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The last century has seen great strides in the accurate diagno-
sis and microsurgical management of acoustic neuroma
(AN), with improvements in mortality rate and preservation
of both facial nerve function and hearing [1]. Acoustic neu-
romas were among the earliest intracranial lesions to be ana-
tomically localized on the basis of symptoms [2, 3]. The first
reported surgical attempt was by Charles McBurney, who
opened the suboccipital plate with a chisel in 1881 but was
forced to abort the case following excessive cerebella swell-
ing [4]. Early surgical attempts were heroic interventions of
last resort in moribund patients and were associated with sur-
gical mortality rates of up to 78% [5]. With developments in
surgical technique and sterility, Harvey Cushing reported a
mortality rate of 4% in 1931 [6]. Walter Dandy further
advanced the field using ventriculographic and pneumoen-
cephalographic imaging and a unilateral suboccipital crani-
otomy [7, 8]. With such advancements, complete tumor
excision became more commonplace and rates of anatomic
preservation of the facial nerve approached 65% in 1941
[9-11].

William House introduced the operating microscope to
acoustic neuroma surgery in 1961 and advocated that each
operation be performed by a team of a neurosurgeon and
neuro-otologist [12]. Elliott and McKissock in 1954 were the
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first to report hearing preservation following a retrosigmoid
(RS) resection of an AN [13]. Subsequently, surgeons have
focused on the extent of resection and avoidance of facial
weakness and hearing loss—factors critical to a patient’s
choice among management options of clinical and radio-
graphic monitoring, three surgical approaches, and stereo-
tactic irradiation. This chapter will focus on the indications,
predictive factors, classification, microsurgical technique,
and outcomes for a retrosigmoid approach to an AN
resection.

Pathology and Pathophysiology

The pathophysiology of ANs in relation to hearing is com-
prehensively explored in Chap. 12, while the biology and
genetics are covered in Chap. 9. Briefly, mechanisms of cra-
nial nerve dysfunction, including hearing loss, can be cate-
gorized as compressive, infiltrative, ischemic, or a
combination of these. Although the vast majority of ANs
arises from the vestibular divisions of the eighth cranial
nerve, infiltration of the cochlear nerve is common even in
cases with small tumors, good preoperative hearing, and
unremarkable intraoperative appearance [14, 15].
Preservation of the cranial nerves requires a functional,
anatomically continuous nerve with an adequate vascular
supply. Tumor exposure, cerebellar retraction, or dissection
of the tumor from adjacent normal structures can disrupt a
nerve’s continuity, function, or vascularity [16]. Sekiya and
Moller demonstrated in a primate model that avulsion of the
internal auditory artery in the cerebellopontine angle (CPA)
could result in hearing loss [17]. In canine models, either
mechanical nerve distortion or vasospasm from vascular
manipulation alters brainstem auditory potentials [18, 19]
and produces demyelination and thrombosis of the vasa
nervorum [19]. The occasional spontaneous recovery of
cochlear nerve function weeks to months after its loss during
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surgery may represent resolution of a neural conduction
defect caused by ischemia, mechanical retraction, or a com-
bination of both [16].

The cranial nerves, particularly the cochlear nerve, can
be injured by traction on the nerve from sustained cerebel-
lar retraction, which may be required in a retrosigmoid
approach to large tumors. Traction injury to the nerve fibers
occurs at mechanically weak sections, such as the
Obersteiner—Redlich zone of transition from Schwann cell
sheath to glial cell coverage, which lacks the reinforcing
endoneurium of the distal nerve [20]. Furthermore, in the
case of the cochlear nerve, the fragile small fibers located
laterally at the modiolus are prone to avulsion from the
base of the cochlea, evident intraoperatively as sudden loss
or prolonged latency of wave V of the auditory brainstem
response (ABR) despite preservation of wave I following
cerebellar retraction [21].

Meticulous surgical technique is required at all times.
Sharp dissection can partially or completely divide the
nerve. Blunt dissection can stretch, shear, or avulse vital
nerve components or blood vessels. Electrocauterization
can cause thermal injury to the cochlear or facial nerve or its
blood supply and should be avoided in its proximity.
Preservation of the vascularity of a cranial nerve is often key
to maintenance of function. Drilling away the posterior wall
of the internal auditory canal (IAC) in the retrosigmoid
approach can inadvertently damage the inner ear either
directly or by thermal conduction. Opening into the bony
labyrinth can also compromise hearing, an outcome pre-
vented in some cases by early recognition and closure of the
opening with bone wax, particularly if the fenestration
occurs at the convexity of a semicircular canal. Hearing
preservation is much less likely if either the cochlea or ves-
tibule is transgressed.

ABR findings can help differentiate true neural injury
from cochlear injury. In cochlear nerve injury, wave I of the
ABR is preserved, but injury to the cochlear nerve itself
affects all waves of the ABR. Isolated cochlear injury is con-
firmed postoperatively by the ability to activate the cochlear
nerve electrically by stimulating the promontory despite
clinical deafness [22].

Investigation
Audiometry

The quality of a patient’s hearing is a major consideration in
choice of treatment of an acoustic neuroma. Given the high
dependence of postoperative hearing on preoperative hear-
ing, outcomes for all treatment strategies, both interventional
and observational, are stratified according to preoperative

hearing level [23, 24]. Thus, accurate preoperative assess-
ment of hearing is critical.

A patient’s hearing quality is usually described in terms of
thresholds for hearing pure tones and accuracy in speech dis-
crimination. The unit of measurement for sound pressure is
the decibel (dB), which is based on a logarithmic ratio. In
pure-tone audiometry, the pure-tone average (PTA) is the
mean threshold for sound detection (dB) at the octave fre-
quencies of 250, 500, 1000, 2000, 4000, and 8000 Hz.
Occasionally, interoctave frequencies of 3000 Hz and
6000 Hz are also used. Zero decibel is the lowest amplitude of
sound detected by an ideal ear. Normal thresholds fall between
0 and 25 dB for all frequencies. The standard audiogram rep-
resents a graph of the perception threshold (dB) as a function
of frequencies (Hz) tested. The frequencies most needed for
speech lie between 500 and 3000 Hz. One hearing classifica-
tion system based on dB level includes normal hearing
(0-25 dB) and mild (25-40 dB), moderate (40-60 dB), severe
(60-80 dB), and profound (>80 dB) hearing loss.

Speech audiometry evaluates the relative clarity or “use-
fulness” of the patient’s hearing of speech. Word recognition
is tested using a standardized list of 25-50 single-syllable
words “phonetically balanced” to represent the relative fre-
quency of sounds in the language being tested. The word rec-
ognition score (WRS) is the percentage of words the patient
is able to repeat correctly.

The combination of PTA and speech reception threshold
is highly informative about the usefulness of a patient’s
speech, the etiology of hearing loss, and potential therapeu-
tic interventions. For example, patients with poor pure-tone
thresholds but relatively preserved word recognition should
respond well to hearing aids because they can still process
amplified speech in a meaningful way. However, patients
with favorable pure-tone thresholds but poor word discrimi-
nation may not benefit from amplification because of per-
ceived distortion. This is often the case in patients with
neural hearing losses caused by retrocochlear pathology
such as an AN; the resulting disordered firing of the cochlear
nerve both raises perception thresholds and disproportion-
ately limits understanding by impairing sound processing.
Traditionally, a WRS higher than 50% is thought to be
required for effective use of hearing aids. A simplistic WRS
model includes class 1 (100-70%), class 2 (69-50%), class 3
(49-1%), and class 4 (0%) word recognition [25, 26].

Classification

The classification scheme of Gardner and Robertson, which
combines PTA and WRS, was used by many early studies of
acoustic neuromas (Table 13.1) [27]. It has been supplanted
by a scheme developed by the American Academy of
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Table 13.1 Gardner—Robertson hearing classification

Grade*  Description PTA or SRT (dB)> WRS

1 Good 0-30 70-100

1T Serviceable 31-50 50-69

11T Nonserviceable 51-90 5-49

v Poor >91-max loss 14

\'% None No response No response

PTA pure-tone average, SRT speech reception threshold, WRS word rec-
ognition score

2 If PTA/SRT score and WRS do not qualify for the same class, use the
class appropriate for poorer of the two scores

b Use better score of either PTA or SRT

Table 13.2 American Academy of Otolaryngology-Head and Neck
Surgery (AAO-HNS)

Class? Description PTA or SRT (dB)® WRS
A Good 0-30 70-100
B Serviceable 31-50 50-69
C Nonserviceable >51 >50

D Poor >51 <50

PTA pure-tone average, SRT speech reception threshold, WRS word rec-
ognition score

2 If PTA/SRT score and WRS do not qualify for the same class, use the
class appropriate for poorer of the two scores

b Use better score of either PTA or SRT

Otolaryngology-Head and Neck Surgery (AAO-HNS)
(Table 13.2) [28]. AAO-HNS class A and B hearing corre-
spond to Gardner—Robertson grade I and I hearing. However,
the AAO-HNS class C and D place a greater emphasis on the
WRS and thus provide greater insight into a patient’s poten-
tial to benefit from hearing aids.

More recently, guidelines elucidating the minimum stan-
dard for reporting hearing loss have been published by the
AAO-HNS hearing committee in an attempt to improve data
comparison between studies and enable pooling of data for
meta-analysis [29]. These guidelines recommend the use of
preintervention and postintervention scattergrams, which
plot WRS along the x-axis and PTA along the y-axis, enabling
a granular display of hearing outcomes at the individual
patient level. Importantly, the PTA is calculated using 0.5-,
1-, 2-, and 3-kHz air conduction thresholds, and the WRS is
presented at up to 40 dB sensation level of maximum com-
fortable loudness [29].

Definition of Success

Comparisons of hearing outcomes from managing ANs have
long been confounded by investigators’ inadequate charac-
terization of initial hearing [23], use of different hearing
classification systems, and employment of varying defini-
tions of useful hearing and, thus, of rates of successful hear-
ing preservation. This discrepancy has been recognized in
both the otolaryngology and neurosurgical literature. In

2012, the hearing committee of the AAO-HNS produced an
updated set of reporting standards, which have been outlined
in the previous section [29]. More recent consistent use of
current classification systems utilizing PTA and WRS has
facilitated more meaningful analysis of outcome.

For vestibular schwannoma management, the 2018 guide-
lines of the Congress of Neurological Surgeons propose that
useful (or serviceable) hearing be defined as a WRS of
greater than 50% and a PTA or speech response threshold of
less than 50 dB, which is equivalent to AAO-HNS class A or
B and Gardner—Robertson score of grade I or II [23].
However, these scales must be used cautiously. The AN
patient who has a good WRS in the quiet may still complain
of substantial impairment of speech understanding in noise.
Furthermore, the usefulness of a specific level of hearing in a
tumor-affected ear also depends on the quality of hearing in
the contralateral ear. In general, if hearing in the affected ear
has perception thresholds in the speech frequencies more
than 30 dB above or if WRS is more than 30% below those
of the contralateral ear, hearing in the affected ear contrib-
utes little to the patient’s speech comprehension. This 30/30
criterion for useful hearing is used by clinicians who counsel
patients about treatment options and expectations. In the
future, it may be more appropriate to present data according
to a change in PTA and WRS over time, with use of visual
aids such as scattergrams, and to include metrics that have
improved correlation with the real-world impact of hearing
loss, such as speech recognition in noise and associated
quality-of-life surveys [30].

Auditory Brainstem Responses

ABRs are the most sensitive and specific audiologic tests for
the diagnosis of ANs and were used extensively prior to
magnetic resonance imaging (MRI). Among patients with
documented ANs, 20-30% have lost all ipsilateral ABR
waves, 10-20% have only wave I, 40-60% have all waves
but the latency of wave V is increased, and 10-15% have
normal waveforms [31]. However, the technique suffers
from a rate of false-negatives of approximately 15%, but this
rate can range from 33% for intracanalicular tumors to 4%
for larger lesions [31-33]. Rates of false-positives (an abnor-
mal ABR when no AN is present) are much higher, exceed-
ing 80% in some series [34-36].

ABRs also may be prognostic for hearing preservation.
One study of 286 patients correlated preserved hearing with
lower mean interwave V latencies (0.51 vs 0.7 ms for those
with no postoperative hearing) and absolute wave V latencies
(5.35 vs 5.96 ms) on preoperative ABR [37]. Another study
of 107 patients found that rates of hearing preservation were
significantly higher if the preoperative ABR had good mor-
phology (63% vs 48% in those with poor ABR morphology)
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and a wave III (66.7% vs 33.3% with no wave III) [38].
Matthies and Samii classified preoperative ABRs into five
types: B1-B5. Types B1 and B2 contained waves I, III, and
V with variable latencies [39, 40]. Patients with a wave III
(types B1-B2) had a higher rate of hearing preservation than
patients without wave III (types B3-B5). Aihara and col-
leagues found that an interaural difference of wave V latency
(ITS) of less than 1.12 ms was prognostic of useful postop-
erative hearing [41].

Otoacoustic Emissions

Some hearing loss from an AN or its treatment involves loss
of cochlear function, some of which may reflect disruption
of its vascular supply [42]. Otoacoustic emissions (OAEs)
emanate from the cochlea’s outer hair cells. Preserved OAEs
may indicate preserved cochlear function and encourage
hearing preservation strategies. Although several studies
have examined OAEs in AN patients, only a few patients
both lack an ABR and yet have intact OAEs that meet the
criteria predictive of potential hearing preservation [43—45].
Ferber-Viart and colleagues found that OAEs were a signifi-
cant predictor of hearing preservation, but Brackmann and
colleagues failed to identify a significant correlation. Further
studies are needed to fully evaluate the role of OAEs in AN
surgery [37, 38]. Another study found that preoperative tran-
sient otoacoustic emission was a favorable prognostic indi-
cator of preservation of useful hearing preservation after
surgery [46].

Vestibular Testing

Electronystagmography (ENG) is frequently abnormal in
AN patients. The caloric response stimulates the lateral
semicircular canal, which is innervated by the superior ves-
tibular nerve (SVN). An absent caloric response may indi-
cate injury to the superior vestibular nerve (SVN) by a tumor
originating from either vestibular nerve. Ninety-eight per-
cent of patients with an AN originating from the superior
vestibular nerve show a reduced caloric response compared
with 60% of those with a tumor from the inferior vestibular
nerve (IVN) [47]. Furthermore, those with an AN arising
from the SVN had significantly less postoperative hearing
loss, likely because the SVN is less intimately related ana-
tomically with the cochlear nerve and the internal auditory
artery than is the IVN [36, 48, 49]. Three recent studies have
failed to demonstrate ENG as a significant prognostic factor
in hearing preservation, likely because ENG is not specific
for the nerve of origin [37, 50, 51]. Therefore, we do not
routinely order caloric testing.

Radiology

Imaging of the CPA and the AN is covered comprehensively
in Chap. 3. The discussion here focuses on imaging charac-
teristics important to hearing conservation microsurgery.

MRI Screening: When to Do It?

Whether all patients with otherwise unexplained asymmetri-
cal hearing loss should undergo MRI screening for a poten-
tial AN is controversial. In a retrospective cohort comparison
study of more than 400 patients with asymmetrical hearing
loss, Gimsing and colleagues found an interaural asymmetry
of perception threshold of greater than 15 dB at two contigu-
ous frequencies (between 2000 and 8000 Hz), an interaural
asymmetry of WRS of greater than 20%, unilateral deafness,
an interaural asymmetry of perception threshold of greater
than 20 dB at two contiguous frequencies, or unilateral tin-
nitus that had the highest sensitivity for identifying an
AN. Another retrospective study of more than 200 patients
found an interaural asymmetry of greater than 15 dB at
3000 Hz provided the highest positive likelihood ratio (2.91)
for the presence of an AN [52, 53]. Guidelines of the
Congress of Neurological Surgeons recommend that greater
than 10 dB asymmetry at two or more contiguous frequen-
cies or greater than 15 dB at any single frequency warrants
MRI [54].

Imaging Characteristics

Contrast-enhanced MRI is the imaging modality of choice
for ANs. Key features can confirm the expected diagnosis,
guide the choice of approach, and help assess risks of com-
plications. For instance, far-lateral extension of a tumor in
the TAC raises concern that all of the tumor may not be
removed by a retrosigmoid exposure without increased risk
of hearing loss [55]. In most retrosigmoid approaches, expo-
sure of the lateral third of the canal risks injury to the otic
capsule and thereby reduces the chances of hearing preserva-
tion [56-58].

In a cadaveric study, high-resolution computed tomogra-
phy (CT)-based frameless navigation (with or without endo-
scope) further facilitated lateral access; whether outcomes in
patients improve remains to be shown [59]. Gerganv and col-
leagues found that a shorter distance between the lateral
tumor margin and fundus significantly correlated with worse
hearing outcomes [60]. Another study found incomplete
obliteration of the IAC to be a positive predictor of service-
able hearing after surgery [61]. Lateral intracanalicular
extension of tumor can also challenge a middle fossa
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approach in which the lateral 25% of the IAC may be
obscured by the overhang of the transverse crest [62].

Anterior extension, including erosion of the anterior bony
wall of the IAC, is unfavorable for facial nerve outcome and
likely associated with significant tumor compression of the
cochlear nerve and possibly hearing loss [63]. Similarly,
tumor prolapsed laterally into the cochlear modiolus elimi-
nates the chance of hearing preservation.

As previously mentioned, the origin of the tumor from the
superior or inferior vestibular nerve is significant for pre-
serving both hearing and facial nerve function [48]. The inti-
mate relationship between inferior vestibular nerve tumors
and the cochlear nerve and internal auditory artery reduces
the likelihood of hearing conservation [64]. These tumors
also tend to deflect the facial nerve superiorly, leaving it in a
less favorable position for a middle fossa approach. We rou-
tinely use coronal MRI to determine the tumor’s location
relative to the transverse crest because this relationship has
practical implications for selecting a surgical approach. The
optimal MRI sequence for visualizing cranial nerves is a
high-resolution T2-weighted MRI; however, improved defi-
nition of nerves utilizing tractography is an area under active
investigation [55, 65, 66].

The size and location of the tumor are major consider-
ations in the choice of surgical approach. Intracanalicular
tumors can be managed via either the middle fossa or retro-
sigmoid approaches. The middle fossa approach probably
provides the best chance of hearing conservation in small
tumors. However, it often requires significant manipulation
of the facial nerve situated between the surgeon and the
tumor, carrying higher risk of facial nerve dysfunction, par-
ticularly for a tumor from the SVN [62, 67].

In tumors with a CPA component of 0—15 mm in diame-
ter, the middle fossa approach is associated with a relatively
high rate of transient facial nerve dysfunction, but long-term
results are similar to those of the retrosigmoid approach [67,
68]. In tumors with CPA components of 10—18 mm in diam-
eter, the hearing conservation rate via the middle fossa
approach was only 34% compared with 63% for tumors with
less than 10 mm extension into the CPA, while long-term
facial nerve outcomes were worse [69]. Similarly, a meta-
analysis of surgical approach for an AN found that hearing
preservation rates were similar for middle fossa and retrosi-
gmoid approaches to tumors more than 1.5 cm in diameter,
but facial nerve dysfunction was significantly higher with the
middle fossa approach [67]. Informed patient participation in
the choice of approach is essential because different patients
may weigh the relative importance of hearing and facial
function differently.

In patients with serviceable hearing and tumors with
10-25 mm diameter extension into the CPA, a retrosigmoid
approach is preferred if the lateral third of the IAC is free of
tumor. Hearing preservation rates are low in tumors with a

CPA extension greater than 25 mm [70]. Yet, it is still reason-
able to attempt hearing conservation via the retrosigmoid
approach in these cases, particularly if the patient has excel-
lent preoperative hearing and the extension of the tumor into
the IAC is limited.

Complications

The complication profile associated with the retrosigmoid
approaches will be considered here with a focus on hearing
preservation. In contemporary acoustic neuroma surgery,
facial nerve injury is uncommon, and the risk of permanent
severe or total paralysis is below 10%. This risk is greater for
large tumors [67]. Facial nerve outcomes of translabyrin-
thine and retrosigmoid approaches are generally comparable,
although a meta-analysis suggested that a retrosigmoid
approach results in better facial nerve outcomes than trans-
labyrinthine or middle fossa approaches for tumors greater
than 3 cm and significantly better outcomes than the middle
fossa approach for intracanicular tumors [67]. Others have
found that the middle fossa approach has a higher incidence
of transient weakness for tumors with less than 10 mm exten-
sion into the CPA and of permanent weakness for tumors
with 10-18 mm CPA extension [68, 69]. Therefore, if hear-
ing preservation is to be attempted, we prefer the retrosig-
moid approach for all tumors with more than 10 mm
extension into the CPA.

Persistent postoperative headache can be a significant
morbidity. Headache is more common with the retrosigmoid
approach; in one study, postoperative headache was 3.8
times higher after a retrosigmoid than after a translabyrin-
thine approach. It may persist for 6 months after surgery [32,
67, 71]. Its cause is not completely clear. The risk of head-
ache associated with postoperative aseptic meningitis can be
reduced by limiting dissemination of and thoroughly remov-
ing intradural bone dust that results from drilling open the
IAC. Replacement of the suboccipital bone plate and a curvi-
linear incision have been advocated to reduce postoperative
headaches [48, 72-81].

Retraction of the cerebellum during the retrosigmoid
approach can injure it; encephalomalacia in the lateral
1-2 cm of the hemisphere is sometimes seen on T2-weighted
MRI after surgery. Most patients have no symptoms. If the
injury extends more deeply, a prolonged ataxia may result.

In our experience, efforts to spare the cochlear nerve in
hearing preservation approaches increase operative time
and the risks of postoperative vestibular dysfunction and
tumor recurrence. However, a study of more than 700
patients found that the middle fossa approach was associ-
ated with a higher risk of recurrence than retrosigmoid and
translabyrinthine approaches whose risks were similar
[76]. The increased vestibular dysfunction likely reflects
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abnormal signals from vestibular nerve remnants, which
may slow vestibular compensation. Tumors can recur from
a small fragment left in the fundus [77]. The chances of
recurrence are higher with the middle fossa approach than
with the other two. The relative risk of recurrence after ret-
rosigmoid and translabyrinthine approaches is controver-
sial. Recurrence after a retrosigmoid approach may be
more common when dissection of the lateral third of the
IAC is blinded by the preserved otic capsule [56-58, 62,
76]. Although the endoscope is routinely used in some cen-
ters to inspect the distal IAC for residual tumor, there is
minimal evidence that this reduces recurrence [78, 79]. In
our experience, it is often difficult to use angled endoscopes
in such a small area without risking injury to the facial
nerve and difficult to discern tumor from nerve and in the
fundus.

Operative Techniques

Choice among operative approaches should consider numer-
ous factors, including whether hearing preservation is to be
attempted, the size of the tumor, its radiological characteris-
tics, potential complications, and patient preferences. The
comparison of operative strategies is considered in detail in
Chap. 5. The focus of this chapter will be the surgical nuances
of the retrosigmoid approach.

Retrosigmoid Approach

The retrosigmoid approach takes a suboccipital intradural
route between the posterior petrous face and the lateral cer-
ebellum to the CPA and IAC. It is perhaps the most versatile
of all approaches to the CPA as it may be used both in hear-
ing preservation procedures and for large tumors in which
hearing preservation is not a consideration [67]. The follow-
ing steps are critical.

Patient Position and Monitoring

After general anesthesia is induced, arterial and bladder
catheters are inserted. A prophylactic antibiotic (cefuroxime
2 g, intravenous [IV]) is typically given. Electrodes for mon-
itoring cranial nerves (V, VII, IX, XI) and earphones and
electrodes for monitoring ABR are placed (when ABR is
being monitored). Care should be taken to isolate the exter-
nal auditory canal and insure that the sterilizing solution
does not compromise hearing assessment.

The patient is placed in the supine-lateral position, and
the ipsilateral shoulder is elevated on a folded blanket. The
head is turned away from the side of the lesion, ideally 20°
beyond lateral, while the neck is flexed 20°, and the vertex is

angled inferiorly 10° to place the retromastoid region upper-
most in the surgical field. Some surgeons use rigid head fixa-
tion (e.g., a Mayfield head holder), but it is unnecessary
unless navigation is to be used. The left lower quadrant of the
abdomen is prepared in a sterile fashion and draped in antici-
pation of harvesting a fat graft. The surgeon stands or sits at
the head of the operative table. To confirm awareness of the
surgical plan by the entire team, a “team time-out” is per-
formed prior to the incision.

Incision

The retromastoid region is shaved, prepared, and draped in
sterile fashion. The incision is designed to expose bone over-
lying retrosigmoid dura from the origin of the sigmoid sinus
from the transverse sinus to just above the jugular bulb. The
course of the transverse sinus is approximated by a horizon-
tal depression in the skull, immediately above the superior
occipital line, extending laterally from just above the inion to
the asterion, just above and posterior to the top of the pinna.
The course of the sigmoid sinus can be approximated by the
vertical prominence of the posterior aspect of the mastoid
superior to the digastric groove. A 6-cm vertical incision is
marked parallel and 1 cm posteromedial to the vertical prom-
inence from 2 cm above to 4 cm below the horizontal depres-
sion (Fig. 13.1). Curving the ends of the incision slightly can
be useful in patients with bulky necks by enabling greater
retraction of the scalp flap. Before the marked line is incised,
it is injected with local anesthetic (lidocaine 1% with
1/100,000 epinephrine).

Fig. 13.1 The incision is made in the retromastoid region. Placing the
incision in a relatively anterior position minimizes trauma to the nuchal
musculature and the occipital nerve. (Reproduced from Jackler RK [90]
with permission, copyright © 2007 RK Jackler, MD)
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Soft Tissue Dissection

The incision extends through skin, galea, and suboccipital
fascia and muscle down to the bone. Inferiorly, special care
is taken to avoid injuring a vertebral artery passing anoma-
lously above the foramen magnum. To minimize devascular-
ization and facilitate closure, we advocate minimal use of the
monopolar cautery until the muscle layer is reached. The soft
tissue is elevated from underlying bone to expose the poste-
rior mastoid anterolaterally and 3 cm of suboccipital bone
posteromedially from just above the level of the transverse
sinus to below the suboccipital convexity. Ideally, a perios-
teal elevator is used to minimize muscle trauma and thermal
injury. The Apfelbaum modification of a suboccipital self-
retaining retractor is placed.

Craniotomy

A single burr hole is drilled just medial and inferior to the
asterion, which overlies the transition of the transverse sinus
to the sigmoid sinus, a point approximated by the intersection
of the vertical retromastoid line and transverse depression.
The dura is carefully cleared from the bone using a Penfield
dissector #3. A craniotomy 3—4 cm high and 2-3 cm wide
(depending on the size of the tumor) is opened immediately
inferior to the transverse sinus and posterior to the sigmoid
sinus. Residual bone covering the posterior aspect of the sig-
moid sinus is drilled away to increase the anterolateral expo-
sure (Fig. 13.2). Doing so usually requires isolation,
coagulation, and division of a prominent emissary vein enter-
ing the midportion of the sigmoid sinus. Particularly for large
tumors, bone removal should extend below the convexity of
the suboccipital bone to facilitate access to the cisterna magna.
The margins of the craniotomy should be coated with bone
wax, particularly occluding any opened mastoid air cells.

Dural Opening

The dural incision runs from the superolateral corner to the
midline of the craniotomy. It proceeds inferiorly in a vertical
line before turning inferolaterally to the inferior-lateral corner,
thereby creating a rhomboid-shaped flap based anteriorly.
Tack-up sutures pull the flap taut anterolaterally, partially
rotating the posterior margin of the sigmoid sinus forward.
Alternatively, a posteriorly based dural incision can be made
to allow the flap to be held under the retractor (Fig. 13.3). An
additional incision from the inferoposterior corner of the
durotomy to the inferoposterior corner of the craniotomy frees
an inferior triangle of dura, which can be retracted inferiorly
to provide access to the cisterna magna. Prompt elevation of
the cerebellar tonsil (using a Teflon-coated retractor) and
opening of the arachnoid of the cisterna magna (using a No.
11 blade) under direct vision with a microscope permit drain-
age of cerebrospinal fluid and decompression of the posterior
fossa—a maneuver particularly important with large tumors.

Fig. 13.2 A single burr hole is drilled just medial and inferior to the
asterion. A craniotomy is opened immediately inferior to the transverse
sinus and posterior to the sigmoid sinus. Any residual bone covering the
posterior aspect of the sigmoid sinus is removed using a combination of
rongeur and drill to increase the anterolateral exposure. SS sigmoid
sinus, 7S transverse sinus. (Reproduced from Jackler RK [90] with per-
mission, copyright © 2007 RK Jackler, MD)

Fig. 13.3 The dura is incised about 5 mm from the edge of the crani-
otomy to facilitate its suture closure. Relaxing incisions are created to
define small dural flaps, which are tacked up with small sutures.
(Reproduced from Jackler RK [90] with permission, copyright © 2007
RK Jackler, MD)
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Retraction

The approach to the tumor at the meatus and in the CPA is
along the anterolateral surface of the cerebellar hemisphere
and middle cerebellar peduncle. Arachnoid of the posterior
aspect of the central CPA cistern is incised to allow a 5/8-in.-
wide retractor blade to be positioned so that the lateral cere-
bellar hemisphere can be elevated from the posterior petrous
face. Adaptic™, a nonadherent material, is placed between
the cerebellum and the blade to protect the cerebellum and
enhance hemostasis. The retractor is positioned just dorsal to
the interface of the posterolateral convexity of the tumor
with the middle cerebellar peduncle. The arachnoid just
superior to the nerves of the jugular foramen is divided to
allow their relaxation inferiorly, away from the inferior pole
of the tumor. A similar division of arachnoid superiorly
allows the superior pole of the tumor to be separated from
the petrosal vein, which should be preserved (Fig. 13.4).

Identification of Nerves at Brainstem

Early identification of the eighth and seventh cranial nerves
proximally at the brainstem is helpful to their preservation. If
the tumor is large enough to completely obscure the seventh
and eighth cranial nerves at the brainstem, it must first be par-
tially debulked as described below. In other cases, the proxi-
mal nerves can be found beneath the inferior pole of the tumor.
A tuft of choroid plexus at the foramen of Luschka lying just
inferior to the flocculus is often a helpful landmark [64]. It lies
just posterior to the origin of the ninth cranial nerve from the
brainstem. The entry of the eighth cranial nerve into the brain-

Fig. 13.4 An Apfelbaum retractor is used as the base of a retractor arm
that supports the malleable blade. The blade is positioned over the lat-
eral aspect of the cerebellum over a strip of Adaptic™. The lateral lobe
of the cerebellum and the flocculus is then elevated off the tumor to
expose the posterior aspect of its extracanalicular portion. The petrosal
vein (also known as Dandy’s vein) should be preserved. If needed for
large tumors, it may be controlled with bipolar cauterization.
(Reproduced from Jackler RK [90] with permission, copyright © 2007
RK Jackler, MD)

stem is about 4 mm superior and 2 mm posterior to the origin
of the ninth cranial nerve. The seventh cranial nerve exits the
brainstem at a point in line with the origins of the glossopha-
ryngeal and vagal nerves, 2 mm anterior and inferior to the
entrance of the eighth cranial nerve [80].

Electrophysiologic stimulation can confirm the identity of
the nerve. The main stem of the anterior inferior cerebellar
artery (AICA) usually passes laterally below the facial and
vestibular nerves at the brainstem, but it can pass above or,
rarely, between them [81]. Usually a moderately sized vein
of the pontomedullary sulcus, sometimes accompanied by a
twig of the rostral branch of the AICA, passes between them.
Aggressive bipolar coagulation in the area should be avoided
lest either nerve be injured.

The facial nerve almost always passes anterior to the
tumor. Its course can be estimated from the initial direction of
the nerve along the brainstem, but its subsequent path to the
meatus cannot be reliably predicted as inferior (immediately
lateral beneath the lower pole), intermediate (obliquely across
the midportion of the tumor), or superior (up along the brain-
stem and then lateral to the anterior part of the upper pole). It
rarely passes through the tumor and almost never lies poste-
rior to the tumor [81]. Nonetheless, electrophysiologic simu-
lation should always be performed prior to incising the
pseudocapsule to exclude a possible posterior location, dur-
ing general debulking to exclude potentially injurious pene-
tration of the anterior pseudocapsule, and when tracing the
nerve during its dissection from the pseudocapsule.

The cochlear nerve typically passes along the anterior
aspect of the lower third of the tumor. Its preservation is best
attempted by dissecting tumor away from any uninvolved
nerve at the inferior pole. Often the cochlear component is
not distinct from residual uninvolved vestibular nerve
throughout the dissection. Instead, the tumor’s smooth sur-
face—evident as it is separated from the chalice of expanded
uninvolved nerves—serves to reassure that the cochlear
nerve, passing even more anterior, is being preserved. Such a
strategy is also more likely to preserve the critical microvas-
cular supply to the nerve and inner ear.

Removal of CPA Tumor
The arachnoid covering the posterolateral aspect of the tumor
is swept posteriorly from the petrous face back over the tumor
to the cerebellum. Preservation of this arachnoid plane per-
mits extra-arachnoidal resection of tumor and greatly facili-
tates dissection of the tumor pseudocapsule from cerebellum,
middle cerebellar peduncle, brainstem, and cranial nerves.
Removal of a CPA tumor begins with internal debulking.
Risk of injury to the facial and cochlear nerves is minimized
by entry into the posterior aspect of the tumor after electro-
physiological screening for the facial nerve. The pseudocap-
sule is incised after bipolar coagulation and after the tumor
within it is morselized and removed. This intratumoral deb-
ulking relaxes the pseudocapsule, encourages its separation
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from the facial nerve, and permits rotation of more of the
tumor into direct surgical access without excessive manipu-
lation of the facial nerve. Iterative internal tumor debulking,
dissection of the pseudocapsule away from uninvolved
nerves, and trimming freed tumor reduce the tumor to a thin
plaque along the facial and cochlear nerves.

The larger the tumor, the greater is the risk of traumatic or
ischemic injury to the cranial nerves or brainstem [82]. In
this circumstance, the facial and cochlear nerves are likely to
be elongated and attenuated and more vulnerable to injury.
Therefore, dissection must be meticulous. The facial nerve is
particularly vulnerable when it takes a long superior course
along the brainstem before turning back inferiorly and later-
ally to cross to the meatus. Occasionally, a small plaque of
tumor wedged at the apex of this hairpin turn must be left to
avoid injuring the nerve.

Larger tumors are more likely to compress the brainstem
and breach its arachnoidal protection. On preoperative
T2-weighted MRI, this scenario is often apparent as brain-
stem edema. However, the brainstem’s surface is usually
remarkably tolerant of careful microdissection of the tumor’s
pseudocapsule. Such dissection must be performed with
great care to avoid diverging from the surface of the tumor
into neural tissue. This risk is greatest at points where the
tumor attaches to the brainstem, usually corresponding to
small arteries or veins bridging between tumor and brain-
stem [83]. Veins leaving the tumor and arteries branching
solely to tumor should be isolated from the brainstem, coag-
ulated, and divided. Bleeding caused by inadvertent rupture
of such small vessels often stops with time and gentle pres-

ES
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Fig. 13.5 To expose the IAC component of the tumor, the posterior
osseous wall of the canal must be opened. With larger tumors, this
aspect of the procedure is performed after the CPA component is deb-
ulked. To expose the bone overlying the IAC, dural flaps are elevated
anteriorly and posteriorly. Preserving the dural flaps provides a pur-
chase for suture closure of the defect at the end of the procedure. Before

sure. Consequently, patience is preferable to aggressive
efforts at coagulation, which might injure the brainstem or
nerves [84]. Any attachment to larger, more proximal
branches of the AICA and, with much larger tumors, to the
superior cerebellar, posterior inferior cerebellar, basilar, and
vertebral arteries must be identified and carefully freed [85].
Incorporation of such an artery within the tumor is another
indication for leaving a small plaque of residual tumor.

Opening the Posterior Wall of the IAC

The IAC portion of the tumor can be exposed by drilling away
the bone from its posterior wall. The IAC can be drilled early
after cerebellar retraction or later after the CPA component of
tumor has been retracted. When possible, we prefer to drill the
IAC early, before dissection of arachnoid planes in the
CPA. Doing so helps minimize the spread of bone dust into the
cistern and may reduce the incidence of aseptic meningitis and
postoperative headache. The definitive identification of the
facial nerve in the IAC may also help during subsequent dis-
section of the CPA component. With larger tumors, the CPA
component may be debulked to obtain sufficient access to the
posterior petrous face prior to IAC drilling.

The location of the porus acusticus can be palpated with a
ball hook, as can that of the operculum endolymphatic sac,
which represents the origin of the vestibular aqueduct. The
axis of the IAC extends from the porus to just superior to the
operculum. The dura over the petrous face is carefully
incised along this line to avoid cutting the endolymphatic
sac. Superior and inferior dural flaps are retracted to expose
the bone posterior to the IAC (Fig. 13.5). The superior flap is

bone removal, Gelfoam® (G) is placed in the posterior fossa to confine
the spread of bone dust within the subarachnoid space. 10 = vagus
nerve; 9 = glossopharyngeal nerve; ES = endolymphatic sac; 5 = tri-
geminal nerve. (Reproduced from Jackler RK [90] with permission,
copyright © 2007 RK Jackler, MD)
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Fig. 13.6 (a) A cutting bur is used to rapidly drill a trough to the level
of the IAC dura. (b) Diamond burs are then used to excavate troughs
anterior and posterior to the IAC. Approximately two-thirds of its cir-
cumference is exposed to allow the IAC to be in high relief. It is particu-

elevated to the tentorium. Doing so often entails sacrifice of
the subarcuate artery, a branch of the AICA. This sacrifice is
generally well tolerated as this artery is usually an end artery
into the surrounding bone [64]. The inferior flap is elevated
off the endolymphatic sac and to the superior margin of the
jugular foramen. Gelfoam® is packed around the tumor to
limit the spread of bone dust.

Bone removal commences with a 3 mm cutting bur at the
porus to identify the posteromedial dura of the IAC. A 3-mm
and then a 2-mm diamond bur is used to define the IAC fur-
ther. The endolymphatic aqueduct is a useful landmark for
the lateral extent of safe bone removal. Drilling through the
endolymphatic aqueduct risks injury to the underlying crus
commune and subsequent irreversible inner ear damage.

Troughs are drilled superior and inferior to the medial
TAC to facilitate tumor exposure and resection. The jugular
bulb may be immediately inferior to the IAC and, in some
cases, may overlap its posterior face, which may obstruct
exposure in an anatomic variant called a high-riding jugular
bulb. The surgeon should review the patient’s preoperative
images to be alert to this possibility and to avoid injury to the
jugular bulb. The dura of the IAC is opened along its axis
with a No. 11 blade or a myringotomy knife, and superior
and inferior flaps are created (Fig. 13.6). Given the variabil-
ity of the facial nerve’s course, the nerve stimulator should
be used before the dura is incised to prevent inadvertent
sharp injury to the nerve.

Removal of Intracanalicular Tumor

Once the dura of the IAC is incised and the contents of the
canal are exposed, tumor removal can begin. The nerves are
identified using the landmarks and features discussed above.
Given the posterior exposure of the IAC, the vestibular

larly important to funnel the porus acusticus widely to avoid overhangs
that might obscure the tumor—facial nerve interface as it angulates
sharply into the CPA. (Reproduced from Jackler RK [90] with permis-
sion, copyright © 2007 RK Jackler, MD)

nerves and tumor are encountered first. At the lateral end of
the canal’s opening, the facial nerve is sought just anterior to
the superior vestibular nerve. The plane between the facial
nerve and tumor is developed, and the cochlear nerve is iden-
tified just anterior to the inferior vestibular nerve. Careful
debulking of tumor allows additional neural exposure. The
portion of the vestibular nerve of tumor origin continuous
with tumor is divided and dissected from the remainder of
that nerve as well as from the other vestibular nerve, facial
nerve, and cochlear nerve. Special effort must be made to
verify removal of all lateral tumor extending deeply toward
the fundus. This far-lateral dissection must sometimes be
performed without the benefit of direct visualization; a small
endoscope may permit a more definitive view of the distal
canal. Small, cupped micro-instruments passed gently along
the facial nerve are used to palpate osseous landmarks (such
as the transverse crest) and to retrieve any residual tumor.

The initial dissection within the IAC usually proceeds lat-
erally to medially. However, as noted below, the direction of
dissection is not as important as its delicacy. Critical issues
include avoiding traction on tumor tissue or on any nerve that
might result in stretch of cochlear or facial fibers anchored at
the meatus (commonly) or fundus as well as identifying and
preserving the internal auditory artery. The dissection is con-
tinued through the meatus and along the superior petrous
face to join that from the CPA. Once the removal of the
tumor is complete, the facial nerve can be stimulated to
ensure functionality; stimulus at 0.1 mA predicts good facial
nerve outcome [86].

Closure
Closure begins with verification of hemostasis with the
patient’s blood pressure at normal levels and with a Valsalva
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maneuver. Irrigation of the microscopic field flushes debris
from the subarachnoid space. The drilled petrous surfaces of
the IAC are coated with bone wax to obliterate any opened
mastoid air cells. Subcutaneous fat from the abdomen is
placed over the nerves in the IAC and covered by a piece of
Surgicel® to hold it in place. Sometimes, a single suture (4-0
nylon) can be placed to appose the dural flaps of the posterior
petrous face over the fat graft. The cerebellar retractor is
removed, and the cortex of the hemisphere is inspected for
bleeding. The dura is closed in watertight fashion, using a
graft or muscle patch as needed. The margins of the craniot-
omy are again waxed. The bone plate is secured with tita-
nium miniplates. Suboccipital muscle and fascia and galea
flaps are sutured, and the skin is stapled.

Microsurgical Dissection

Microsurgical dissection of the tumor can be difficult, and
certain challenges are common to all approaches. Removal
of tumor remnant from the proximal acousticofacial bundle
represents one such challenge. The remaining nerves are
often compressed and distorted into a shape that resembles a
tulip or wine chalice surrounding the tumor remnant. Usually,
the remaining vestibular nerve is posterior, the cochlear
nerve is more inferior, and the facial nerve is anterior. The
tumor can often be separated from the more substantial facial
nerve before it is dissected from the cochlear nerve.
Preservation of any uninvolved vestibular nerve often helps
during dissection. The margin of the tumor is not a true cap-
sule. Rather, it is a pseudocapsule formed by peripheral
tumor cells arranged more compactly and more tangentially
to the tumor surface compared with central tumor cells [87].
Because peripheral tumor cells can adhere to attenuated
nerves, this final stage of dissection must be extremely
delicate.

Often, partial rotation of the tumor and nerves can opti-
mize the orientation of the dissection plane. Turning the
plane to enable multiple approaches for dissection can help.
The direction of dissection is less important than minimizing
the traction on the nerves. Fine blunt dissection along a
cleavage plane with a small disk dissector is useful. This
maneuver can stabilize the nerve, while gentle traction of the
tumor is maintained with a small suction. A broad plane of
dissection is always desirable and is best maintained by
sweeping the dissector delicately over as much of the surface
of the tumor interface as possible. When the correct plane is
maintained, the tumor’s pseudocapsule appears smooth.

Loss of the correct plane can result in tiny remnants of
tumor against nerve. These tumor plaques often infiltrate
where fine vessels bridge tumor and nerve. They can become
progressively thicker if dissection continues in a false plane.
The correct plane can be regained either by sharply dividing

the inciting attachment and elevating the plaque or by dis-
secting at another edge of the tumor. Remaining nerves
should be inspected closely for residual tumor fragments.
Small bleeding points along the facial or cochlear nerves
should not be coagulated; thrombin-impregnated Gelfoam®
pledgets, gentle pressure, and patience are preferable.

Intraoperative Monitoring

Intraoperative monitoring of cranial nerve function was
introduced by Delgado and colleagues in the 1970s and is
now standard procedure in most operating rooms [88, 89].
While it has primarily been aimed at helping identify and
preserve cranial nerves, there is increasing interest in using it
as a electroprognostic marker for early postoperative coun-
seling of patients and in timing facial reanimation [90, 91].
The recent guidelines for AN surgery released by the
Congress of Neurological Surgeons have recommended the
use of intraoperative eighth cranial nerve monitoring in AN
surgery [91]. This chapter specifically focuses on monitoring
for hearing preservation. The first and most common method
is recording of ABRs. The measurement of direct cochlear
nerve action potentials (CNAPs), electrocochleography
(ECoG), and evoked OAE:s are other potential options.

Intraoperative ABR recording uses headphones within the
ear canal to deliver a repetitive click stimulus to the ear.
Electrodes over the mastoid and scalp then measure the elec-
trical response of the inner ear, cochlear nerve, and brain-
stem. By averaging the response over time, distinct waves
(I-V) can be recorded, providing information on the integrity
of the auditory pathway. Despite the use of high stimulus
rates, more than 1 min may be needed to obtain a reproduc-
ible waveform. A stimulus intensity of 95 dB is used to main-
tain an adequate signal-to-noise ratio. An ABR from the
contralateral ear serves as a control and as a monitor for gen-
eralized effects such as anesthesia and temperature [92].
Clinically, the amplitude and latency of waves I, III, and V
are monitored. Although each wave is generated from
numerous sources, it is useful to consider wave I as arising
from the distal eighth cranial nerve, wave III from the supe-
rior olivary complex, and wave V from the inferior colliculus
[93]. Harper found significant improvement in hearing pres-
ervation rates for small tumors (less than 11 mm) using mon-
itoring, with the presence of waves I and V being a positive
predictor variable (with 67% likelihood of useful hearing
preservation) [94].

In a review of intraoperative ABR changes in 201 patients
undergoing AN resection, the risk of deafness associated with
temporary loss of either wave I, III, or V was 11-14%. The
risk associated with permanent loss of any of these waves was
65-78% [39]. The disappearance of waves I and III usually
preceded the disappearance of wave V. The disappearance of
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wave III was the earliest and most sensitive sign. Neu and
colleagues classified intraoperative ABR into four prognostic
patterns [95]. Hearing was preserved in all patients with a
stable wave V (pattern 1), whereas all patients with an abrupt
loss of ABR (pattern 2) lost hearing. An irreversible loss of
either wave I or wave V (pattern 3) was associated with even-
tual postoperative hearing loss. Patients with reversible ABR
changes (pattern 4) had variable outcomes. Despite correla-
tions between intraoperative ABR changes and postoperative
hearing, some surgeons believe that changes in the ABR lack
specificity. A major deficiency is that the lengthy acquisition
times may not give sufficient warning to enable surgeons to
take corrective action if the nerve is in danger.

The direct measurement of CNAPs using an electrode
adjacent to the cochlear nerve in the operative field allows
reproducible waveform averages to be obtained within sec-
onds, compared with as long as 1 min for ABR averaging
[92]. Both monopolar and bipolar electrodes are placed at the
root entry zone of the eighth cranial nerve or more distally in
the IAC. Amplitude and latency variability are measured con-
tinually during surgical maneuvers that put the nerve at risk.
Advantages of CNAP over conventional ABR include near
real-time feedback to the surgeon, easier identification of
waveforms, and reliable responses even when conventional
ABR is lost or deformed [96]. In one study, CNAP wave-
forms could be recorded in 92% of patients, whereas ABR
could be obtained in only 48% of patients undergoing hearing
conservation surgery [97]. The first positive peak (N1) in the
CNAP waveform is generated by the cochlear nerve, and the
latency is similar to that of wave II on the ABR [98]. Either
decreased amplitude or increased latency of N1 can signify
injury to the eighth cranial nerve [99, 100]. At the end of sur-
gery, the presence of the N1 waveform in the CNAP is prog-
nostically significant. In one review, no patient lacking N1
had postoperative hearing, whereas 79% of patients with N1
had measurable hearing [101]. Piccirillo and colleagues
found that patients with tumors smaller than 1.5 cm and nor-
mal preoperative hearing were more likely to have AAO-HNS
class A hearing; however the presence of CNAP did not
ensure a good hearing outcome [102].

The primary disadvantage of the CNAP is that it reflects
the integrity of the cochlear nerve only to the point where the
electrode is placed. It does not give information about the
integrity of the auditory pathway downstream, as does the
ABR. With large tumors, the root entry zone of the cochlear
nerve may be inaccessible until some tumor has been
removed. In cases where the root entry zone is inaccessible,
the electrode can be placed extradurally against the bone of
the IAC and adjacent to the cochlear nerve [103]. CNAP
recordings are highly dependent on electrode position; there-
fore, care must be taken during manipulations that might dis-
place the electrode. With care, the electrode and wire can be
placed outside the path of microsurgical instruments.

ECoG, another near-field technique, also can be used to
record cochlear microphonic (CM) potential and summating
potential (SP). CM potentials are generated by cochlear
outer hair cells, and the SP represents a depolarization of the
hair cells. The SP is a presynaptic response, whereas the
CNAP is a postsynaptic response [92]. When ECoG and
CNAP are used together, the site of damage can be localized
to the cochlea or the eighth cranial nerve. However, use of
ECoG alone is limited. ECoG potentials can persist for
some time despite complete division of the eighth cranial
nerve [104].

Several studies have compared the utility of these various
intraoperative monitoring techniques. Battista and col-
leagues retrospectively reviewed 66 patients who underwent
either ABR, ECoG, or CNAP monitoring during hearing
conservation surgery [105]. Postoperatively, they found ser-
viceable hearing in 24% of patients with ABR monitoring,
17% with ECoG monitoring, and 40% with CNAP monitor-
ing. However, these differences did not reach statistical sig-
nificance. In areview of 77 patients by Danner and colleagues,
CNAP monitoring was associated with a significantly higher
rate of measurable postoperative hearing than ABR (64% vs
41%) and was highest in tumors smaller than 1.5 cm [106].
However, when only serviceable hearing was considered,
there was no statistically significant difference (43% vs
27%). Colletti and Fiorino found that patients monitored
with ABR and CNAP had a significantly better postoperative
PTA than those monitored with ABR alone (54.1 dB vs
82.5 dB) [107]. Unfortunately, data regarding the WRS or
percentage of patients with serviceable hearing were not
given.

Facial nerve monitoring is almost universal in AN micro-
surgical procedures. Lenarz and Ernest reported improved
facial nerve function in both immediate and long-term
(1 year) outcomes, particularly in larger tumors (>1.5 cm in
diameter) with 87% of monitored patients having a House—
Brackmann grade I-IIT immediate result compared to 74% of
unmonitored patients [108]. A retrospective analysis in
patients undergoing both translabyrinthine and retrosigmoid
approaches found similar results in 121 patients [109]. In
view of these findings, recent guidelines from the Congress
of Neurological Surgeons have recommended the use of
facial nerve monitoring [91].

Hearing Results

The success of hearing preservation surgery varies widely,
and confounding factors and bias must be considered when
comparing different surgical approaches and techniques
(Table 13.3). Guidelines from the Congress of Neurological
Surgeons found that the probability of maintaining service-
able hearing for small to medium tumors (<2 cm in diameter)
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Table 13.3 Results of hearing preservation studies Table 13.3 (continued)
Number of Number of
patients patients
with AAO-HNS with AAO-HNS
serviceable Tumor size  Class A + B® serviceable Tumor size  Class A + B®
Study hearing Approach (cm)? No (%) Study hearing Approach (cm)* No (%)
Glasscock 136 38 MF, <l.5 37 (27) Rowed [128] 26 RS IC 50%
etal. [112] 98 RS Samii [129] 16 RS IC 56%
Brookes and 17 RS <1.0 9(53) Colletti [107] 25 RS 0.4-1.2 57 (%) (A,
Woo [113] B,O)
Arriagaetal. 26 RS Mean = 1.66 14 (54) Nonaka [130] 170 RS <2.0 82.8%
[110] Sameshima 82 RS <1.5 73.2%
34 MF Mean =0.72 24 (71) [131]
Slattery et al. 143 MF Mean=1.2 74 (52) Sannaetal. 107 RS 54.2%
[50] [132]
Irvingetal. 25 MF IC 11 (44) Hannover
[68] Class®
20 MF 0.1-1.0 12 (60) (H1 + H2)
5 MF 1.1-2.0 1 (20) Samii and 29 RS TI¢ 6 (21)
17 RS IC 2 (12) Matthies
12 RS 0.1-1.0 3(25) [133]
21 RS 1.1-2.0 3(14) 96 RS T2¢ 25 (26)
Sataretal. 104 MF 1C-0.9 57 (62) 249 RS T3¢ 39 (16)
[69] Gardner-
47 MF 1-1.8 15 (33) Robertson
Rohitetal. 107 SOMF, <15 34 (32) Grade
[114] 48RS I+1I
Arts et al. 62 MF 03-1.8 45 (73) Cohen et al. 128 RS <0.5 32 (37)¢
Grayelietal. 44 RS/ME  <I.5 25 (57) 0.6-1.0 32 (34)
[115] 1.1-1.5 38 (24)°
Quistetal. 49 MF NR 27 (55) >1.5 26 (11)°
[116]— Dornhoffer 65 MF <0.5 39 (60)°
immediate etal. [51]
Quist et al. 16 MF NR 12 (75) 11 MF 0.5-1.0 7 (64)°
[116]—5- 17 MF 1.0-1.5 8 (47)
year Betchenetal. 142 RS 0.4—4.0f 43 (30)°
follow-up [135]
Sughrue 702 RS NR 330 (47) Rowed and 26 RS IC 13 (50)¢
[117] Nedzelski
Yamakami 36 RS <15 26 (72) [128]
etal. [118] 68 RS 0.4-1.5 20 (29)¢
Mazzoni 189 RS >3.2 47 (25) Lin [136] 113 RS <2.0 30 (27), 18
etal. [119] (16) at
Di Maio et al. 28 RS >3.0 6 (21%) 9.5 years
[120] Goel et al. 42 RS >2.5 13 (31)
Hiltonetal. 78 MF NR 51 (65%) [137]
[121] Fischeretal. 22 RS >3.0to<1.0 12 (55)
Maw et al. 33 RS <3.0 38% [138]
[122] IC intracanalicular, MF middle fossa, RS retrosigmoid
Chee et al. 126 RS <2.0 43 (34%) Note: Selected studies using the middle fossa approach are included in
[123] the table for comparison
Lee [124] 59 RS <3.0 11(19) Modified with permission from Jackler RK and Driscoll CLW [139]
Kaylieetal. 27 RS <4.0 8 (29) * Tumor size includes posterior fossa component except when
[125] indicated
Ferber-Viart 86 RS >4.0 47 (55) > AAO-HNS classification system
[38] ¢ New Hannover classification system
Gormley 69 RS <3.9 cm 38% 4 T1 = intrameatal; T2 = intrameatal and extrameatal; T3 = filling the
[126] cerebellopontine angle
Post et al. 46 RS 0.9-4.0 18 (39%) ¢ Pure-tone average <50 dB and word recognition >50%
[127] f Size range of tumors with preserved hearing

¢ Pure-tone average <50 dB and word recognition >60%
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following microsurgical resection was between 25% and
50% at 2, 5, and 10 years postoperatively [23]. For patients
with AAO-HNS class A or Gardner—Robertson grade I,
2-year and 5-year probabilities of serviceable hearing were
50-75%, dropping to 25-50% at 10 years [23].

Factors with a heavy impact on hearing outcome postop-
eratively include preoperative serviceable hearing, size (par-
ticularly less than 15 mm in diameter), and a distal internal
auditory cerebrospinal fluid cap, while age and sex were not
strong predictors [23]. Other factors that confound compari-
son of results among series include differing restrictions on
tumor location, surgical approaches, metrics of hearing
results, classification systems, and definitions of success.

The highest rates of hearing preservation have generally
been reported with small tumors treated via the middle fossa
approach [67-69, 110, 111]. In the most favorable condi-
tions, the rate of preservation of useful hearing surpasses
50%. The middle fossa approach, however, has three disad-
vantages. Firstly, exposure of the CPA component of the
tumor is limited. Secondly, in contrast to the translabyrin-
thine approach, the lateral IAC may require blind dissection.
Thirdly, compared with other approaches, the facial nerve is
at increased risk of permanent palsy if the cisternal tumoral
component is more than 1.0 cm in diameter [62, 67, 69].

Overall hearing preservation rates via the retrosigmoid
approach tend to be lower than those after a middle fossa
approach for smaller tumors (less than 15 mm in diameter)
[67]. However, a direct comparison controlling for tumor
size and preoperative hearing status is difficult. In one series,
as many as 25% of patients retained serviceable hearing after
the retrosigmoid approach for tumors less than 20 mm in
diameter [68]. Hearing preservation rates are diminished
when the cisternal tumoral component is more than 20 mm
in diameter [128, 133, 134, 140].

Which Approach?

A recent review found hearing preservation rates of 18.9—
77% with the middle fossa approach with a facial nerve pres-
ervation rate of 50-86%. The retrosigmoid approach also
had excellent hearing preservation rates of between 11% and
68% with a higher facial preservation rate (59-98.7%) [25,
130, 131, 133, 141-145]. Recent consensus guidelines found
either approach was reasonable for hearing preservation
[146]. When choosing the approach for a particular patient,
overall success rates are not as important as individual prog-
nostic factors. For example, a patient with a small tumor,
minimal TAC involvement, excellent preoperative hearing,
and a normal ABR will likely have a 50% chance of retaining
hearing regardless of whether the middle fossa or retrosig-
moid approach is used. Colletti and colleagues found that
tumors less than 3 mm from the IAC fundus had higher pres-

ervation rates with a middle fossa approach while, for those
with more medial location, the middle fossa approach was
not superior to a retrosigmoid approach [147]. Conversely,
patients lacking these favorable characteristics will likely
have poor results. Given that only a small fraction of patients
with ANs are candidates for hearing preservation and the
probability of success is limited, one can estimate that only
5% of patients with ANs will have useful hearing in the
tumor ear after surgery. In comparison, a recent review of the
literature found similar facial nerve preservation rates for
retrosigmoid (36-95%) and translabyrinthine (29-89%)
approaches [146].

Attempts at hearing preservation surgery are encouraged
for patients with good preoperative hearing (class A or B)
and tumors less than 20 mm in diameter [146]. Using a retro-
sigmoid approach, Sameshima found a hearing preservation
rate of 73.2% in tumors less than 15 mm in diameter, and
Nonaka and colleagues reported hearing preservation rates
of approximately 83% for tumors less than 20 mm in diam-
eter [130, 131]. At a mean follow-up of 18 months, Grayeli
and colleagues found a hearing preservation rate of 57% in
patients who presented with serviceable hearing [115]. An
attempt at hearing preservation may be warranted for even
large tumors. In patients with tumors larger than 30 mm in
diameter and serviceable hearing preoperatively, Di Maio
and colleagues found that 21% had serviceable hearing fol-
lowing RS surgery [120].

Follow-Up and Long-Term Outcomes

Imaging

Protocols for postoperative imaging stipulate different
intervals between scans and lengths of follow-up depend-
ing on tumor, patient, and surgical factors. In a study of 299
patients for whom gross total resection of tumor was
achieved, Bennett and colleagues found just 3 patients with
nodular enhancement on MRI at 1 and 5 years; 2 of these
were the only patients who developed recurrence [148].
Similarly, low recurrence rates were found in a translaby-
rinthine series by Tysome and colleagues: of 314 patients,
97% had no recurrence at 2 years, while 8 had linear
enhancement at 2 years, none of whom progressed over
5-15 years [149]. One patient with nodular enhancement at
2 years had tumor progression. In a study of 50 patients,
Arlt and colleagues found that 2 of 22 patients had recur-
rence after gross total resection at approximately 3.5 years,
while 9 of 28 patients had recurrence after subtotal resec-
tion [150]. Recent guidelines recommend that baseline
MRI be obtained within the first year following surgery,
with annual or biannual imaging for at least 5 years [55]. If
the patient develops nodular enhancement, more frequent
imaging is indicated [55].
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Hearing

Even after initially successful hearing preservation surgery,
both pure-tone thresholds and speech discrimination can
deteriorate over time. In 14 of 25 patients operated on via the
middle fossa route, the average speech reception threshold
loss was 12 dB, and the average loss of speech discrimina-
tion was 25% over a mean follow-up of 8.1 years [49]. A
different study assessed preservation of serviceable hearing
in 35 patients with Gardner—Robertson grade I and II hearing
after a retrosigmoid approach over an average of 7 years.
Overall, 30 patients (86%) maintained serviceable hearing, 5
patients (14%) dropped to class 3 or 4, and 3 patients (9%)
increased from a class 3 into the serviceable range [135].
Similar rates of long-term hearing deterioration, ranging
from 22% to 36% over 5 years, have been reported by others
[79, 151]. Another retrospective study found 27% of patients
had serviceable hearing in the immediate postoperative
period, but this number dropped to 16% over 10 years of
follow-up [136]. In contrast, in a study of patients under
40 years of age, Sughrue and colleagues found that, if
patients had preserved hearing postoperatively, no patient
progressed to nonserviceable hearing even after 10 years
[152]. Similarly, in a study of 15 patients who had preserved
hearing postoperatively, Yamakami and colleagues found
that 12 patients (80%) maintained serviceable hearing after
7 years [118]. Another study found that, for tumors less than
20 mm in diameter and serviceable hearing prior to surgery,
rates of continued serviceable hearing at 2, 5, and 10 years
are 47%, 45%, and 43%, respectively [23].

Long-Term Risk of Recurrence

In a study of 299 patients who underwent gross total resec-
tion, Bennett and colleagues found only 2 patients (0.67%)
developed recurrence [148]. Similarly, another study found
only 1 patient of 314 developed recurrence following gross
total resection [149]. However, in 203 patients, Carlson and
colleagues found that subtotal resection increased future
recurrence 16-fold [153]. Bloch and colleagues found that
the recurrence rate of near total and subtotal resection over
3 years in 79 patients was 3% and 32%, respectively [154].
Another study of 20 subtotal resected tumors found only 1
recurrence over a mean follow-up of 5 years [155]. A recent
study on a patient with unilateral AN who underwent a retro-
sigmoid approach found that there was a significant recur-
rence rate in subtotal resected ANs, with a recurrence-free
survival rate at 5, 10, 15, and 20 years of 93%, 78%, 68%,
and 51%, respectively [156]. Even in gross total resection,
recurrence-free survival for 5, 10, 15, and 20 years was 96%,
82%, 73%, and 56%, respectively, while subtotal resection
had 5-, 10-, and 15-year recurrence-free survival of 47%,
17%, and 8%, respectively [156]. A recent report evaluating
large ANs (>2.5 cm), where residual tumor was treated with
radiation, found that the likelihood of regrowth was three

times higher in subtotal resection and radiation when com-
pared to gross total or near total resection, with similar facial
nerve outcomes between the groups [157]. Overall, there
appears to be a low risk of recurrence over the first 5 years
following gross total resection. Because the risk is higher
after subtotal resection, patients with incomplete tumor
removal should be followed for decades.

References

1. McRackan TR, Brackmann DE. Historical perspective on evolu-
tion in management of lateral skull base tumors. Otolaryngol Clin
N Am. 2015;48(3):397-405.

2. Stevens G. A case of tumor of the auditory nerve occupying the
fossa for the cerebellum. Arch Otolaryngol. 1879;8:171-6.

3. Toynbee J. Neuroma of the auditory nerve. Trans Path Soc Lond.
1853;4:259-60.

4. McBurney C, Starr M. A contribution to cerebral surgery: diagno-
sis, localization and operation for removal of three tumors of the
brain: with some comments upon the surgical treatment of brain
tumors. Am J Med Sci. 1893;55:361-87.

5. von FEiselsberg A. Uber die chirurgische Behandlung der
Hirntumoren. Trans Int Congr Med. 1913;7:203-7.

6. Cushing H. The acoustic tumors. In: Intracranial tumours.
Springfield, IL: Charles C. Thomas; 1932.

7. Dandy WE. Ventriculography following the injection of air into
the cerebral ventricles. Ann Surg. 1918;68(1):5-11.

8. Machinis TG, Fountas KN, Dimopoulos V, Robinson JS. History
of acoustic neurinoma surgery. Neurosurg Focus. 2005;18(4):e9.

9. Dandy W. Results of removal of acoustic tumors by the unilateral
approach. AMA Arch Surg. 1941;42:1026-33.

10. Cairns H. Acoustic neuroma of the right cerebellopontine angle:
spontaneous recovery from postoperative facial palsy. Proc R Soc
Med. 1931;25:35-40.

11. Olivecrona H. Acoustic
1940;3(2):141-6.

12. Hitselberger WE, House WF. Surgical approaches to acoustic
tumors. Arch Otolaryngol Chic Il 1960. 1966;84(3):286-91.

13. Elliott FA, McKissock W. Acoustic neuroma; early diagnosis.
Lancet Lond Engl. 1954;267(6850):1189-91.

14. Neely JG. Is it possible to totally resect an acoustic tumor and con-
serve hearing? Otolaryngol Head Neck Surg. 1984;92(2):162-7.

15. Neely JG. Hearing conservation surgery for acoustic
tumors—a clinical-pathologic correlative study. Am J Otol.
1985;(Suppl): 143-6.

16. Kveton JF. Delayed spontaneous return of hearing after acoustic
tumor surgery: evidence for cochlear nerve conduction block.
Laryngoscope. 1990;100(5):473-6.

17. Sekiya T, Mgller AR. Effects of cerebellar retractions on the
cochlear nerve: an experimental study on rhesus monkeys. Acta
Neurochir. 1988;90(1-2):45-52.

18. Sekiya T, Iwabuchi T, Kamata S, Ishida T. Deterioration of audi-
tory evoked potentials during cerebellopontine angle manipula-
tions. An interpretation based on an experimental model in dogs. J
Neurosurg. 1985;63(4):598-607.

19. Sekiya T, Mgller AR. Cochlear nerve injuries caused by cerebel-
lopontine angle manipulations. An electrophysiological and mor-
phological study in dogs. J Neurosurg. 1987;67(2):244-9.

20. Sekiya T, Mgller AR, Jannetta PJ. Pathophysiological mechanisms
of intraoperative and postoperative hearing deficits in cerebel-
lopontine angle surgery: an experimental study. Acta Neurochir.
1986;81(3—4):142-51.

tumours. J Neurol Psychiatry.



184

J. M. Moore et al.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Jackler R, Pfister M. Acoustic neuroma. In: Jackler and Brackman
(eds) Neurotology. 2nd ed. Philadelphia: Mosby; 2005. p. 727-82.
Lambert PR, Ruth RA, Thomas JF. Promontory electrical stimu-
lation in postoperative acoustic tumor patients. Laryngoscope.
1992;102(7):814-9.

Carlson ML, Vivas EX, McCracken DJ, Sweeney AD, Neff BA,
Shepard NT, et al. Congress of Neurological Surgeons system-
atic review and evidence-based guidelines on hearing preserva-
tion outcomes in patients with sporadic vestibular schwannomas.
Neurosurgery. 2018;82(2):E35-9.

Stangerup S-E, Caye-Thomasen P. Epidemiology and natural
history of vestibular schwannomas. Otolaryngol Clin N Am.
2012;45(2):257-268, vii.

Meyer TA, Canty PA, Wilkinson EP, Hansen MR, Rubinstein JT,
Gantz BJ. Small acoustic neuromas: surgical outcomes versus
observation or radiation. Otol Neurotol. 2006;27(3):380-92.
Stangerup S-E, Caye-Thomasen P, Tos M, Thomsen J. Change in
hearing during “wait and scan” management of patients with ves-
tibular schwannoma. J Laryngol Otol. 2008;122(7):673-81.
Gardner G, Robertson JH. Hearing preservation in unilat-
eral acoustic neuroma surgery. Ann Otol Rhinol Laryngol.
1988;97(1):55-66.

Committee on Hearing and Equilibrium guidelines for the evalu-
ation of hearing preservation in acoustic neuroma (vestibular
schwannoma). American Academy of Otolaryngology-Head and
Neck Surgery Foundation, INC. Otolaryngol Head Neck Surg.
1995;113(3):179-80.

Gurgel RK, Jackler RK, Dobie RA, Popelka GR. A new stan-
dardized format for reporting hearing outcome in clinical trials.
Otolaryngol Head Neck Surg. 2012;147(5):803-7.

Oghalai JS, Jackler RK. New web-based tool for generating scat-
tergrams to report hearing results. Otolaryngol Head Neck Surg.
2016;154(6):981.

Fraysse B, Fraysse M, Bounaix M. Acoustic neuroma with normal
ABR. In: Tos M, Thomsen J (eds) Proceeding of the first inter-
national conference on acoustic neuroma. Amsterdam: Kugler;
1992. p. 91-5.

Ruckenstein MJ, Cueva RA, Morrison DH, Press G. A prospective
study of ABR and MRI in the screening for vestibular schwanno-
mas. Am J Otol. 1996;17(2):317-20.

Wilson DF, Hodgson RS, Gustafson MF, Hogue S, Mills L. The
sensitivity of auditory brainstem response testing in small acoustic
neuromas. Laryngoscope. 1992;102(9):961-4.

Weiss MH, Kisiel DL, Bhatia P. Predictive value of brainstem
evoked response in the diagnosis of acoustic neuroma. Otolaryngol
Head Neck Surg. 1990;103(4):583-5.

Walsted A, Kisiel K, Salomon G. Auditory brainstem response in
the diagnosis of acoustic neuroma. In: Tos M, Thomsen J (eds)
Proceeding of the first international conference on acoustic neu-
roma. Amsterdam: Kugler; 1992. p. 77-81.

Olsson J, Barrs D, Krueger W, Gibbons D. Use of receiver operat-
ing curves in the design of diagnostic strategies for retrocochlear
lesions. In: Tos M, Thomsen J (eds) Proceeding of the first interna-
tional conference on acoustic neuroma. Amsterdam: Kluger; 1992.
Brackmann DE, Owens RM, Friedman RA, Hitselberger WE,
De la Cruz A, House JW, et al. Prognostic factors for hear-
ing preservation in vestibular schwannoma surgery. Am J Otol.
2000;21(3):417-24.

Ferber-Viart C, Laoust L, Boulud B, Duclaux R, Dubreuil
C. Acuteness of preoperative factors to predict hearing preservation
in acoustic neuroma surgery. Laryngoscope. 2000;110(1):145-50.
Matthies C, Samii M. Management of vestibular schwannomas
(acoustic neuromas): the value of neurophysiology for intraopera-
tive monitoring of auditory function in 200 cases. Neurosurgery.
1997;40(3):459-66; discussion 466-8.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Matthies C, Samii M. Management of vestibular schwannomas
(acoustic neuromas): the value of neurophysiology for evaluation
and prediction of auditory function in 420 cases. Neurosurgery.
1997;40(5):919-29; discussion 929-30.

Aihara N, Murakami S, Takemura K, Yamada K. Interaural dif-
ference of wave V predicting postoperative hearing in Gardner-
Robertson class II acoustic neuroma patients. J Neurol Surg B
Skull Base. 2013;74(5):274-8.

Babbage MJ, Feldman MB, O’Beirne GA, Macfarlane MR, Bird
PA. Patterns of hearing loss following retrosigmoid excision of
unilateral vestibular schwannoma. J Neurol Surg B Skull Base.
2013;74(3):166-75.

Filipo R, Delfini R, Fabiani M, Cordier A, Barbara M. Role
of transient-evoked otoacoustic emissions for hearing preser-
vation in acoustic neuroma surgery. Am J Otol. 1997;18(6):
746-9.

Telischi F. An objective method of analyzing cochlear ver-
sus noncochlear patterns of distortion-product otoacoustic
emissions in patients with acoustic neuromas. Laryngoscope.
2000;110(4):553-62.

Prasher DK, Tun T, Brookes GB, Luxon LM. Mechanisms of
hearing loss in acoustic neuroma: an otoacoustic emission study.
Acta Otolaryngol (Stockh). 1995;115(3):375-81.

Kim AH, Edwards BM, Telian SA, Kileny PR, Arts HA. Transient
evoked otoacoustic emissions pattern as a prognostic indicator for
hearing preservation in acoustic neuroma surgery. Otol Neurotol.
2006;27(3):372-9.

Linthicum F. Electronystagmography findings in patients with
acoustic tumors. Semin Hear. 1983;4:47-53.

Borgmann H, Lenarz T, Lenarz M. Preoperative prediction
of vestibular schwannoma’s nerve of origin with posturogra-
phy and electronystagmography. Acta Otolaryngol (Stockh).
2011;131(5):498-503.

Shelton C, Brackmann DE, House WF, Hitselberger WE. Acoustic
tumor surgery. Prognostic factors in hearing conversation. Arch
Otolaryngol Head Neck Surg. 1989;115(10):1213-6.

Slattery WH, Brackmann DE, Hitselberger W. Middle fossa
approach for hearing preservation with acoustic neuromas. Am J
Otol. 1997;18(5):596-601.

Dornhoffer JL, Helms J, Hoehmann DH. Hearing preserva-
tion in acoustic tumor surgery: results and prognostic factors.
Laryngoscope. 1995;105(2):184-7.

Saliba I, Martineau G, Chagnon M. Asymmetric hearing loss:
rule 3,000 for screening vestibular schwannoma. Otol Neurotol.
2009;30(4):515-21.

Saliba I, Bergeron M, Martineau G, Chagnon M. Rule 3,000: a
more reliable precursor to perceive vestibular schwannoma on
MRI in screened asymmetric sensorineural hearing loss. Eur Arch
Oto-Rhino-Laryngol. 2011;268(2):207-12.

Sweeney AD, Carlson ML, Shepard NT, McCracken DJ, Vivas
EX, Neff BA, et al. Congress of Neurological Surgeons sys-
tematic review and evidence-based guidelines on otologic and
audiologic screening for patients with vestibular schwannomas.
Neurosurgery. 2018;82(2):E29-31.

Dunn IF, Bi WL, Mukundan S, Delman BN, Parish J, Atkins T,
et al. Congress of Neurological Surgeons systematic review and
evidence-based guidelines on the role of imaging in the diagno-
sis and management of patients with vestibular schwannomas.
Neurosurgery. 2018;82(2):E32—4.

Domb GH, Chole RA. Anatomical studies of the posterior petrous
apex with regard to hearing preservation in acoustic neuroma
removal. Laryngoscope. 1980;90(11 Pt 1):1769-76.

Kartush JM, Telian SA, Graham MD, Kemink JL. Anatomic basis
for labyrinthine preservation during posterior fossa acoustic tumor
surgery. Laryngoscope. 1986;96(9 Pt 1):1024-8.



Acoustic Neuroma Surgery: Retrosigmoid Techniques

185

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

7

72.

73.

74.

75.

Laine T, Johnsson LG, Palva T. Surgical anatomy of the inter-
nal auditory canal. A temporal bone dissection study. Acta
Otolaryngol (Stockh). 1990;110(1-2):78-84.

Pillai P, Sammet S, Ammirati M. Image-guided, endoscopic-
assisted drilling and exposure of the whole length of the internal
auditory canal and its fundus with preservation of the integrity
of the labyrinth using a retrosigmoid approach: a laboratory
investigation. Neurosurgery. 2009;65(6 Suppl):53-9; discus-
sion 59.

Gerganov V, Nouri M, Stieglitz L, Giordano M, Samii M, Samii
A. Radiological factors related to pre-operative hearing lev-
els in patients with vestibular schwannomas. J Clin Neurosci.
2009;16(8):1009-12.

Mohr G, Sade B, Dufour J-J, Rappaport JM. Preservation of hear-
ing in patients undergoing microsurgery for vestibular schwan-
noma: degree of meatal filling. J Neurosurg. 2005;102(1):1-5.
Driscoll CL, Jackler RK, Pitts LH, Banthia V. Is the entire fun-
dus of the internal auditory canal visible during the middle
fossa approach for acoustic neuroma? Am J Otol. 2000;21(3):
382-8.

Wong RH, Copeland WR, Jacob JT, Sivakanthan S, Van Gompel
JJ, van Loveren H, et al. Anterior extension of tumor is as impor-
tant as tumor size to facial nerve outcome and extent of resec-
tion for vestibular schwannomas. J Neurol Surg B Skull Base.
2017;78(6):473-80.

Rhoton AL. The cerebellopontine angle and posterior fossa cranial
nerves by the retrosigmoid approach. Neurosurgery. 2000;47(3
Suppl):S93-129.

Gerganov VM, Giordano M, Samii M, Samii A. Diffusion ten-
sor imaging-based fiber tracking for prediction of the position
of the facial nerve in relation to large vestibular schwannomas. J
Neurosurg. 2011;115(6):1087-93.

Taoka T, Hirabayashi H, Nakagawa H, Sakamoto M, Myochin
K, Hirohashi S, et al. Displacement of the facial nerve course
by vestibular schwannoma: preoperative visualization using
diffusion tensor tractography. J Magn Reson Imaging JMRI.
2006;24(5):1005-10.

Ansari SF, Terry C, Cohen-Gadol AA. Surgery for vestibular
schwannomas: a systematic review of complications by approach.
Neurosurg Focus. 2012;33(3):E14.

Irving RM, Jackler RK, Pitts LH. Hearing preservation in
patients undergoing vestibular schwannoma surgery: compari-
son of middle fossa and retrosigmoid approaches. J Neurosurg.
1998:88(5):840-5.

Satar B, Jackler RK, Oghalai J, Pitts LH, Yates PD. Risk-benefit
analysis of using the middle fossa approach for acoustic neuromas
with >10 mm cerebellopontine angle component. Laryngoscope.
2002;112(8 Pt 1):1500-6.

Yates PD, Jackler RK, Satar B, Pitts LH, Oghalai JS. Is it worth-
while to attempt hearing preservation in larger acoustic neuromas?
Otol Neurotol. 2003;24(3):460-4.

. Levo H, Pyykko I, Blomstedt G. Postoperative headache after

surgery for vestibular schwannoma. Ann Otol Rhinol Laryngol.
2000;109(9):853-8.

Soumekh B, Levine SC, Haines SJ, Wulf JA. Retrospective study
of postcraniotomy headaches in suboccipital approach: diagnosis
and management. Am J Otol. 1996;17(4):617-9.

Schessel DA, Rowed DW, Nedzelski JM, Feghali JG. Postoperative
pain following excision of acoustic neuroma by the suboccipital
approach: observations on possible cause and potential ameliora-
tion. Am J Otol. 1993;14(5):491-4.

Harner SG, Beatty CW, Ebersold MJ. Headache after acoustic
neuroma excision. Am J Otol. 1993;14(6):552-5.

Harner SG, Beatty CW, Ebersold MJ. Impact of cranioplasty
on headache after acoustic neuroma removal. Neurosurgery.
1995;36(6):1097-9; discussion 1099-100.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Sughrue ME, Kaur R, Rutkowski MJ, Kane AJ, Kaur G, Yang I,
et al. Extent of resection and the long-term durability of vestibular
schwannoma surgery. J Neurosurg. 2011;114(5):1218-23.
Roberson JB, Brackmann DE, Hitselberger WE. Acoustic neu-
roma recurrence after suboccipital resection: management with
translabyrinthine resection. Am J Otol. 1996;17(2):307-11.
Kumon Y, Kohno S, Ohue S, Watanabe H, Inoue A, Iwata
S, et al. Usefulness of endoscope-assisted microsurgery for
removal of vestibular schwannomas. J Neurol Surg B Skull Base.
2012;73(1):42-7.

McKennan KX. Endoscopy of the internal auditory canal dur-
ing hearing conservation acoustic tumor surgery. Am J Otol.
1993;14(3):259-62.

Rhoton AL. Microsurgical anatomy of the brainstem surface fac-
ing an acoustic neuroma. Surg Neurol. 1986;25(4):326-39.
Sampath P, Rini D, Long DM. Microanatomical variations in the
cerebellopontine angle associated with vestibular schwannomas
(acoustic neuromas): a retrospective study of 1006 consecutive
cases. J Neurosurg. 2000;92(1):70-8.

Sampath P, Holliday MJ, Brem H, Niparko JK, Long DM. Facial
nerve injury in acoustic neuroma (vestibular schwannoma) sur-
gery: etiology and prevention. J Neurosurg. 1997;87(1):60-6.
Ojemann RG. Management of acoustic neuromas (vestibular
schwannomas) (honored guest presentation). Clin Neurosurg.
1993;40:498-535.

Samii M, Gerganov V, Samii A. Improved preservation of hearing
and facial nerve function in vestibular schwannoma surgery via
the retrosigmoid approach in a series of 200 patients. ] Neurosurg.
2006;105(4):527-35.

Martin RG, GrantJL, Peace D, Theiss C, Rhoton AL. Microsurgical
relationships of the anterior inferior cerebellar artery and
the facial-vestibulocochlear nerve complex. Neurosurgery.
1980;6(5):483-507.

Silverstein H, Willcox TO, Rosenberg SI, Seidman MD. Prediction
of facial nerve function following acoustic neuroma resection
using intraoperative facial nerve stimulation. Laryngoscope.
1994;104(5 Pt 1):539-44.

Kuo TC, Jackler RK, Wong K, Blevins NH, Pitts LH. Are acous-
tic neuromas encapsulated tumors? Otolaryngol Head Neck Surg.
1997;117(6):606-9.

Sughrue ME, Yang I, Rutkowski MIJ, Aranda D, Parsa
AT. Preservation of facial nerve function after resection of ves-
tibular schwannoma. Br J Neurosurg. 2010;24(6):666-71.
Delgado TE, Bucheit WA, Rosenholtz HR, Chrissian
S. Intraoperative monitoring of facila muscle evoked responses
obtained by intracranial stimulation of the facila nerve: a more
accurate technique for facila nerve dissection. Neurosurgery.
1979;4(5):418-21.

National Institutes of Health Consensus Development Conference
Statement on acoustic neuroma, December 11-13, 1991. The
Consensus Development Panel. Arch Neurol. 1994;51(2):201-7.
Vivas EX, Carlson ML, Neff BA, Shepard NT, McCracken DJ,
Sweeney AD, et al. Congress of Neurological Surgeons sys-
tematic review and evidence-based guidelines on intraoperative
cranial nerve monitoring in vestibular schwannoma surgery.
Neurosurgery. 2018;82(2):E44-6.

Yingling C, Ashram Y. Intraoperative monitoring of cranial
nerves in skull base surgery. In: Jackler RK, Brackmann DE, edi-
tors. Neurotology. 2nd ed. Philadelphia: Elsevier Mosby; 2005.
p- 958-93.

Legatt AD. Mechanisms of intraoperative brainstem audi-
tory evoked potential changes. J Clin Neurophysiol.
2002;19(5):396-408.

Harper CM, Harner SG, Slavit DH, Litchy WJ, Daube JR, Beatty
CW, et al. Effect of BAEP monitoring on hearing preservation dur-
ing acoustic neuroma resection. Neurology. 1992;42(8):1551-3.



186

J. M. Moore et al.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

Neu M, Strauss C, Romstock J, Bischoff B, Fahlbusch R. The
prognostic value of intraoperative BAEP patterns in acoustic neu-
rinoma surgery. Clin Neurophysiol. 1999;110(11):1935-41.
Matthies C, Samii M. Direct brainstem recording of auditory
evoked potentials during vestibular schwannoma resection:
nuclear BAEP recording. Technical note and preliminary results. J
Neurosurg. 1997;86(6):1057-62.

Jackson LE, Roberson JB. Acoustic neuroma surgery: use of
cochlear nerve action potential monitoring for hearing preserva-
tion. Am J Otol. 2000;21(2):249-59.

Mgller AR, Jannetta PJ, Sekhar LN. Contributions from the audi-
tory nerve to the brain-stem auditory evoked potentials (BAEPs):
results of intracranial recording in man. Electroencephalogr Clin
Neurophysiol. 1988;71(3):198-211.

Mgller AR. Monitoring auditory function during operations to
remove acoustic tumors. Am J Otol. 1996;17(3):452-60.

Cueva RA, Morris GF, Prioleau GR. Direct cochlear nerve moni-
toring: first report on a new atraumatic, self-retaining electrode.
Am J Otol. 1998;19(2):202-7.

Zappia JJ, Wiet RJ, O’Connor CA, Martone L. Intraoperative
auditory monitoring in acoustic neuroma surgery. Otolaryngol
Head Neck Surg. 1996;115(1):98-106.

Piccirillo E, Hiraumi H, Hamada M, Russo A, De Stefano A,
Sanna M. Intraoperative cochlear nerve monitoring in vestibular
schwannoma surgery—does it really affect hearing outcome?
Audiol Neurootol. 2008;13(1):58-64.

Roberson J, Senne A, Brackmann D, Hitselberger WE, Saunders
J. Direct cochlear nerve action potentials as an aid to hearing pres-
ervation in middle fossa acoustic neuroma resection. Am J Otol.
1996;17(4):653-7.

Silverstein H, McDaniel A, Wazen J, Norrell H. Retrolabyrinthine
vestibular neurectomy with simultaneous monitoring of eighth
nerve and brain stem auditory evoked potentials. Otolaryngol
Head Neck Surg. 1985;93(6):736—42.

Battista RA, Wiet RJ, Paauwe L. Evaluation of three intraopera-
tive auditory monitoring techniques in acoustic neuroma surgery.
Am J Otol. 2000;21(2):244-8.

Danner C, Mastrodimos B, Cueva RA. A comparison of direct
eighth nerve monitoring and auditory brainstem response in
hearing preservation surgery for vestibular schwannoma. Otol
Neurotol. 2004;25(5):826-32.

Colletti V, Fiorino FG. Advances in monitoring of seventh and
eighth cranial nerve function during posterior fossa surgery. Am J
Otol. 1998;19(4):503-12.

Lenarz T, Ernst A. Intraoperative facial nerve monitoring in the
surgery of cerebellopontine angle tumors: improved preserva-
tion of nerve function. ORL J Oto-Rhino-Laryngol Relat Spec.
1994;56(1):31-5.

Silverstein H, Rosenberg SI, Flanzer J, Seidman MD. Intraoperative
facial nerve monitoring in acoustic neuroma surgery. Am J Otol.
1993;14(6):524-32.

Arriaga MA, Luxford WM, Berliner KI. Facial nerve function fol-
lowing middle fossa and translabyrinthine acoustic tumor surgery:
a comparison. Am J Otol. 1994;15(5):620-4.

Arts HA, Telian SA, El-Kashlan H, Thompson BG. Hearing pres-
ervation and facial nerve outcomes in vestibular schwannoma
surgery: results using the middle cranial fossa approach. Otol
Neurotol. 2006;27(2):234-41.

Glasscock ME, Hays JW, Minor LB, Haynes DS, Carrasco
VN. Preservation of hearing in surgery for acoustic neuromas. J
Neurosurg. 1993;78(6):864-70.

Brookes GB, Woo J. Hearing preservation in acoustic neuroma
surgery. Clin Otolaryngol Allied Sci. 1994;19(3):204—14.

Rohit, Piccirillo E, Jain Y, Augurio A, Sanna M. Preoperative pre-
dictive factors for hearing preservation in vestibular schwannoma
surgery. Ann Otol Rhinol Laryngol. 2006;115(1):41-6.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

Grayeli AB, Kalamarides M, Ferrary E, Bouccara D, El Gharem
H, Rey A, et al. Conservative management versus surgery for
small vestibular schwannomas. Acta Otolaryngol (Stockh).
2005;125(10):1063-8.

Quist TS, Givens DJ, Gurgel RK, Chamoun R, Shelton C. Hearing
preservation after middle fossa vestibular schwannoma
removal: are the results durable? Otolaryngol Head Neck Surg.
2015;152(4):706—11.

Sughrue ME, Yang I, Aranda D, Kane AJ, Parsa AT. Hearing pres-
ervation rates after microsurgical resection of vestibular schwan-
noma. J Clin Neurosci. 2010;17(9):1126-9.

Yamakami I, Ito S, Higuchi Y. Retrosigmoid removal of small
acoustic neuroma: curative tumor removal with preservation of
function. J Neurosurg. 2014;121(3):554-63.

Mazzoni A, Zanoletti E, Calabrese V. Hearing preservation surgery
in acoustic neuroma: long-term results. Acta Otorhinolaryngol
Ital. 2012;32(2):98-102.

Di Maio S, Malebranche AD, Westerberg B, Akagami R. Hearing
preservation after microsurgical resection of large vestibular
schwannomas. Neurosurgery. 2011;68(3):632—40; discussion 640.
Hilton CW, Haines SJ, Agrawal A, Levine SC. Late failure rate of
hearing preservation after middle fossa approach for resection of
vestibular schwannoma. Otol Neurotol. 2011;32(1):132-5.

Maw AR, Coakham HB, Ayoub O, Butler SR. Hearing preserva-
tion and facial nerve function in vestibular schwannoma surgery.
Clin Otolaryngol Allied Sci. 2003;28(3):252-6.

Chee GH, Nedzelski JM, Rowed D. Acoustic neuroma surgery:
the results of long-term hearing preservation. Otol Neurotol.
2003;24(4):672-6.

Lee SH, Willcox TO, Buchheit WA. Current results of the surgical
management of acoustic neuroma. Skull Base. 2002;12(4):189-95.
Kaylie DM, Gilbert E, Horgan MA, Delashaw JB, McMenomey
SO. Acoustic neuroma surgery outcomes. Otol Neurotol.
2001;22(5):686-9.

Gormley WB, Sekhar LN, Wright DC, Kamerer D, Schessel
D. Acoustic neuromas: results of current surgical management.
Neurosurgery. 1997;41(1):50-8; discussion 58—60.

Post KD, Eisenberg MB, Catalano PJ. Hearing preservation in
vestibular schwannoma surgery: what factors influence outcome?
J Neurosurg. 1995;83(2):191-6.

Rowed DW, Nedzelski JM. Hearing preservation in the removal of
intracanalicular acoustic neuromas via the retrosigmoid approach.
J Neurosurg. 1997;86(3):456-61.

Samii M, Matthies C, Tatagiba M. Intracanalicular acoustic neuri-
nomas. Neurosurgery. 1991;29(2):189-98; discussion 198-9.
Nonaka Y, Fukushima T, Watanabe K, Friedman AH, Sampson
JH, Mcelveen JT, et al. Contemporary surgical management of
vestibular schwannomas: analysis of complications and lessons
learned over the past decade. Neurosurgery. 2013;72(2 Suppl
Operative):ons103—-15; discussion ons115.

Sameshima T, Fukushima T, McElveen JT, Friedman AH. Critical
assessment of operative approaches for hearing preservation in
small acoustic neuroma surgery: retrosigmoid vs middle fossa
approach. Neurosurgery. 2010;67(3):640—4; discussion 644-5.
Sanna M, Khrais T, Russo A, Piccirillo E, Augurio A. Hearing
preservation surgery in vestibular schwannoma: the hidden truth.
Ann Otol Rhinol Laryngol. 2004;113(2):156-63.

Samii M, Matthies C. Management of 1000 vestibular schwanno-
mas (acoustic neuromas): hearing function in 1000 tumor resec-
tions. Neurosurgery. 1997;40(2):248-60; discussion 260-2.
Cohen NL, Lewis WS, Ransohoff J. Hearing preservation in cer-
ebellopontine angle tumor surgery: the NYU experience 1974-
1991. Am J Otol. 1993;14(5):423-33.

Betchen SA, Walsh J, Post KD. Long-term hearing preserva-
tion after surgery for vestibular schwannoma. J Neurosurg.
2005;102(1):6-9.



Acoustic Neuroma Surgery: Retrosigmoid Techniques

187

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

Lin VYW, Stewart C, Grebenyuk J, Tsao M, Rowed D, Chen J,
et al. Unilateral acoustic neuromas: long-term hearing results
in patients managed with fractionated stereotactic radiotherapy,
hearing preservation surgery, and expectantly. Laryngoscope.
2005;115(2):292-6.

Goel A, Sekhar LN, Langheinrich W, Kamerer D, Hirsch B. Late
course of preserved hearing and tinnitus after acoustic neurile-
moma surgery. J Neurosurg. 1992;77(5):685-9.

Fischer G, Fischer C, Rémond J. Hearing preservation in acoustic
neurinoma surgery. J Neurosurg. 1992;76(6):910-7.

Jackler RK, Driscoll CLW. Tumors of the ear and temporal bone.
Philadelphia: Lippincott Williams & Wilkins; 2000.

Sanna M, Zini C, Gamoletti R. Hearing preservation: a critical
review of the literature. In: Tos M, Thomsen J (eds) Proceeding of
the first international conference on acoustic neuroma. Amsterdam:
Kluger; 1992. p. 631-8.

Hillman T, Chen DA, Arriaga MA, Quigley M. Facial nerve
function and hearing preservation acoustic tumor surgery:
does the approach matter? Otolaryngol Head Neck Surg.
2010;142(1):115-9.

Kanzaki J, Ogawa K, Inoue Y, Shiobara R. Hearing preservation
surgery in acoustic neuroma patients with normal hearing. Skull
Base Surg. 1997;7(3):109-13.

Rabelo de Freitas M, Russo A, Sequino G, Piccirillo E, Sanna
M. Analysis of hearing preservation and facial nerve function for
patients undergoing vestibular schwannoma surgery: the middle
cranial fossa approach versus the retrosigmoid approach—
personal experience and literature review. Audiol Neurootol.
2012;17(2):71-81.

Yang J, Grayeli AB, Barylyak R, Elgarem H. Functional outcome
of retrosigmoid approach in vestibular schwannoma surgery. Acta
Otolaryngol (Stockh). 2008;128(8):881-6.

Baumann I, Polligkeit J, Blumenstock G, Mauz P-S, Zalaman
IM, Maassen MM. Quality of life after unilateral acoustic neu-
roma surgery via middle cranial fossa approach. Acta Otolaryngol
(Stockh). 2005;125(6):585-91.

Hadjipanayis CG, Carlson ML, Link MJ, Rayan TA, Parish J,
Atkins T, et al. Congress of Neurological Surgeons systematic
review and evidence-based guidelines on surgical resection for the
treatment of patients with vestibular schwannomas. Neurosurgery.
2018:82(2):E40-3.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

Colletti V, Fiorino F. Is the middle fossa approach the treatment of
choice for intracanalicular vestibular schwannoma? Otolaryngol
Head Neck Surg. 2005;132(3):459-66.

Bennett ML, Jackson CG, Kaufmann R, Warren F. Postoperative
imaging of vestibular schwannomas. Otolaryngol Head Neck
Surg. 2008;138(5):667-71.

Tysome JR, Moffat DA. Magnetic resonance imaging after trans-
labyrinthine complete excision of vestibular schwannomas. J
Neurol Surg B Skull Base. 2012;73(2):121-4.

Arlt F, Trantakis C, Seifert V, Bootz F, Strauss G, Meixensberger
J. Recurrence rate, time to progression and facial nerve func-
tion in microsurgery of vestibular schwannoma. Neurol Res.
2011;33(10):1032-7.

Atlas MD, Harvey C, Fagan PA. Hearing preservation in
acoustic neuroma surgery: a continuing study. Laryngoscope.
1992:102(7):779-83.

Sughrue ME, Kaur R, Rutkowski MJ, Kane AJ, Yang I, Pitts
LH, et al. A critical evaluation of vestibular schwannoma sur-
gery for patients younger than 40 years of age. Neurosurgery.
2010;67(6):1646-53; discussion 1653—4.

Carlson ML, Van Abel KM, Driscoll CL, Neff BA, Beatty CW,
Lane JI, et al. Magnetic resonance imaging surveillance fol-
lowing vestibular schwannoma resection. Laryngoscope.
2012;122(2):378-88.

Bloch DC, Oghalai JS, Jackler RK, Osofsky M, Pitts LH. The fate
of the tumor remnant after less-than-complete acoustic neuroma
resection. Otolaryngol Head Neck Surg. 2004;130(1):104-12.
Kemink JL, Langman AW, Niparko JK, Graham MD. Operative
management of acoustic neuromas: the priority of neurologic
function over complete resection. Otolaryngol Head Neck Surg.
1991;104(1):96-9.

Nakatomi H, Jacob JT, Carlson ML, Tanaka S, Tanaka M, Saito
N, et al. Long-term risk of recurrence and regrowth after gross-
total and subtotal resection of sporadic vestibular schwannoma. J
Neurosurg. 2017;19:1-7.

Monfared A, Corrales CE, Theodosopoulos PV, Blevins NH,
Oghalai JS, Selesnick SH, et al. Facial nerve outcome and tumor
control rate as a function of degree of resection in treatment of
large acoustic neuromas: preliminary report of the Acoustic
Neuroma Subtotal Resection Study (ANSRS). Neurosurgery.
2016579(2):194-203.



	13: Acoustic Neuroma Surgery: Retrosigmoid Techniques
	Pathology and Pathophysiology
	Investigation
	Audiometry
	Classification
	Definition of Success
	Auditory Brainstem Responses
	Otoacoustic Emissions
	Vestibular Testing
	Radiology
	MRI Screening: When to Do It?
	Imaging Characteristics

	Complications
	Operative Techniques
	Retrosigmoid Approach
	Patient Position and Monitoring
	Incision
	Soft Tissue Dissection
	Craniotomy
	Dural Opening
	Retraction
	Identification of Nerves at Brainstem
	Removal of CPA Tumor
	Opening the Posterior Wall of the IAC
	Removal of Intracanalicular Tumor
	Closure

	Microsurgical Dissection

	Intraoperative Monitoring
	Hearing Results
	Which Approach?
	Follow-Up and Long-Term Outcomes
	Imaging
	Hearing
	Long-Term Risk of Recurrence


	References




