wall up or a subtotal petrosectomy might
be necessary [39]. For resection of larger tumours
(Fisch C and D), Fisch described the infratempo-
ral approach, which requires an anterior transpo-
sition of the facial nerve in 70% of cases. In
Fisch’s series, 85% of patients had a preserved
facial nerve function 2 years after surgery. In the
same series, preservation of cranial nerves IX, X,
X1, and XII was difficult to achieve [38]. Due to
the higher morbidity to resect Fisch C and D
tumours, some authors rather leave macroscopic
disease and irradiate if growth is observed during
follow-up. This alternative is associated with bet-
ter local control and fewer complications than
complete surgical resection [40]. Others have
described cranial nerve preservation techniques
like the intrabulbar dissection technique [41] or
modifications of the infratemporal Fisch approach
[42]. Radiotherapy is reserved for the elderly, as
it increases the risk of malignant tumours and
cerebrovascular accidents [40].

16.6 Malignant Neoplasms

Malignant neoplasms of the temporal bone are
rare; they represent less than 0.2% of all tumours
of the head and neck [43]. The estimated
incidence of malignant tumours is close to 1 case
per 1,000,000 inhabitants per year.

These tumours include lesions of the skin of
the pinna that invade the temporal bone, primary
tumours of the external auditory canal, middle

ear or the petrous apex, and secondary tumours.
Secondary tumours result from either distant
metastasis or direct infiltration; the latter accounts
for most cases of temporal bone malignancies
[44]. Carcinomas of the breast, lung, and prostate
are the main locations of primaries that cause dis-
tant metastasis affecting the temporal bone.
Direct infiltration is typical from carcinomas of
the periauricular skin and the parotid; infiltration
from temporomandibular and advanced nasopha-
ryngeal neoplasms may also occur [45]. Primary
malignancies are represented by acinic cell carci-
noma, adenocarcinoma, adenoid cystic carci-
noma, basal cell carcinoma, chondrosarcoma,
osteosarcoma, squamous cell carcinoma (SCC),
and haemato-lymphoid tumours.

Differential diagnosis differs widely between
adult and paediatric patients. For instance, SCC
accounts for 60—80% of temporal bone malignan-
cies in adults; meanwhile in children, rhabdomyo-
sarcoma is the most common malignancy [46].
The main risk factors are sun exposure and a his-
tory of radiotherapy to treat another head and
neck malignancy. Chronic otitis media and infec-
tion with papillomavirus have also been associ-
ated with the development of malignancy [43].

16.6.1 Squamous Cell Carcinoma
of the Temporal Bone (SCCTB)

SCCTB is an aggressive malignancy (Fig. 16.5).
Initial symptoms like otorrhea, pain, hypoacusis,
and bleeding are non-specific, leading to a
delayed diagnosis and a poor outcome. Non-
resolving otitis externa should raise suspicion of
malignancy.

Preoperative imaging with a CT is essential for
staging; it can detect bone erosion of 2 mm or
greater. It is recommended to extend it to the chest
for evaluation of distant metastasis. MRI is comple-
mentary and allows evaluation of perineural spread
and intracranial involvement. An alternative to rule
out distant metastasis is to perform a PET scan from
the skull base to the lower extremities [47].

Unlike most carcinomas, the staging system
for temporal bone carcinoma proposed by the
American Joint Committee on Cancer (AJCC) is
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Fig. 16.5 Squamous cell carcinoma of the temporal bone
arising in the right pinna (white arrow)

not widely used. The modified University of
Pittsburgh staging system is the most accepted in
literature (Table 16.2) [48]. According to Moody
et al. (2000), the 2-year overall survival (OS)
rates were 100% for T1 tumours, 80% for T2,
50% for T3, and 7% for T4 [49]. In a retrospec-
tive review including 11 studies and 195 patients,
the 5-year OS rates based on the same system
were 94.1% for T1, 80.8% for T2, 62.5% for T3,
and 46.3% for T4. Two ominous signs are facial
nerve paresis and dural infiltration, and as shown
in Table 16.2, the presence of either classifies the
tumour as a T4 lesion. Dural infiltration is the
strongest negative factor affecting survival. A
study concluded that the predictive performance
of the modified Pittsburgh staging system is
acceptable [50]. Mortality most often results
from uncontrolled locoregional recurrence rather
than from distant metastasis [51].

The mainstay treatment is surgical resection
with or without radiotherapy (RT). Post-operative
RT is recommended in T2, T3, and T4 tumours.
Primary radiation is an alternative for T1 tumours.
Definitive chemoradiotherapy (CRT) may be
appropriate for cases with unresectable tumours
or distant metastasis.

Sleeve resection, lateral temporal bone resec-
tion (LTBR), subtotal temporal bone resection

Table 16.2 The University of Pittsburgh TNM staging
system for external auditory canal cancer (modified from
Morita et al. [51])

T Description
status
Tl Tumour limited to external auditory canal

without bony erosion or evidence of
soft-tissue involvement

T2 Tumour with limited external auditory canal
bone erosion (not full thickness) or limited
(<0.5 cm) soft-tissue involvement

T3 Tumour eroding osseous external auditory
canal (full thickness) with limited (<0.5 cm)
soft-tissue involvement, or involvement of
the middle ear and/or mastoid

T4 Tumour eroding cochlea, petrous apex,
medial wall of the middle ear, carotid canal,
jugular foramen, or dura, or with extensive
soft-tissue involvement (>0.5 cm), or patients
presenting with facial paralysis

N Description

status

NO No regional lymph node metastasis
N1 Regional lymph node metastasis

M Description

status

MO No distant metastasis

Ml Distant metastasis

Stage classification

1 TINOMO

1T T2NOMO

1T T3NOMO, TINIMO

v T4NOMO, T2N1MO, T3N1MO, T4AN1IMO,

any T any N M1

(STBR), and total temporal bone resection
(TTBR) are the different techniques designed to
treat temporal bone malignancies. Sleeve resec-
tion does not include resection of the bony exter-
nal auditory canal and is only suitable for the
management of low-grade tumours. The minimal
procedure for the management of SCC is an
LTBR, and it is recommended for T1 and T2
lesions. For T3 and T4 lesions, STBR or TTBR is
a recommended alternative; nevertheless, TTBR
is a very morbid procedure, and survival benefit
has not been proven. Curative surgery when dura
is infiltrated is doubtful, because despite resec-
tion the rate of recurrence is high, and survival is
poor. Therefore, even when resection is techni-
cally possible, palliation may be a reasonable
alternative.
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Superficial parotidectomy is indicated when
the tumour infiltrates the gland, and it has a pro-
phylactic role in T3 and T4 lesions. Neck dissec-
tion is indicated only with curative intent.

16.7 Investigation Tools

for Temporal Bone Diseases

Investigation tools for temporal bone diseases
have had impressive development. The numbers
of tests available to the clinician may be over-
whelming, and the detail of each test is beyond
the scope of this chapter. Tests can be divided
into three major groups: audiology tests, vestibu-
lar tests, and imaging.

16.7.1 Diagnostic Audiology

When evaluating hearing in adults, a pure-tone
audiogram is the screening test of choice. This
simple test allows the surgeon to determine the
hearing threshold of the patient before and after
surgical treatment, and it is also useful for dif-
ferential diagnosis. Nevertheless, it is only suit-
able to determine hearing acuity and type of
hearing loss. Then, audiometry should be com-
plemented with speech discrimination tests.
Patients with sensorineural hearing loss demon-
strate lower scores on speech discrimination tests
than expected from the audiogram. Pure-tone
audiogram and speech discrimination tests
require the patient’s cooperation; when this is not
possible, objective tests like otoacoustic emis-
sions, auditory steady-state response, and audi-
tory brainstem response are valuable alternatives.
Tympanometry and stapedial reflexes are simple
and useful tools to evaluate middle-ear function.

16.7.2 Vestibular Tests

Parallel to the complexity of vestibular physiol-
ogy is the number of tests available for the evalu-
ation of vestibular function. The goal of vestibular
testing is to identify the presence of a balance
disorder, locate the lesion, and evaluate the resid-
ual function and the possibility of recovery. The

main tests to consider are videonystagmography
(VNG), video hit impulse test (VHIT), posturog-
raphy, and vestibular evoked myogenic potential
(VEMP).

VNG has replaced electronystagmography
and is currently the most used method for record-
ing eye movements. It comprises a series of sub-
tests that assess the function of the vestibular end
organs and the central vestibulo-ocular pathways.
The caloric test is one of the subtests of the VNG;
it was the main test to assess peripheral vestibular
function. Currently, the caloric test is being
replaced by vHIT, because it is a quick, innocu-
ous test that evaluates the vestibular-ocular reflex
(VOR) of the six SCCs independently, and results
are more reliable [52]. Posturography evaluates
the ability of the patient to maintain balance and
analyses the specific contribution of the three
major systems involved: vestibular, visual, and
somatosensory. Finally, VEMP testing is a
method used mainly in tertiary reference centres
and in research. It has an increasing role for diag-
nosing peripheral vestibular disorders, especially
for diagnosis and follow-up of SCCD, and for
follow-up of intratympanic gentamicin treatment
in patients with Meniere’s disease (Fig. 16.6).
Their role in the topographic diagnosis of central
disorders is under research [53].

16.7.3 Imaging

A high-resolution computed tomography
(HRCT) of the temporal bone is the workhorse
imaging study for temporal bone disease. It is an
important preoperative investigation tool for cho-
lesteatoma surgery, temporal bone fracture,
middle-ear glandular neoplasms, TBP, SCCD,
and malignant neoplasms (Fig. 16.7). It is useful
to confirm the diagnosis of SCCD and essential
for staging of SCCTB. In cholesteatoma, tempo-
ral bone fracture, TBP, and neoplasms, it is help-
ful to determine the disease extent and identify
the presence of anatomical variants and poten-
tially dangerous difficulties such as a high-riding
jugular bulb, a low-lying dura, facial canal dehis-
cence, erosion of tegmen, or semicircular canal
erosion, consequently assisting surgeons in elab-
orating a surgical plan [54]. The use of contrast is
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Fig. 16.6 VEMP in a patient with semicircular superior canal dehiscence; note the amplitude and low threshold

Fig. 16.7 CT scan in a patient with a middle-ear
neoplasm

necessary if there is a concern of a vascular mass
or clinical assessment suggests an abscess.
Angiography and embolization should be consid-
ered for large jugular paragangliomas. MRI is the
main tool for the evaluation of non-osseous com-
ponents. Hence, it is useful for the assessment of
VIII cranial nerve in candidates of cochlear
implantation, evaluation of CPA neoplasms,
facial nerve neoplasms, and lesions with dural
extension or exposure. The use of DWI-MRI has
reduced the number of second-look surgeries in
patients with cholesteatoma. In contrast to most
head and neck neoplasms, ultrasound has a lim-

ited role in the evaluation of temporal bone dis-
eases. It might be useful for the evaluation of
periauricular cystic lesions. Nuclear medicine
studies are used for diagnosis and follow-up of
skull base osteomyelitis, a major differential
diagnosis of SCCTB. Finally, PET or PET/CT
may be used for the assessment of temporal bone
masses or nodal metastases.

16.8 Anatomical Landmarks
and Surgical Procedures

16.8.1 Surgical Approaches
and Incisions

Every incision used in otologic surgery should
create broad access to the surgical field, allow a
direct extension to adjacent anatomical areas,
permit the use of adjacent skin as a free or ped-
icled flap, and provide an acceptable cosmetic
result [55].

Depending on the approach chosen, different
incisions can be used. The postauricular, transca-
nal, and endaural incisions are the most common,
as they allow a posterior, transmeatal, and ante-
rior approach. Each approach has advantages and
limitations and should be chosen based on the
location and extension of the disease.
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16.8.2 Postauricular Incision

A postauricular incision allows a great surgical
exposure and harvest of temporalis fascia. It is
useful for tympanoplasty, in cases of anterior
tympanic membrane perforations in patients
with prominent anterior wall canals, and it is
the workhorse incision for transmastoid
approaches.

Postauricular incisions can be performed
either on the postauricular sulcus or 0.75-1.0 cm
posterior to it (into the hairline). The incision
should begin at the highest level of the helix and
must extend to the mastoid tip, always taking into
account the descending segment of the facial
nerve, which exits from the stylomastoid fora-
men between the mastoid tip and styloid process
(Fig. 16.8). It is essential to keep in mind that in
paediatric patients, the facial nerve is more super-
ficial [56].

After cutting through the skin and subcutane-
ous tissue, the auricular muscles are generally
divided to access and incise the periosteum over-
lying the mastoid bone. Depending on the sur-
gery, a small amount of temporalis fascia may be
harvested, but the underlying muscle must be left
intact [57].

16.8.3 Transmeatal Incisions

This approach is appropriate for otologic proce-
dures limited to the tympanic membrane and pos-
terior tympanic compartment (e.g. stapedectomy,
tympanoplasty).

The transmeatal incision consists of two verti-
cal incisions made in the external auditory canal
(EAC) skin, starting from the annulus at the 6 and
12 o’clock positions (along the tympanomastoid
and tympanosquamous suture lines). These inci-
sions extend radially and are connected by a third
horizontal semilunar incision in the medial or
external third of the ear canal (Fig. 16.9) [58].

Retroauricular
incision

Fig. 16.8 Retroauricular incision in the right ear

Fig. 16.9 Transmeatal incision, endoscopic view of left
ear. (a) First vertical incision (black arrowheads), annulus
(red arrowheads), flap knife (grey arrow), umbo (7), short
process of the malleus (2). (b) Second vertical incision

(black arrowheads), horizontal incision (white arrow-
heads), round cutting knife (grey arrow), annulus (grey
line), umbo (7), short process of the malleus (2)
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Fig. 16.10 Endaural
incisions: Lempert types Lempert Il
I, 11, and III
Lempert |
Lempert Il

The canal skin and tympanic membrane (tympa-
nomeatal flap) are elevated together up to the
tympanic annulus, granting access to the middle-
ear space.

16.8.4 Endaural Incisions

These incisions, described by Lempert in 1938,
are external to the meatus and expand the surgical
field [59]. In some cases, an anterior canal bulge
can hide the anterior half of the tympanic mem-
brane and therefore is necessary to make an endau-
ral incision to improve exposure. It is indicated for
most tympanoplasties and some mastoidectomies.

The first part of the incision (Lempert I) is
made in a semi-circumferential way between 6
and 12 o’clock on the back wall of the EAC at the
bony cartilaginous junction. This intercartilaginous
incision is prolonged vertically between the helix
and tragus (Lempert II) to obtain a wider posterior
flap that gives a better exposure to the mastoid cor-
tex. The incision could be extended down (Lempert
IIT) enough to retract soft tissue and fully expose
the cortex and tip of the mastoid (Fig. 16.10).

16.8.5 Incisions for the Middle Fossa
Approach and Infratemporal
Fossa Approach

There are two main types of incision for a middle
fossa approach, each designed for a different flap.
When using an anterior/inferiorly based skin flap,

the incision starts anterior to the tragus, extends
posteriorly to the temporal region, turns superi-
orly 5-6 cm, and turns anteriorly again reaching
the temporal hairline, making an “S” shape. This
is also known as a question mark incision. For the
posteriorly based skin flap, the incision starts
behind the temporal hairline, extends anteriorly
for 6.0 cm, turns superiorly for 6 cm, and turns
posteriorly again for 6 cm, in the shape of a
rounded box. Other alternatives are to simply
extend a retroauricular incision anteriorly follow-
ing the hairline or to do a vertical preauricular
incision (Fig. 16.11). The skin incision for the
infratemporal fossa approach is a neck extension
of the C-shaped retroauricular incision.

16.9 Anterior Atticotomy

In an anterior atticotomy, only the posterior supe-
rior bone portion of the EAC, known as scutum,
is removed. The procedure is used in limited attic
cholesteatomas since the scutum is the first bony
structure to be eroded.

After making an endaural or postauricular
approach, the superior and posterior bone portion
of the canal is exposed, and the lateral epitym-
panic wall is removed with a burr until a thin
layer of bone is left over the ossicles [60]. This
layer is then removed using curettes to expose the
tegmen tympani and ossicular chain. Once the
procedure is finished, the defect can be recon-
structed with a cartilage graft or autologous bone

[58].
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Fig. 16.11 [Incisions for the middle fossa approach, ante-
rior extension of a C-shaped retroauricular incision (/),
preauricular incision for an anterior based flap (2), vertical
linear preauricular incision (3), incision for a posterior
based flap (4)

16.10 Transmastoid Approaches

The mastoidectomy is often performed for
chronic otitis media with and without cholestea-
toma. It is the initial step for several otologic pro-
cedures, including cochlear implantation,
endolymphatic sac decompression, and most pre-
sigmoid approaches to the lateral skull base [61].

In 1873, Schwartze and Eysell published a
paper describing for the first time the mastoidec-
tomy procedure [62]. They highlighted the
importance of finding and exposing the mastoid
antrum as one of the key steps during the proce-
dure [63]. The surgery starts in the lateral surface
of the mastoid bone by drilling the cortical bone
to expose the mastoid air cells. Thorough ana-
tomical knowledge is an essential prerequisite of
mastoid surgery [64]. Mastoidectomies are clas-
sified as either “wall up” or “wall down” depend-
ing on whether the posterior wall of the EAC is
maintained.

16.10.1 Canal Wall Up (Intact Canal

Wall) Mastoidectomy

Under microscopic vision and using a round cut-
ting burr with continuous suction-irrigation, drill-
ing is initiated along the linea temporalis (the
lowest point of the middle fossa dura). A second

Fig. 16.12 Anatomical landmarks for mastoidectomy.
Right temporal bone specimen, linea temporalis (L7),
spine of Henle (H), posterior margin of the EAC (PoEAC),
line representing the approximate location of the sigmoid
sinus (SS), MacEwen triangle (MT)

line is drilled perpendicular to the previous one,
tangent to the posterior margin of the EAC,
behind the spine of Henle (small bony promi-
nence anterior to the supramastoid pit at the pos-
terosuperior margin of the bony EAC) [65].
These drill lines outline a triangular area poste-
rior to the EAC, whose apex lies over the lateral
semicircular canal, known as the MacEwen tri-
angle (Fig. 16.12) [66].

Drilling is done in this area until air cells
appear, removing cortical bone and thinning the
posterior wall of the EAC. The superior limit is
the tegmen mastoideum (level of the temporal
line), and the anterior limit is the root of the
zygomatic process [67]. Identifying the dura is
often a meaningful step during mastoidectomy,
as it represents an important anatomical
landmark [68]. The bone should be drilled away
evenly, orienting the surgical instrument parallel
to the patient’s skull to avoid inadvertent damage
to the ossicular chain. During this step of the dis-
section, the most important landmark is the sig-
moid sinus, which is identified by its bluish
colour and thin bony plate [58]. The sigmoid
sinus and the tegmen mastoideum meet in an
angle known as the sinodural angle (Citelli’s
angle). Drilling is continued toward the mastoid
tip, removing cells from the digastric ridge area.
The facial nerve exits at the stylomastoid fora-
men, immediately anterior to the digastric ridge.
Knowledge of this area is essential when per-
forming mastoid surgery [69]. In case of exten-
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Fig. 16.13 Right
mastoidectomy and

antrum Digastric
~ groove
Lateral semicircular
canal
Antrum
Tegmen
Sigmoid sinus
Sinodural angle
Fig. 16.14 Posterior EAC
Identification of the
incus; note that the bone
at the horizontal or Superior

lateral semicircular
canal, the relationship of
the canal, and the short
process of the incus with
the second genu of the
facial nerve are
noteworthy

sive mastoid pneumatization, neighbouring
structures like the dura of the middle and poste-
rior cranial fossae, the sigmoid sinus, and the
facial nerve may lack a bony hull, making them
prone to injury [68]. The dissection is continued
medially reaching Korner’s septum, a thick plate
of bone that represents the persistence of the pet-
rosquamous suture line, which divides the mas-
toid process into a superficial squamous portion
and a deep petrous portion [70, 71]. This struc-
ture is removed to reach the mastoid antrum, the

ligament of incus

Malleus head

Short process

Second genu of
facial nerve

Lateral
semicircular canal

largest air cell in the mastoid cavity, connected
to the posterior epitympanum via the aditus ad
antrum (Fig. 16.13) [61].

Once identified, sculpt the EAC and tegmen
toward the root of the zygoma to fully visualize
the rest of the tegmen and the short process of the
incus inside the fossa incudis. The horizontal
semicircular canal (one of the most critical land-
marks), characterized by its compact and ivory-
coloured bone coat, should be identified at this
point (Fig. 16.14) [72].
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In case the incus is not visible, drilling is done
anteriorly and inferior to the tegmen dura; this
region has the widest distance between the ossicles
and the tegmen tympani. The surgeon should remain
superficial to the horizontal semicircular canal to
avoid damage to adjacent structures. Figure 16.15
shows an intact canal wall mastoidectomy.

16.10.2 Canal Wall Down
Mastoidectomy

Canal wall down mastoidectomies are indicated
when the disease is extensive enough to cause
damage to the posterior wall of the EAC or when
there is a suboptimal visualization of the cavity
and no certainty of complete eradication of the
cholesteatoma. This procedure, also known as
radical mastoidectomy, requires a complete mas-
toidectomy plus removal of the posterior superior
osseous canal wall, exteriorizing the mastoid into
the ear canal to form a single cavity [61]. In most
cases, it is necessary to remove the ossicles
affected by cholesteatoma, taking extreme care
when manipulating the stapedius footplate. It is
essential to drill superficial to the facial nerve and
superficial to the semicircular canal; the objective
is to create smooth transitions between the floor
of the EAC and the mastoid cavity (single cav-
ity). If the Eustachian tube is modified or the

Fig. 16.15 Canal wall
up mastoidectomy,
tegmen (7)), sinodural
angle (SDA), sigmoid
sinus (S8S), incus (1),
posterior wall of
external auditory canal
(PoEAC), horizontal
semicircular canal (7),
posterior semicircular
canal (2), fallopian canal
(3), superior
semicircular canal (4)

tympanic membrane or the mucosa of the middle
ear or the ossicular chain is preserved, the proce-
dure is referred to as a modified radical
mastoidectomy.

16.10.3 Posterior Tympanotomy

A posterior tympanotomy is indicated in choles-
teatoma eradication procedures (intact canal wall
mastoidectomy), cochlear implantation, and
middle-ear hearing device implantation [73]. It
grants access to the middle ear and enables the
surgeon to operate in the hypotympanum, the
sinus tympani, and the region of the round win-
dow without lifting the tympanic membrane.
This technique generates an opening between the
facial nerve and the posterior wall of the EAC, in
a region called the facial recess, which is a trian-
gular area limited by the incudal buttress (supe-
rior), the vertical segment of the facial nerve
(posterior), and the chorda tympani (anterior)
(Fig. 16.16) [74].

The facial nerve is carefully skeletonized at
the mastoid genu to avoid exposure of the nerve
sheath; the nerve and blood vessels can be seen
through bone [58]. After identifying the chorda-
facial angle, the chorda tympani are followed
superiorly into the middle-ear space, thereby cre-
ating the opening of the facial recess (Fig. 16.17).
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Fig. 16.16 Posterior
tympanotomy:
Anatomical landmarks,
right ear, facial recess
area outlined by a
triangle: borders are the
incus buttress, upper
mastoid segment of the
facial nerve, and chorda
tympani

Fig. 16.17 Opened facial recess, incus (7)), incus buttress
(IB), posterior wall of the external auditory canal (P0EAC),
incudo-stapedial joint (/ST), horizontal semicircular canal
(HSC), mastoid facial nerve (MFN), round window (black
arrowhead)

16.11 Endolymphatic Sac
Decompression

Endolymphatic sac decompression is per-
formed in patients with Meniere’s disease that
do not respond to medical treatment. The sur-
gery starts with a simple mastoidectomy and
identification of the posterior and horizontal
semicircular canals, using Donaldson’s imagi-
nary line as a reference. This line can be drawn
along the horizontal semicircular canal, inter-
secting perpendicularly the posterior semicir-
cular canal. The endolymphatic sac is posterior
and inferior to this intersection and can be iden-
tified as a white and dense thickening of the
dura (Fig. 16.18). After properly identifying the
sac, it is opened and drained. A valve from the

Posterior wall of
the EAC

Facial recess

Chorda tympani

Fallopian canal

Horizontal
semicircular canal

Short process of
the incus

Fig. 16.18 Endolymphatic sac anatomy, surgical land-
marks of endolymphatic sac, sigmoid sinus (SS), horizon-
tal semicircular canal (/), posterior semicircular canal (2),
distribution of facial nerve (red line), Donaldson’s line
(blue line), triangle outlining the hard angle (blue trian-
gle), approximate location of endolymphatic sac (ES)

endolymphatic space to either the mastoid or
the subarachnoid space can be inserted (shunt
procedure).

16.12 Subtotal Petrosectomy

Indications of subtotal petrosectomy are chronic
otitis media with or without cholesteatoma, menin-
goencephalic herniation, cerebrospinal fluid leak,
and temporal bone tumours, amongst others. The
most frequent indication is still infections of the
temporal bone with necrosis, as it is a useful tech-
nique to debride as much bone as possible with
preservation of facial function and cochlear reserve.
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Fig. 16.19 Canal wall

down mastoidectomy,
right mastoidectomy
with skeletonization of
facial nerve and
semicircular canals.
Tegmen (7)), sinodural
angle (SDA), sigmoid
sinus (SS), epitympanum
(E), Eustachian tube
(ET), promontorium
(Pr), tympanic facial
nerve (TFN), mastoid
facial nerve (MFN), area
of the jugular bulb (JB),
horizontal semicircular
canal (/), posterior
semicircular canal (2),
superior semicircular
canal (3)

A wide retroauricular incision or a question
mark incision is made in the skin, to expose the
temporal muscle and mastoid process. The tem-
poralis muscle is elevated anteriorly off the skull,
and the muscle will be used later for the recon-
struction. A mastoidectomy is performed; the
semicircular canals, sigmoid sinus, posterior fossa
dura, middle fossa dura, and vertical portion of
the facial nerve are skeletonized; and the ossicles
are removed with exception of the footplate of
the stapes (Fig. 16.19). The sigmoid sinus is fol-
lowed medially to the facial nerve to the jugular
bulb performing a fallopian bridge technique. An
elevator is used to remove the bone pieces from
the sigmoid sinus and middle and posterior fossa.
Classically, the concept of subtotal petrosectomy
included removal of all cell tracts of the temporal
bone, including antral, infralabyrinthine, perica-
rotid, retrosigmoid, retrofacial, retrolabyrinthine,
supralabyrinthine, and supratubal cells. Currently,
it is considered that the amount of temporal cells
drilled is determined by the extent of the disease
and is possibly more limited when the indication
of surgery is cochlear implantation [75].

When the petrosectomy is finished, the ET is
obliterated with muscle or bone wax, and the
temporalis muscle is divided into its anterior
third to rotate a muscular flap underneath the
temporal lobe and over the mastoid cavity
defects. An alternative is to obliterate the cavity

with abdominal bone. Finally, the temporal bone
flap is repositioned, and the EAC is closed by
everting meatal skin and suturing it.

16.13 Translabyrinthine
Approaches

Through this approach, it is possible to reach the
internal auditory canal (IAC), the posterior cranial
fossa, and the cerebellopontine angle, without dis-
turbing the integrity of the external auditory canal
and tympanic cavity. This approach is suitable for
the resection of CPA tumours without serviceable
audition, endolymphatic sac tumours, manage-
ment of vestibular disorders, and trigeminal neu-
ralgia. A great advantage of this approach is that
there is less retraction of the cerebellar mass in
comparison with others, decreasing the risk of
dysmetria and thrombosis of the sigmoid sinus.
A simple mastoidectomy with skeletonization
of the sigmoid sinus and tegmen and exposure of
the mastoid antrum and lateral semicircular canal
is performed. When the bone over the sigmoid
sinus and the posterior fossa is thin enough, a
Freer elevator is used to retract the sigmoid sinus
posteriorly. It is possible to leave a small island of
bone above the sinus to protect it from the retrac-
tor, commonly known as Bill’s island. The mas-
toid emissary vein is transected and coagulated
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with bipolar cautery. If the sigmoid sinus is vulner-
ated, bleeding can be stopped with gentle pressure
and by applying a haemostatic agent. The superior
aspect of the jugular bulb must be skeletonized
because it marks the inferior portion of the dissec-
tion. The posterior limit of dissection is the sig-
moid sinus, while the superior limit is the superior
petrosal sinus. Malleable retractors are placed
between the posterior and middle fossa dura, then
the drilling begins until the superior petrosal sinus,
and the vertical segment of the facial nerve is iden-
tified. With the posterior fossa retraction, a tether
can be seen indicating the position of the endolym-
phatic duct; it can be transected with an 11 blade
scalpel, and then the retractor is advanced till the
porus acusticus is identified.

The labyrinthectomy is performed using a dia-
mond burr to extend the vestibule’s opening poste-
riorly toward the ampulla of the posterior
semicircular canal (the ampullated ends of the
superior and horizontal semicircular canals open
into the anterior vestibule, which is medial to the
horizontal segment of the facial nerve) (Fig. 16.20).

The medial wall of the vestibule contains the
spherical recess and the elliptical recess; the for-
mer contains the saccule and the latter the utricle
(Fig. 16.21). The vestibule marks the location of
the fundus of the IAC; therefore, the surgeon
must continue drilling the temporal bone parallel
to the posterior fossa dura to find the porus acus-
ticus that lies deeper than the fundus. When the
porus acusticus is identified, superior and inferior

Fig. 16.20 Drilling of semicircular canals, right mastoid,
tegmen (7)), sigmoid sinus (SS), mastoid facial nerve (FN),
horizontal semicircular canal (HSC), common crus (CC),
ampulla of posterior semicircular canal (APSC)

troughs must be drilled and traced to the vesti-
bule; it is important to keep the dura intact espe-
cially in the superior trough because the facial
nerve could be displaced, especially when the
indication of the procedure is a CPA tumour.
When thinning the bone near the fundus, the
surgeon must drill in a more lateral position,
compared to the medial position taken when
working with the porus acusticus. When the bone
is thinned, it should be carefully removed starting
along the inferior dura of the IAC, then along the
transverse crest, and at last along the superior
portion of the IAC (Fig. 16.22). The transverse
crest divides the fundus of the IAC in an upper

Fig. 16.21 Vestibule, right vestibule, elliptical recess
(ER), spherical recess (SR), mastoid facial nerve (NF),
superior semicircular canal (SSC)

Fig. 16.22 Transverse crest, right mastoid after drilling
of semicircular canals, mastoid facial nerve (FN), trans-
verse crest (blue arrow), inferior vestibular nerve (IVN),
superior vestibular nerve (SVN). Note that vestibular
nerves are located posteriorly and hence are more superfi-
cially encountered than the facial and cochlear nerves in
the translabyrinthine approach
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part, containing the facial nerve and the superior
vestibular nerve, and a lower part containing the
inferior vestibular nerve and the cochlear nerve.

The dura is opened after removing the bone
completely. Once the dura is opened, stimulation
of the posterior portion of the tumour is done to
locate the facial nerve. Then, a window in the sur-
face of the tumour is performed to start debulking
the tumour afterwards, and the capsule is removed
in pieces. Subsequently, the dura of the IAC is
opened to remove this part of the tumour, the supe-
rior and inferior vestibular nerves must be tran-
sected at the fundus, and resection of the tumour is
completed. Open petrous apex cells must be
plugged with bone wax, the aditus ad antrum is
closed with fascia or dural substitute, and then the
cavity is obliterated with abdominal fat.

16.14 Transcochlear Approach

It is an anteromedial extension of the translaby-
rinthine approach in which the cochlea is drilled
out and the external ear canal is closed in a blind
sac. This approach is indicated for cases where
hearing preservation will not be attempted; it
allows a wider exposure to the posterior fossa,
ventral brainstem, and central skull base.

After exposing the dura over the IAC, the incus
is removed, the facial nerve is exposed from the
geniculate ganglion to the stylomastoid foramen,
the greater superficial petrosal nerve (GSPN) is
transected, and the facial nerve is transposed poste-

Fig. 16.23 Presigmoid-
retrolabyrinthine
approach, left mastoid,
posterior external
auditory canal (PoEAC),
tegmen (7)), Bill’s island
(BI), opened presigmoid
dura (black arrow),
close up to posterior
semicircular canal after
opening the dura (black
star)

riorly so that the facial canal, petrous apex, and
cochlea are drilled away until the edge of the clivus
is reached exposing the inferior petrosal sinus and
the petrous carotid. Since the facial nerve is trans-
posed for greater exposure, a House-Brackmann
grade III-IV facial palsy can be expected.

The transotic approach is similar to the trans-
cochlear approach, with the difference that the
facial nerve is kept in its bony canal and the EAC
is closed in a blind sac.

16.15 Presigmoid-
Retrolabyrinthine Approach

This approach can combine supra- and infratento-
rial craniotomy and a range of mastoid and labyrin-
thine resections. This approach provides access to
the sigmoid sinus, presigmoid posterior fossa dura,
and middle fossa dura. It can be useful to perform a
vestibular neurectomy, microvascular decompres-
sion surgery, and resection of small CPA tumours
that do not involve the internal third of the IAC.

With  the  presigmoid-retrolabyrinthine
approach, the surgeon performs a “minimal mas-
toidectomy” that exposes the presigmoid dura,
which is opened to gain access to the cerebello-
pontine angle (CPA). A Bill’s island can be used
to reject the sigmoid sinus posteriorly and have a
wider exposure (Fig. 16.23). A more extensive
degree of exposure is achieved by skeletonizing
the semicircular canals and the vertical portion
of the facial nerve.
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In a partial labyrinthectomy, usually the supe-
rior and posterior semicircular canals are drilled
away with preservation of the lateral canal. The
surgeon must keep in mind that hearing loss is
likely to happen with this approach. Removing
the posterior canal gives access to the posterior
fossa and the superior canal to the middle fossa
and petrous apex. This approach is mostly used to
treat acute infections with intracranial complica-
tions such as sigmoid sinus thrombosis, epidural
abscess, and subdural abscess.

16.16 Middle Cranial Fossa

Through this approach, it is possible to access the
petrous apex, the IAC, and the posterior cranial
fossa by retracting the temporal lobe. It can be
useful to perform a vestibular neurectomy, resec-
tion of a lesion involving the geniculate and pre-
geniculate area of the facial nerve, management
of a meningoencephalocele and SCCD, and
resection of small schwannomas with acceptable
audition preservation (lesions should not extend
more than 1 cm medially into the CPA) and
lesions involving the trigeminal nerve. However,
temporal lobe retraction can cause injuries such
as contusions, strokes, cerebral oedema, seizures,
CSF leak, and injury to the carotid artery.

The skin, temporoparietal fascia, temporalis
muscle, and periosteum are elevated by a single
flap to expose the temporal squama to drill a suf-
ficient temporal craniotomy (5 cm x 5 cm) centred
over the zygomatic root; an endoscope can be used
to reduce the size of the craniotomy. The middle
fossa dura is separated from the bone flap using an
elevator; this bone must be preserved for repairing
the craniotomy at the end of the surgery. A Freer or
a Joseph elevator can be used to elevate the dura
off the temporal floor in a posterior-to-anterior
manner, and the first landmark is the middle men-
ingeal artery. If a larger exposure is needed, the
middle meningeal artery can be divided to allow
exposure to the posterior fossa. The next relevant
anatomic structure is the arcuate eminence, which
is absent in cases of SCCD (Fig. 16.24).

The structure encountered next is the
GSPN. While elevating the dura, the GSPN
should be carefully identified to decrease the risk

Fig. 16.24 Dehiscent superior semicircular canal viewed
from a middle fossa approach, facial nerve (black arrow)

Fig. 16.25 Facial and superior vestibular nerves in the
IAC, facial nerve (FN), superior vestibular nerve (SVN)

of injuring the geniculate ganglion, which is
dehiscent in up to 15% of the patients [76].
Relevant anatomical references to locate the IAC
are the GSPN and the arcuate eminence. The
axis of the IAC intersects a 120° angle formed
by the axis of the SSC and the GSPN. Others
locate the IAC only relying on the arcuate emi-
nence, as the axis of the IAC runs along an imag-
inary line located at a 60° angle from the axis of
the SSC. The IAC and posterior fossa are reached
by drilling away the petrous bone preferably
medially, near the porus acusticus, though a
diverse amount of techniques have been
described [77]. The facial nerve and the superior
vestibular nerve are the first nerves encountered
when the IAC is opened; they are divided by
Bill’s bar (Fig. 16.25).
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16.17 Infratemporal Fossa (IFT)
Approach: Type A

This approach provides great exposure of the sig-
moid sinus, jugular bulb, internal jugular vein,
and internal carotid artery. It is used for tumours
such as jugular paraganglioma, jugular foramen
neuroma, jugular foramen meningioma, large
parotid tumours of the deep lobe with infratem-
poral fossa extension, large schwannomas of the
facial nerves, and lesions of the lower cranial
nerves (IX, X, XI, and XII) [78].

The open approach to the ITF was classically
described by Fisch, which is delineated into three
types [79]. The type A approach provides expo-
sure of the infralabyrinthine temporal bone and
jugular foramen and is useful for the manage-
ment of glomus jugulare tumours, neuromas, and
meningiomas. The type B approach exposes the
petrous apex and midclivus, including the hori-
zontal ICA, which facilitates resection of chordo-
mas and extensive cholesterol granulomas. The
type C approach extends the exposure to the
parasellar region, cavernous sinus, and foramen
rotundum and permits resection of nasopharyn-
geal carcinomas and angiofibromas. All three
variations lie within the domain of the neuro-
otologist and involve mastoidectomy, facial nerve
dissection and transposition, and obliteration of
the Eustachian tube, middle ear, and external
auditory canal with a resulting permanent con-
ductive hearing loss.

To perform a type A IFT approach, a C-shaped
retroauricular incision is performed and extended
into the neck to the anterior border of the sterno-
cleidomastoid (SCM) muscle. Dissection pro-
ceeds to expose the mastoid process, the parotid
gland, and the digastric muscle. The SCM muscle
is released from the mastoid process and retracted
posteriorly, and then the mastoid tip is drilled
away. The digastric muscle is divided and
retracted anteriorly to drill the bone inferior to
the sigmoid sinus. The lower cranial nerves, the
carotid artery, and the jugular vein are identified
and wrapped loosely with rubber slings.

A mastoidectomy with preservation of the ear
canal wall is performed. The bone from the infe-
rior portion of the sigmoid sinus is removed, and
the facial nerve is followed down to the stylomas-
toid foramen to identify its main trunk. A facial
recess approach extended inferiorly is performed,
the chorda tympani nerve must be divided, and
the ossicular chain should be kept intact. By skel-
etonizing the facial nerve, it is possible to gain
access to the jugular bulb medially and open the
hypotympanum to remove the tumour that has
grown from the jugular foramen (Fig. 16.26). If a
canal wall down mastoidectomy is performed,
then the ear canal is transected and closed in a
blind sac; the posterior wall is drilled away; the
incudo-stapedial joint is separated; the tympanic
membrane, malleus, and incus are removed; the
Eustachian tube is plugged with muscle; and the
anterior wall of the canal must be drilled to
remove the epithelial remnants. Alternatively, to
the fallopian bridge technique, rerouting of the
facial nerve could be performed to gain more
access to the jugular bulb.

The venous flow to the sigmoid sinus is
blocked by packing Surgicel between the bone of
the sinus. The internal jugular vein is divided and
ligated in the neck (Fig. 16.27), then the sinus
wall is opened to expose the jugular bulb, and

Fig. 16.26 Infratemporal fossa approach, type A, left
mastoid. The facial nerve (FN) and the sigmoid sinus (SS)
have been skeletonized, the surgeon is using a diamond
burr to expose the jugular bulb
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Fig. 16.27 Ligature of internal jugular vein: the internal
jugular vein has been ligated in the left neck, and regurgi-
tation of the jugular bulb is evident. Cottonoids have been
placed to collapse the sigmoid sinus. Distal end of the
internal jugular end (/), cephalic end of the internal jugu-
lar vein (2), jugular bulb (3), facial nerve (4)

bleeding is controlled with Surgicel, cottonoid
pledges, and pressure to occlude the inferior
petrosal sinus collaterals and the condylar emis-
sary vein. Complete removal of the tumour within
the bulb is achieved.

16.18 Surgery for Squamous Cell
Carcinoma: Temporal Bone
Resection

Depending on the extension of the disease, the
SCC of the temporal bone should be treated with
a lateral temporal bone resection (LTBR), a sub-
total temporal bone resection (STBR), or a total
temporal bone resection (TTBR). The LTBR is
performed en bloc through an extended facial
recess approach, which implies the sacrifice of
the chorda tympani. The EAC, tympanic mem-
brane, malleus, and incus are removed, while the
facial nerve and inner ear are entirely preserved.
Depending on tumour spread, additional proce-
dures should be considered, such as parotidec-
tomy, partial mandibulectomy, and a modified
neck dissection.

When malignancy has extended to the middle
ear, dissection is extended depending on tumour
spread. Starting with an en bloc LTBR, drilling
continues medially into the otic capsule and
petrous temporal bone till negative margins are
attained. If the facial nerve is involved, it should

be resected until a negative frozen section is
achieved. The internal carotid artery is preserved.
Nevertheless, the internal jugular vein and the
internal carotid artery should be identified and
controlled in the neck.

Finally, in TTBR, resection extends to involve
the petrous apex, the sigmoid sinus, and possibly
the petrous segment of the internal carotid artery.
Internal carotid artery resection should only be
considered in patients who have shown tolerance
to ischaemia after performing a balloon test
occlusion. Since TTBR has significantly higher
morbidity compared with STBR, and a survival
benefit has yet to be proven, selection of therapy
should be carefully discussed with the patient
and a multidisciplinary team. Reconstruction
with mastoid cavity obliteration is especially rel-
evant in patients undergoing post-operative
radiotherapy.

16.19 Endoscopic Ear Surgery

Endoscopic ear surgery (EES) is a novel tech-
nique used to address middle ear and tympanic
membrane pathology, including cholestea-
toma, tympanic membrane perforation, and
ossicular pathology. Some surgeons have
used it to treat lesions like paragangliomas,
meningiomas, and schwannomas [80]. This
technique allows for an excellent surgical
exposition using a transcanal approach, avoid-
ing mastoidectomies and external incisions
altogether. Due to its recent introduction, the
surgeon must acquire a unique perspective
on the anatomy of the middle ear. The most
important structures and landmarks for this
endoscopic procedure are given below.

16.19.1 Protympanum

The protympanic space lies anteriorly to the
mesotympanum and inferiorly to the anterior
epitympanic space. The anterior limit consists of
the cochleariform process, the tensor fold, and
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the tensor tympani, while the posterior limit is
marked by the promontory. The tympanic por-
tion of the Eustachian tube is found in the pro-
tympanum and measures 11-12 mm in diameter.
Above and medially to the Eustachian tube
opening runs the internal carotid artery, which
can be dehiscent in some cases. Knowledge of
this area is important because cholesteatoma can
hide in this region [81].

16.19.2 Epitympanum

The epitympanic space is a pneumatized portion
of the temporal bone superior to the mesotym-
panum. It is divided from the latter by the epi-
tympanic diaphragm. This last structure consists
of three malleal ligamental folds (anterior, lat-
eral, and posterior), the posterior incudal liga-
mental fold, and two membranous folds (the
tensor fold and the lateral incudo-malleal fold)
together with the malleus and incus [82]. From
this anatomical point of view (using an angled
30° endoscope), it is possible to classify the epi-
tympanum into two different compartments: a
larger posterior compartment and a smaller
anterior compartment. The posterior epitym-
panic space contains the incudo-malleolar joint,
a crucial landmark during the transcanal endo-
scopic approach [81, 83].

16.19.3 Retrotympanum

The spaces surrounding the mesotympanum are
complex because of the dimensions and details of
the air cells [82]. Nevertheless, Marchioni et al.
described four regions in the retrotympanum: the

posterior sinus, sinus tympani, sinus subtympani-
cus, and facial recess [81]. These spaces are lim-
ited by the pyramidal eminence and three bony
ridges, the ponticulum, subiculum, and funicu-
Ium. The ponticulum connects the pyramidal pro-
cess to the promontory. The subiculum extends
from the posterior lip of the round window to the
styloid eminence. The funiculum marks the end
of the retrotympanum and connects the anterior
lip of the round window to the hypotympanic air
cells. The posterior recess is a small space
between the pyramidal eminence and the poste-
rior crus of the stapes. The sinus tympani are
located between the ponticulum and subiculum.
The sinus subtympanicus is located below the
sinus tympani, between the subiculum and funic-
ulum [84]. Finally, the facial recess is located lat-
eral to the pyramidal eminence.

The depth of the sinus tympani is significant
because the deeper it is, the more difficult it is to
achieve complete removal of cholesteatoma.
Abreu et al. have classified the depth of the sinus
tympani into three types as follows: small (type
A), deep (type B), and deep with a posterior
extension (type C) (Fig. 16.28) [84].

16.19.4 Hypotympanum

It is the inferior compartment of the tympanic
cavity, located anteriorly and inferiorly to the ret-
rotympanum. Its inferior limit is formed by the
floor of the tympanic cavity and jugular bulb; its
upper limit is a virtual plane passing through the
styloid eminence and continuing to the inferior
margin of the EAC. The hypotympanum floor has
an irregular surface due to osseous trabeculae and
small irregular tympanic cells [82].

Fig. 16.28 Classification of sinus tympani, promontory (PR), sinus tympani (ST), facial nerve (Nf). (Adapted from
Abreu et al. (2015) Endoscopic Ear Surgery: Principles Indications and Techniques [84])
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16.20 Complications, Challenges,
and Prognosis

Possible complications of transmastoid proce-
dures include recurrent infection, wound dehis-
cence, dysgeusia, hearing loss, vestibular deficit,
and facial palsy. Canal wall down procedures are
more morbid. CFS leak and intracranial infection
like meningitis could occur in those procedures
when the internal ear is manipulated, or the dura
is opened. Failure of the device is a relatively
common complication of cochlear implant sur-
gery. Due to the extent of the IFT approach, pos-
sible complications are hearing loss, facial palsy,
lower CN (IX, X, XI, XII) palsy, internal carotid
artery bleeding, and venous infarction with intra-
cranial hypertension.

Due to the deleterious impact on the patient’s
quality of life, facial palsy is a highly feared com-
plication by the surgeon and the patient.
Fortunately, its incidence is low due to higher
anatomical knowledge and neuromonitoring.
Preservation of hearing, vestibular function, and
patients’ ability to perform aquatic activities after
temporal bone surgery remain a challenge in dif-
ferent situations, mainly after surgery of chronic
otitis media with cholesteatoma. Currently, not
only the complete removal of disease but also the
preservation of functional status and quality of
life are of outermost relevance. Technology
advances in imaging techniques and use of endo-
scopes have achieved excellent control of disease
with appropriate functional preservation in
selected patients. Indications for cochlear implan-
tation surgery continue to expand, making the
surgeon face special situations such as cochlear
ossification, implantation after cholesteatoma,
and other challenges. The prognosis of temporal
bone diseases and tumours mainly depends on
the aetiology, location, and size of the lesion.

16.21 Conclusion

The temporal bone is a complex anatomical area,
affected by a large number of benign and sinister
diseases. Strong anatomical knowledge is essen-
tial to reduce complications; technological

advances and working with a multidisciplinary
team are also appropriate measures for the man-
agement of patients with temporal bone diseases.
Novice surgeons should properly identify surgi-
cal landmarks and eventually perform increas-
ingly complex approaches.
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