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1Historical Perspectives

Nicholas C. Bambakidis, Thomas Ostergard, 
and Cliff A. Megerian

The study of the historical development of surgical treatment 
of lesions of the cerebellopontine angle (CPA) provides a 
dynamic view of the evolution of neurosurgery as a distinct 
medical specialty in its own right. The unique challenges 
posed by the dense anatomical structures located in this 
region of the posterior fossa led Harvey Cushing to describe 
it as “the bloody angle” [1]. Improvements in technique and 
advances in technology have diminished the risks associated 
with surgical treatment of lesions in the CPA. Even so, sur-
gery in this area can still be daunting and can challenge the 
surgical skills of even the most experienced surgeon. 
Advances in surgery of the CPA occurred across multiple 
specialties for a variety of pathologies. But the history of 
surgical treatment of the CPA is best described by recounting 
the history of surgical treatment of vestibular schwannomas 
(VSs).

 History of Vestibular Schwannoma Surgery

As Pirsig and colleagues discuss [2], evidence for the pres-
ence of vestibular schwannomas dates as far back as 
2500 BCE, based on changes in the internal auditory meatus 
of temporal bones consistent with the diagnosis of neurofi-

bromatosis type 2 (NF2). In 1771, Sandifort provided the 
first reliable postmortem description of a vestibular schwan-
noma [3]. He described a firm, encapsulated, yet internally 
soft tumor “clinging to the right auditory nerve of such 
toughness that it was supposed surely to be of cartilage … 
insinuating itself into the foramen as an obstruction in the 
inferior of the petrous portion of the temporal bone which 
said nerve enters” (Fig. 1.1). Vestibular schwannomas were 
subsequently described by Leveque-Lasource in 1810 and, 
as reported by Bell, by Whiting in 1830 [4, 5]. The latter also 
described the progression of symptoms, including the 
involvement of multiple cranial nerves in a patient who 
finally died “at length with difficult respiration and want of 
the power of swallowing.” Based on postmortem dissection, 
Whiting described a tumor filling the CPA, indenting the 
pons, and extending into the internal meatus.

In the late nineteenth century, direct surgical approaches 
to the CPA were significantly limited by the resources avail-
able at the time. From a diagnostic perspective, it was only 
during the last 20 years of the nineteenth century that local-
ization became accurate enough to justify the recommenda-
tion of surgery. Despite the introduction of the tuning fork by 
Weber in 1825, it was not until 1938 that Lempert, by intro-
ducing the one-stage fenestration operation, made the dis-
tinction between sensorineural and conductive hearing loss 
clinically worthwhile for otologists. He thereby facilitated 
the accurate diagnosis of unilateral sensorineural hearing 
loss, an important symptom associated with CPA lesions [6]. 
Accurate temporal bone X-rays were unavailable until the 
1920s.

The absence of antibiotic therapy, consistent anesthetic 
technique, and adequate hemostatic agents or cauterization 
increased the difficulty of attempting surgery at the time. 
Some remarkable successes were reported, but these were 
unfortunately tempered by a larger number of failures. In 
1892, Sir Charles Ballance described the resection of a dural- 
based lesion in its entirety by which the “finger had to be 
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Fig. 1.1 Drawing from the first postmortem description of a vestibular schwannoma. (Reproduced from Pirsig W et al. [2]. With permission from 
Karger-Basel)

insinuated between the pons and tumor to get it away” [7]. 
As later pointed out by Cushing, this tumor was likely a 
meningioma. In fact, Cushing credited Thomas Annandale 
from Edinburgh with the first successful resection of a ves-
tibular schwannoma in a young pregnant woman [8, 9]. 
Other than her preexisting deafness, she recovered with no 
neurological deficits. Such results were encouraging but 
proved to be the exception and not the rule at the time.

Curative resection was seldom possible before Dandy. 
The early era of vestibular schwannoma surgery was still 
characterized by what Cushing called “shocking” mortality. 
This was best exemplified at the International Congress of 
Medicine in 1913. Three of the most experienced vestibular 
schwannoma surgeons reported their surgical experience to 
date. The largest series was reported by Krause with a mor-
tality rate of 84% [8, 10]. The lowest mortality of the three 
was Horsley’s series of 15 patients, which still had a mortal-
ity of 67% [6]. Nevertheless, such high rates of operative 
mortality were considered justifiable, given the dismal prog-
nosis associated with vestibular schwannomas at the time. A 
major factor contributing to these high rates of morbidity and 
mortality was the use of relatively blind digital removal of 
the tumor. This inevitably led to a complete facial nerve 
paralysis. A common reason for mortality was the inadver-
tent avulsion of the anterior inferior cerebellar artery. It was 
not until 1949 that Atkinson demonstrated the importance of 
this maneuver as a cause of death [11]. It should also be 
remembered that these operations were being performed 
without modern anesthetic techniques, light amplification, or 
cerebrospinal diversion. Due to poor diagnostic modalities, 
the patients also presented very late with large tumors, which 
carry significantly greater morbidity.

Harvey Cushing introduced a new era in CPA surgery in 
1917 when he published Tumors of the Nervus Acusticus and 
the Syndrome of the Cerebellopontine Angle. By accepting 

the technological limitations of that time, he was able to 
reduce the operative mortality from 80% to 20% (Fig. 1.2) 
[8]. Cushing embraced the idea of subtotal resection and 
focused on internal debulking of the tumor. He performed a 
large craniectomy that allowed access to the CPA as well as 
early access to drainage of cerebrospinal fluid (CSF) in the 
cerebellomedullary cistern. This report marks an important 
evolution in philosophy. Early surgeons emphasized speed to 
minimize mortality. Cushing performed a slower, more 
meticulous surgical approach that emphasized hemostasis. 
Cushing also accurately associated the development of tin-
nitus followed by unilateral deafness with these tumors. 
While these results were impressive, long-term follow-up 
proved disappointing, with a high rate of tumor recurrence 
and a 5-year mortality of 54%.

As described in 1917 [8], Cushing’s own surgical 
approach entailed a large bilateral suboccipital craniectomy 
made through a crossbow incision. The advantages of the 
bilateral procedure were to allow access to both CPAs in case 
localization was incorrect, to allow drainage of CSF from the 
cisterna magna, and to provide the possibility of C1 laminec-
tomy, if needed (to prevent medullary compression).

In sharp contrast to Cushing’s methods were those of his 
erstwhile pupil and rival, Walter Dandy. Similar to many 
other areas of disagreement, Dandy preferred a more aggres-
sive approach with complete tumor removal with upfront 
morbidity in exchange for long-term survival. He described 
his unilateral approach for vestibular schwannomas in 1934 
[12], on which the contemporary suboccipital or retrosig-
moid approach is based (Fig.  1.3). His technique was an 
important progression of Cushing’s. Following internal deb-
ulking, he took the additional step of then removing the 
tumor capsule.

In the time since Cushing’s original description in 1917, 
Stenvers and then Towne had described the diagnosis of ves-

N. C. Bambakidis et al.
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Fig. 1.2 The photograph of Harvey Cushing, fountain pen in one hand, 
unlit cigarette in the other, was signed “For Wilder Penfield with the 
warm regards of Harvey Cushing” and received by Penfield in December 

1924. (Reproduced with permission from the Wilder Penfield Archive, 
Osler Library, McGill University)
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a b

c

Fig. 1.3 The method of attacking the tumor after the reduction of the 
intracranial pressure: (a) exposure of the tumor, (b) splitting the capsule 
of the tumor preparatory to intracapsular enucleation, and (c) the grad-

ual withdrawal of the capsule from its bed. (Reproduced from Dandy 
WE [12]. Original art in the Max Brödel Archives, Department of Art as 
Applied to Medicine, The John Hopkins University School of Medicine)

tibular schwannomas by visualizing enlargement of the 
internal auditory canal on temporal bone radiographs [13, 
14]. Improvements were also made in hemostatic adjuncts 
and the development of blood transfusions. By 1941, Dandy 
reported a series of 46 patients with complete resection and 
an impressive mortality of just 10%. Interestingly, it appears 
that Cushing did perform some complete resections of ves-
tibular schwannomas, but, presumably due to his increasing 
rivalry with Dandy, did not publish his results.

These improvements in surgical mortality were impres-
sive, but it should be noted that intact facial nerve function or 

hearing preservation were extremely rare in this era. One of 
Dandy’s many famous quotes stated that facial nerve paraly-
sis was “a necessary sequel of the operation.” The first report 
of complete tumor removal with intact facial nerve function 
occurred in 1931, by Sir Hugh Cairns. Elliot and McKissick 
were the first to report hearing preservation after complete 
resection of a vestibular schwannoma in 1954. Reports of 
functional preservation increased as experience and knowl-
edge of the CPA increased. However, the development of 
microsurgery was necessary before functional preservation 
would become the rule rather than the exception.

N. C. Bambakidis et al.
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 Otology and the Operating Microscope

The translabyrinthine approach was first conceived by 
Rudolf Panse in a manuscript regarding the pathology of 
vestibular schwannomas. Impressively, this potential 
approach was described in 1904, just 1 year after Krause 
described the suboccipital approach. He described the pos-
sibility of using a chisel to perform a transcochlear approach 
(using modern terminology), which included facial nerve 
mobilization. There are a few reports of attempted trans-
labyrinthine approaches in the early twentieth century. Not 
surprisingly, given the technology of the time, they included 
facial nerve sacrifice and almost always reported fatal 
results.

Without the operating microscope, it was difficult to get 
proper magnification and illumination into the depths of the 
surgical field. There were also no motorized drills; the 
 labyrinthectomy was performed with a hammer and chisel. 
Given the complex three-dimensional anatomy of the tempo-
ral bone and associated neurovascular structures, the diffi-
culty and risk of this approach was significantly increased. 
Because facial nerve preservation was not considered possi-
ble at the time, the goal of the operation was to decompress 
the brainstem, which was then technically difficult. Finally, 
the approach increased the risk of patients developing CSF 
fistulas and meningitis. In the era before permanent CSF 
diversion and antibiotics, these complications were often 
fatal.

In contrast to the modern, team-based approach to skull- 
base surgery, some neurosurgeons provided significant 
opposition to otolaryngologists performing cranial surgery. 
Cushing went as far as to publish some of his more inflam-
matory comments in Laryngoscope. The translabyrinthine 
approach would have to wait nearly half a century for 
William House.

House popularized the use of the microscope for the 
treatment of vestibular schwannomas, describing his expe-
rience practicing on cadavers in the Los Angeles County 
morgue [15]. The introduction of the operating microscope 
in the 1950s revolutionized the field of neurosurgery and 
allowed tremendous advances in the surgical treatment of 
lesions of the CPA. Interestingly, his use of a suction-irri-
gator and high-speed drill was inspired by his experience 
as a dentist.

Due to multiple poor outcomes that he witnessed dur-
ing suboccipital approaches, he began working on alterna-
tive approaches. He developed the subtemporal approach 
to the internal auditory canal for vestibular neurectomy 

and later adapted it to tumor removal. He also resurrected 
the translabyrinthine approach and perfected it. He has 
been quoted as saying that he did not know of the original 
descriptions of the procedure until he started writing the 
manuscript.

There had previously been rare reports of facial nerve 
preservation, but routinely preserving it was not consid-
ered possible. This was an era without facial nerve moni-
toring, using primitive versions of the surgical adjuncts 
that modern surgeons take for granted. While the trans-
labyrinthine and subtemporal approaches had been 
described in the past, they had never been used safely and 
routinely. In 1963, he reported his use of the middle fossa 
approach for VS with a mortality of 5% and facial nerve 
preservation of 95%. In 1964 [16], they published results 
of the first 53 cases (Table 1.1) with 88% facial nerve pres-
ervation. These were some of the first results in what can 
be called the modern, function-preserving era of vestibular 
schwannoma surgery.

 Modern Surgery in the Cerebellopontine 
Angle

Continued improvements in technique and technology led 
to the modern era of surgical approaches to the CPA.  In 
1973, Hounsfield developed computed tomography (CT), 
allowing for detection of much smaller tumors. Also in 
1973, Emile- Rioux developed bipolar electrocautery, spe-
cifically designed to create hemostasis without current 
spreading to and injuring adjacent tissues. Delgado intro-
duced facial nerve monitoring in 1979, significantly 
improving the safety of all surgical approaches to vestibu-
lar schwannomas.

Along the same timeline, surgeons from both otology and 
neurosurgery advanced the field of vestibular schwannoma 
surgery. In 1965, Rand and Kurze reported their results with 

Table 1.1 Representative mortality rates from historical series of ves-
tibular schwannoma surgerya

Surgeon Year
No. of 
cases

Operative 
mortality (%)

Facial nerve 
preservation (%)

Krause 1912 30 87 Unknown
Cushing 1917 29 20 Unknown
Olivecrona 1967 Unknown 22 21
House 1968 200 7 88
Yasargil 1976 164 2.4 81.6

aBefore the advent of microneurosurgery, the facial nerve could not be 
preserved

1 Historical Perspectives
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the suboccipital transmeatal approach, with anatomic preser-
vation of the facial nerve [17]. In the same year, Rand and 
Kurze introduced variations that popularized removal of the 
posterior aspect of the meatal wall with a high-speed drill. 
This maneuver provides ideal exposure of an intracanalicular 
tumor at its origin on the vestibular nerve. Retraction of the 
tumor after section of the vestibular nerve allows early visu-
alization of the facial and cochlear nerves. As evidenced by 
the early microsurgical results of Yasargil and Koos [18, 19], 
this strategy maximizes the chances of preserving these 
nerves [20, 21].

Surgeons started the twentieth century by celebrating 
mere survival as a success. Due to the sacrifice of numerous 
determined physicians (and, unfortunately, many of their 
patients), they closed the twentieth century with results that 
would have astounded the field’s pioneers. Technique began 
as digital delivery of a tumor with avulsion of the facial nerve 
and, frequently, a fatal hemorrhage from avulsion of the 
anterior inferior cerebellar artery. By the 1970s, surgeons 
were operating in a manner that is best described by Dr. 
Rhoton as “accurate, gentle, and safe.”

In the modern era of surgery for vestibular schwannomas, 
mortality has decreased to roughly 0.5% [22, 23]. The inci-
dence of permanent facial nerve dysfunction is roughly 15%. 
This number still is significantly influenced by tumor size. 
Smaller tumors are often treated with radiosurgery or 
 monitored, and large tumors often require surgical resection. 
In tumors measuring less than 1 cm, the rate of facial nerve 
dysfunction is nearly zero in modern surgical series. 
Additionally, in contrast to prior eras, most of these are 
incomplete injuries that carry much less morbidity. The rate 
of CSF leak is still significant, affecting almost 10% of 
patients. However, with modern antibiotics and CSF diver-
sion techniques, this complication does not result in the high 
morbidity of years past. Surgical treatment is frequently 
curative, with only 1.5% of patients requiring additional 
treatment.

At the majority of high-volume centers, the treatment 
team consists of otologists and neurosurgeons working in 
conjunction to maximize safety and efficacy. In the modern 
era, vestibular schwannomas are frequently treated at a 
smaller size, yet the technical difficulty of these surgical pro-

cedures remains high. The care of patients with vestibular 
schwannomas requires significant experience, technical abil-
ity, and judgment. While modern results are far from perfect, 
our patients continue to benefit from improvements in the 
treatment of these difficult tumors.

 Neurovascular Decompression

In a discussion of the historical development of treatment 
modalities for the CPA, treatment of trigeminal neuralgia 
deserves special consideration. As described by Spiller and 
Frazier [24], for many years this painful affliction was 
treated through an extradural approach that involved divi-
sion of the sensory root of the gasserian ganglion [25]. 
Although relatively safe, such approaches were associated 
with high rates of corneal anesthetic complications and 
motor weakness. In 1929, Dandy proposed an alternative 
route of attack through the CPA [26]. In this unilateral cer-
ebellar approach, the sensory root of the trigeminal nerve is 
divided at the pons (Fig.  1.4). As noted by Gardner [27], 
Dandy later presented his series of 215 cases explored via 
the suboccipital approach. In 60% of his cases, compression 
from abnormalities distorted the nerve to some degree. The 
abnormalities encompassed a variety of pathologies that 
included tumors, aneurysms, angiomas, and direct arterial 
or venous compression.

Dandy’s landmark findings were later expanded by 
Gardner, who first proposed that the painful syndrome of tri-
geminal neuralgia was a direct result of focal demyelination 
caused by abnormal compression [27, 28]. From 1955 to 
1961, he used Dandy’s approach to treat 18 patients with 
recurrent trigeminal neuralgia after neurolysis; he discov-
ered abnormal compressive lesions in 66% of these cases 
[29, 30]. His method of treatment consisted of freeing the 
nerve from the source of compression and sectioning the 
sensory root if decompression proved impossible. Jannetta 
further developed and popularized this operation, a variant of 
which has been used successfully to treat patients with hemi-
facial spasm [31–34]. Use of microvascular decompression 
with or without rhizotomy has since expanded to treat tinni-
tus [35–38].

N. C. Bambakidis et al.
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Fig. 1.4 The relative exposure used in the removal of cerebellopontine 
tumors by the unilateral approach: (1) the method of releasing the 
supratentorial pressure by puncture of the posterior horn of the lateral 
ventricle, (2) further release of pressure in the posterior cranial fossa by 
evacuation of the cisterna magna in the spinal canal, and (3) final stage 

by the resection of the outer cap of the cerebellum. (Reproduced from 
Dandy WE [12]. Original art in the Max Brödel Archives, Department 
of Art as Applied to Medicine, The John Hopkins University School of 
Medicine)
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 Radiosurgery

No historical perspective on the surgical treatment of the 
CPA would be complete without a brief review of the role of 
radiosurgery. The development of radiosurgical techniques 
for the treatment of lesions in the CPA dates to 1971. In that 
year, as Kondziolka and colleagues noted [39], Lars Leksell 
applied radiosurgery to the treatment of a vestibular schwan-
noma based on the concept of radiosurgical therapy reported 
20 years earlier [40]. Those involved with Leksell’s initial 
development of radiosurgical techniques believe that his pri-
mary motivation was to develop an alternative treatment to 
open surgery for pathology within the CPA and for vestibular 
schwannomas in particular [41, 42]. The first patient to 
undergo Gamma Knife radiosurgery was a young woman 
with NF2. At that time localization of the target was based on 
nonstereotactic pneumoencephalography and stereotactic 
skull X-rays. This patient’s initial treatment resulted in tumor 
control for 12  years. Subsequent computed CT showed 
medial growth of her tumor, which was then resected.

In the 1970s, advances in CT led to increasingly accurate 
localization and dosimetry associated with a concomitant 
improvement in the control of tumor growth and a reduction 
in radiation-induced morbidity. Nonetheless, the rate of 
complications remained high. During the early years of 
Gamma Knife treatment, the rate of new facial weakness 
approached 45% [39, 41, 43]. Subsequent modifications to 
the prescription dose administered and the advent of high- 
resolution magnetic resonance imaging ushered in the con-
temporary era of radiosurgical treatment of CPA lesions. 
Excellent long-term control of tumor growth and low com-
plication rates are now associated with the radiosurgical 
treatment of tumors of the CPA.

 Conclusions

In the past 100 years, surgical options for the treatment of 
lesions of the CPA have undergone revolutionary changes. 
These changes mirror the developments that spurred the 
emergence of neurosurgery as a distinct medical subspe-
cialty. The work of pioneers such as Cushing and Dandy 
was modified and refined as the development of the operat-
ing microscope led to dramatic reductions in surgical rates 
of morbidity and mortality. The complexity of the anatomic 
region of the posterior fossa encompassing the CPA led to 
the cooperative endeavors of neurosurgeons and otologists 
to refine surgical treatment of lesions involving the 
CPA. Innovators such as House and Hitselberger refused to 
be bound by the traditional limitations of their specialties. 
Instead, they collaborated to develop cooperative treatments 
to the great benefit of their patients. Likewise, the continu-

ing evolution of technological advances in alternative treat-
ment modalities, such as radiosurgery, further expands the 
therapeutic options for patients with lesions involving the 
CPA.
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2Microsurgical Anatomy 
of the Cerebellopontine Angle and Its 
Suboccipital Retromastoid Approaches

Guilherme Carvalhal Ribas, Alexandre Yasuda, 
David Peace, and Albert L. Rhoton Jr.

When dealing with cerebellopontine angle (CPA) approaches, 
surgeons initially confront the occipital and temporal bones 
and their related structures. In the CPA itself, identification 
of the cranial nerves at the brainstem and of their vascular 
relationships within the upper, middle, and lower aspects of 
the CPA cisternal space is mandatory. This chapter describes 
the anatomy related to these topics and stresses practical sur-
gical issues. The different suboccipital retromastoid expo-
sures of the CPA required by common surgical conditions 
are then described.

 Relationships Between the Cranial Surface 
and the CPA

The occipital bone surrounds the foramen magnum and is 
divided into a squamosal portion located above and behind 
the foramen magnum, a basal portion situated in front of the 
foramen magnum, and paired condylar portions located lat-
eral to the foramen magnum (Fig. 2.1) [2]. The squamous 
portion is an internally concave plate, and its upper margins 
articulate with the parietal bones at the lambdoid sutures. Its 
lower margins articulate with the mastoid portion of the tem-

poral bones at the occipitomastoid sutures. The convex exter-
nal surface has several prominences on which the muscles of 
the neck attach. The largest prominence, the external occipi-
tal protuberance, or inion, is situated at the central portion of 
the external surface and is located over the inferior margin of 
the confluence of the sagittal and transverse sinuses. Two 
parallel ridges radiate laterally from the protuberance. The 
highest nuchal line is the upper and thinner ridge; the supe-
rior nuchal line is lower and more prominent. The rough and 
irregular area below the nuchal lines serves as the site of 
attachment of numerous muscles. A vertical ridge, the exter-
nal occipital crest, descends from the external occipital pro-
tuberance to the midpoint of the posterior margin of the 
foramen magnum. The inferior nuchal lines run laterally 
from the midpoint of the crest.

The basilar portion of the occipital bone, which is also 
referred to as the clivus, is a thick quadrangular plate of bone 
that extends anteriorly and superiorly, at about a 45° angle 
from the foramen magnum. It joins the sphenoid bone at the 
spheno-occipital synchondrosis just below the dorsum sellae 
[3]. The superior surface of the clivus is concave from side to 
side and is separated on each side from the petrous portion of 
the temporal bone by the petroclival fissure. This fissure has 
the inferior petrosal sinus on its upper surface and ends pos-
teriorly at the jugular foramen. On the inferior surface of the 
basilar part, in front of the foramen magnum, a small eleva-
tion, the pharyngeal tubercle, attaches to the fibrous raphe of 
the pharynx.

The paired lateral or condylar portions are situated at the 
sides of the foramen magnum. The occipital condyles, which 
articulate with the atlas, protrude from the external surface of 
this part. These condyles are located lateral to the anterior 
half of the foramen magnum. They are oval, convex down-
ward, and face downward and laterally. Their long axes are 
directed anteriorly and medially. A tubercle that attaches to 
the alar ligament of the odontoid process is situated on the 
medial side of each condyle. The hypoglossal canal, which 
transmits the hypoglossal nerve, is situated above the con-
dyle, and is directed anteriorly and laterally from the 
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Fig. 2.1 The occipital bone and foramen magnum: (a) external pos-
teroinferior view, (b) external anteroinferior view, and (c) internal supe-
rior view. A. = artery; Cond. = condyle; Digast. = digastric; Ext. = 
external; Fiss. = fissure; For. = foramen; Int. = internal; Jug. = jugular; 
Occip. = occipital; Occipitomast. = occipitomastoid; Petrocliv. = petro-

clival; Pharyng. = pharyngeal; Proc. = process; Protub. = probuterance; 
Sag. = sagittal; Sig. = sigmoid; Sup. = superior; Trans. = transverse. 
(From Rhoton AL Jr. [1]. Reproduced with permission from Lippincott 
Williams & Wilkins)

 posterior cranial fossa. The canal may be partially or com-
pletely divided by a bony septum [4].

The anatomical relationships of the temporal bone are 
also critical to understanding the various challenges involved 
in surgical approaches to the CPA. This topic is covered in 
detail elsewhere in this text.

 Osseous and Muscular Relationships, 
Transverse and Sigmoid Sinuses, 
and External Surgical Landmarks

Careful exposure, particularly of bony sutures and other 
osseous prominences and depressions, enables these sites to 
be used as important landmarks for surgical orientation and 
for more restricted and appropriate CPA approaches.

The superior nuchal lines, which extend laterally and hor-
izontally from the external occipital protuberance, are the 
boundary between the scalp and neck. These lines are often 

sharp [5]. Each line is located at the level of an imaginary 
line formed by the inion and external acoustic meatus [6]. 
Along this imaginary line, the trapezius inserts medially. The 
sternocleidomastoid muscle, which covers the semispinalis 
and splenius capitis muscles, inserts laterally (Fig. 2.2). The 
highest nuchal lines, which are more arched than the supe-
rior nuchal lines, are eventually identified. Medially, the 
galea aponeurotica inserts, and laterally the occipitofrontalis 
muscle inserts. The slightly arched inferior nuchal lines are 
located below the external occipital protuberance. The semi-
spinalis capitis and the superior oblique muscles are inserted 
medially and laterally between the inferior and superior 
nuchal lines. The rectus capitis posterior minor and major 
muscles are inserted medially and laterally, respectively, 
below each inferior nuchal line.

The suboccipital triangle is a region bounded superiorly 
and medially by the rectus capitis posterior major muscle, 
superiorly and laterally by the superior oblique muscle, and 
inferiorly and laterally by the inferior oblique muscle. It is 
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Fig. 2.2 The suboccipital muscles. (a) The right trapezius and sterno-
cleidomastoid muscles have been preserved. The left trapezius and ster-
nocleidomastoid muscles have been reflected with the galea 
aponeurotica to expose the underlying semispinalis capitis, splenius 
capitis, and levator scapulae muscles. (b) The right sternocleidomastoid 
and trapezius muscles have been reflected to expose the splenius capitis 
muscles. The left splenius capitis has been removed to expose the 
underlying semispinalis and longissimus capitis muscles. (c) Both 
semispinalis capitis muscles have been reflected laterally to expose the 
suboccipital triangles bilaterally. (d) The muscles forming the left sub-
occipital triangle have been removed. The vertebral artery ascends 
slightly lateral from the transverse process of C2 to reach the transverse 

process of C1. Behind the superior facet of C1, the artery turns medially 
to reach the upper surface of the posterior arch of C1. The C2 ganglion 
is located between the posterior arch of C1 and the lamina of C2. The 
dorsal ramus of C2 produces a medial branch that forms most of the 
greater occipital nerve. A. = artery; Cap. = capitis; Car. = carotid; Inf. = 
inferior; Int. = internal; Jug. = jugular; Lev. = levator; Longiss. = longis-
simus; M. = muscle; Maj. = major; Min. = minor; Obl. = oblique; 
Occip. = occipital; Post. = posterior; Proc. = process; Rec. = rectus; 
Scap. = scapulae; Semispin. = semispinalis; Spin. = spinalis; Splen. = 
splenius; Sternocleidomast. = sternocleidomastoid; Sup. = superior; 
Trans. = transverse; V. = vein; Vert. = vertebral. (From Rhoton AL Jr. 
[1]. Reproduced with permission from Lippincott Williams & Wilkins)

covered by the semispinalis capitis muscle medially and by 
the splenius capitis muscle laterally. The floor of the triangle 
is formed by the posterior atlantooccipital membrane and the 
posterior arch of the atlas. The structures in the triangle are 
the terminal extradural segment of the vertebral artery and 
the first cervical nerve [2].

The external occipital crest descends from the external 
occipital protuberance, with the nuchal ligament attached. 
The lambdoid, occipitomastoid, and parietomastoid sutures 
[2, 7–13] are united at the asterion and separate the occipital, 
parietal, and temporal bones (Fig. 2.3).

The lambdoid suture begins at lambda, where it meets the 
sagittal suture. Along its oblique course, it separates the 
squamous portion of the occipital bone from the parietal 
bone. It is particularly evident superiorly due to its more 

deep and prominent serrations [13]. Inferior to the asterion, 
the lambdoid suture continues as the occipitomastoid suture, 
which separates the lower portion of the occipital squamous 
from the petromastoid portion of the temporal bone, ending 
at the jugular foramen. The parietomastoid suture separates 
the mastoid temporal portion from the posteroinferior por-
tion [13], or mastoid angle, of the parietal bone. The suture is 
horizontal to the skull base. Occasionally sutural bones are 
present, usually along the lambdoid suture. An isolated bone 
at the lambda is named the Inca bone.

Laterally and parallel to the occipitomastoid suture, along 
and medial to the mastoid process, the deep groove of the 
mastoid notch is where the posterior belly of the digastric 
muscle inserts. Also parallel to and between this notch and 
the occipitomastoid suture, the occipital artery lies in a 
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Fig. 2.3 (a) External cranial surface with the cranial sutures and (b) internal cranial surface with cranial sutures and sinus groove. (From Ribas 
GC et al. [14]. Reproduced with permission from Journal of Neurosurgery)

Fig. 2.4 Variation in the position of the asterion in relation to the trans-
verse sinus. (From Ribas GC et al. [14]. Reproduced with permission 
from Journal of Neurosurgery)

 shallow occipital groove [13]. The sulcus of the transverse 
sinus extends laterally from the protuberance on each cranial 
side; the tentorium cerebelli attaches to its margins [15]. 
Frequently the larger sulcus, usually the right one, is contin-
uous with the sulcus of the superior sagittal sinus. The 
smaller sulcus is usually more related with the straight sinus 
[13, 16].

The transverse sinuses are sites of frequent anatomical 
variations [11, 13, 17–32], but they usually communicate 
along the confluence of the sinuses, which is indicated by a 
depression on one side or the other of the internal occipital 
protuberance [13]. Each transverse sinus is situated posteri-
orly over the squamous portion of the occipital bone and 
anteriorly over the posterior and inferior portions of each 
parietal bone. This sinus ends at the posterolateral extremity 
of the petrous portion of the temporal bone from where it 
extends inferiorly as the sigmoid sinus. Along their courses 
the transverse sinuses can receive occipital, temporal, cere-
bellar, and tentorial veins [15, 16, 33–39].

The transition of the transverse sinus into the sigmoid 
sinus occurs at the point where the former receives the supe-
rior petrosal sinus, at the level of the so-called sinodural 
angle of Citelli [17]. The sigmoid sulcus lies over a deep 
curved groove situated on the inner surface of the mastoid 
portion of the temporal bone, which is anteriorly separated 
from the mastoid air cells by a thin lamina of bone. It ends at 
the jugular fossa, where the sinus enters the jugular foramen 
[40–43].

The relationship between the cranial sutures and venous 
sinuses can be used in surgical planning [14, 44, 45]. The 
asterion corresponds to the meeting point of the lambdoid, 
occipitomastoid, and parietomastoid sutures. This important 
anthropological point [46, 47] is usually located over the 
lower aspect of the transverse sinus at its distal margin 
(Fig. 2.4). The midpoint of the inion–asterion line is particu-
larly related to the bottom of the transverse sinus. This rela-

tionship has led to the observation that the inion–asterion 
line usually corresponds to the inferior aspect of the trans-
verse sinus (Fig. 2.5) [14, 44, 45].

The occipitomastoid suture always crosses the posterior 
margin of the sigmoid sinus at the level of the superior aspect 
of the mastoid notch. This crossing point also coincides with 
the intersection of the occipitomastoid suture and an imagi-
nary line between the inion and mastoid tip (Fig. 2.6). The 
relationships among these external landmarks can be speci-
fied relative to the transverse and sigmoid sinuses. In particu-
lar, (1) the asterion and the midpoint of the inion–asterion 
line are related to the inferior half of the transverse sinus; (2) 
the superior and inferior points of the transverse and sigmoid 
sinus junction, respectively, are situated above and below the 
posterior portion of the parietomastoid suture; (3) the inter-
section of the parietomastoid and squamous sutures is located 
at the level of the posterior aspect of the superior surface of 
the petrous bone; and (4) the occipitomastoid suture and the 
posterior margin of the sigmoid sinus crossing point is situ-
ated at the level of the superior and posterior aspects of the 
mastoid notch. This point also corresponds to the intersec-
tion of the occipitomastoid suture with the inion–mastoid tip 
line (see Fig. 2.6c) [14, 44, 45].

These relationships can be used intraoperatively to plan 
the placement of burr holes during a retromastoid exposure 
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Fig. 2.5 (a) Variation in the 
position of the midpoint of 
the inion–asterion line in 
relation to the transverse 
sinus. (b) Disposition of the 
inion–asterion line in relation 
to the transverse sinus. (From 
Ribas GC et al. [14]. 
Reproduced with permission 
from Journal of 
Neurosurgery; Figure (b) 
modified, also with 
permission from Journal of 
Neurosurgery)

a

c

bFig. 2.6 Variations in the 
position of the crossing point 
between the occipitomastoid 
suture and the crossing point 
at the posterior margin of the 
sigmoid sinus in relation to: 
(a) the asterion and jugular 
foramen, (b) the superior 
aspect of the mastoid notch, 
and (c) the lateral aspect of 
the inion–mastoid tip 
(imaginary line). (From Ribas 
GC et al. [14]. Modified with 
permission from Journal of 
Neurosurgery)
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Fig. 2.7 Intraoperative identification of the asterion, lambdoid, occipi-
tomastoid, and parietomastoid sutures (a). After the initial burr hole is 
placed just anterior to the asterion to expose the transition between the 
transverse and sigmoid sinuses (1), and over the occipitomastoid suture 
just posterior to the mastoid process at the most posterior level of the 

mastoid notch (2) and just posterior to the posterior margin of the sig-
moid sinus (b), a wide suboccipital craniectomy is performed (c). 
(From Ribas GC et al. [14]. Reproduced with permission from Journal 
of Neurosurgery)

(Fig. 2.7). An initial burr hole placed just anterior to the aste-
rion can expose the transition between the transverse and 
sigmoid sinuses. A second burr hole placed over the occipi-
tomastoid suture posterior to the mastoid process at the most 
posterior level of the mastoid notch demarcates the posterior 
margin of the sigmoid sinus.

 Relationships Among CPA Nerves 
and Brainstem

The CPA is located between the superior and inferior limbs 
of the angular cerebellopontine fissure. This fissure is formed 
by the petrosal cerebellar surface folding around the pons 
and the middle cerebellar peduncle. The cerebellopontine 
fissure opens medially and has superior and inferior limbs 
that meet at a lateral apex. The 4th through the 11th cranial 
nerves are located near or within the angular space between 
the two limbs commonly referred to as the CPA (Fig. 2.8). 
The trochlear and trigeminal nerves are located near the fis-
sure’s superior limb, and the glossopharyngeal, vagus, and 
accessory nerves are located near the inferior limb. The 

abducens nerve is located near the base of the fissure, along 
a line connecting the anterior ends of the superior and infe-
rior limbs [49].

A consistent set of neural, arterial, and venous rela-
tionships at the brainstem facilitates the identification of 
these cranial nerves (Fig.  2.9). The landmarks on the 
medial or brainstem side of structures that are helpful in 
guiding the surgeon to the junction of the facial nerve 
with the brainstem are the pontomedullary sulcus; the 
junction of the glossopharyngeal, vagus, and spinal acces-
sory nerves with the medulla; the foramen of Luschka and 
its choroid plexus; and the flocculus. The facial nerve 
arises from the brainstem near the lateral end of the pon-
tomedullary sulcus, 1–2 mm anterior to the point at which 
the vestibulocochlear nerve joins the brainstem at the lat-
eral end of the sulcus. The interval between the vestibulo-
cochlear and facial nerves is greatest at the level of the 
pontomedullary sulcus and decreases as these nerves 
approach the meatus.

The facial nerve enjoys a consistent relationship to the 
junction of the glossopharyngeal, vagus, and spinal acces-
sory nerves with the medulla. The facial nerve arises 2–3 mm 
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Fig. 2.8 Left side of CPA 
and brainstem through a 
retrosigmoid exposure. (a) 
The cerebellum has been 
elevated. The junction of the 
facial nerve (CN VII) with the 
brainstem is located inferior 
and slightly in front of the 
vestibulocochlear nerve (CN 
VIII). (b) The 
vestibulocochlear nerve has 
been elevated to provide 
additional exposure of the 
facial nerve. (c) Choroid 
plexus protrudes from the 
foramen of Luschka into the 
CPA behind the 
glossopharyngeal (CN IX) 
and vagus nerves (CN X). A 
nerve hook has been placed 
inside the rhomboid lip, and a 
pouch of neural tissue 
attached along the anterior 
margin of the lateral recess 
and extending laterally behind 
the glossopharyngeal and 
vagus nerves. (d) Enlarged 
view of the rhomboid lip. 
A.I.C.A. = anterior inferior 
cerebellar artery; Chor. Plex. 
= choroid plexus; 
CN = cranial nerve; CN 
V = trigeminal nerve; CN 
VI = abducens nerve; Flocc. = 
flocculus; Pet. = petrosal; 
Sup. = superior; V. = vein. 
(From Rhoton AL Jr. [48]. 
Reproduced with permission 
from Lippincott Williams & 
Wilkins)

above the most rostral rootlet contributing to these nerves. A 
helpful way of visualizing the point where the facial nerve 
exits from the brainstem, even when displaced by a tumor, is 
to project an imaginary line along the medullary junction of 
the rootlets forming the glossopharyngeal, vagus, and spinal 
accessory nerves upward through the pontomedullary junc-
tion. This line, at a point 2–3 mm above the junction of the 
glossopharyngeal nerve with the medulla, passes through the 
pontomedullary junction at the site where the facial nerve 
exits the brainstem. The filaments of the nervus intermedius 
also are stretched around an acoustic neuroma.

Structures related to the lateral recess of the fourth ven-
tricle with a consistent relationship to the facial and 
 vestibulocochlear nerves are the foramen of Luschka and 
its choroid plexus, and the flocculus (Fig. 2.10) [51, 52]. 

The foramen of Luschka is situated at the lateral margin of 
the pontomedullary sulcus, just behind the junction of the 
glossopharyngeal nerve with the brainstem, and immedi-
ately posteroinferior to the junction of the facial and ves-
tibulocochlear nerves with the brainstem. The foramen of 
Luschka is seldom well visualized. A consistently identifi-
able tuft of choroid plexus, however, hangs out of the fora-
men of Luschka and sits on the posterior surface of the 
glossopharyngeal and vagus nerves just inferior to the junc-
tion of the facial and vestibulocochlear nerves with the 
brainstem. Another structure related to the lateral recess, 
the flocculus, projects from the margin of the lateral recess 
and foramen of Luschka into the CPA, just posterior to 
where the facial and vestibulocochlear nerves join the pon-
tomedullary sulcus.
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Fig. 2.9 Left side of CPA and skull through a retrosigmoid exposure. 
(a) The AICA passes between the facial and vestibulocochlear nerves 
(CN VIII). (b) The vestibulocochlear nerve and flocculus have been 
elevated to expose the junction of the facial nerve (CN VII) with the 
brainstem. In the retrosigmoid approach, the junction of the facial nerve 
with the brainstem can be exposed below the vestibulocochlear nerve. 
(c) The posterior wall of the internal acoustic meatus has been removed. 
(d) The dura lining the internal acoustic meatus has been opened. The 
transverse crest separates the superior vestibular and facial nerves 
above from the inferior vestibular and cochlear nerves below. (e) 
Enlarged view of the nerves within the meatus. The cochlear nerve is 
partially hidden anterior to the inferior vestibular nerve. (f) The cleav-
age plane between the superior and inferior vestibular and cochlear 

nerves has been started laterally and extended medially to expose the 
individual nerve bundles. A. = artery; AICA = anterior inferior cerebel-
lar artery; Arc. = arcuate; CN = cranial nerve; CN V = trigeminal nerve; 
CN IX = glossopharyngeal nerve; CN X = vagus nerve; CN XI = spinal 
accessory nerve; Coch. = cochlear; Emin. = eminence; endolymph. = 
endolymphatic; Flocc. = flocculus; Inf. = inferior; Intermed. = interme-
dius; Jug. = jugular; Labyr. = labyrinth; N. = nerve; Nerv. = ner-
vus  =  PICA  =  posteroinferior cerebellar artery; Post. = posterior; 
SCA = superior cerebellar artery; Subarc. = subarcuate; Sup. = supe-
rior; Trans. = transverse; Vert. = vertebral; Vest.  =  vestibular. (From 
Rhoton AL Jr. [48]. Reproduced with permission from Lippincott 
Williams & Wilkins)
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Fig. 2.10 Relationship of the foramen of Luschka and the lateral 
recess of the fourth ventricle to the junction of the facial (VII) and ves-
tibulocochlear nerves (VIII) with the brainstem, as seen through a sub-
occipital craniotomy. (a) The foramen of Luschka opens into the CPA 
behind the glossopharyngeal (IX) and vagus nerves (X). The choroid 
plexus protrudes from the foramen of Luschka, slightly below and 
behind the facial and vestibulocochlear nerves, and behind the glosso-
pharyngeal and vagus nerves. (b) The right cerebellar tonsil has been 
removed by dividing the tonsillar peduncle to show the relationship of 
the lateral recess to the facial and vestibulocochlear nerves. (c) The tela 

choroidea has been opened, but the choroid plexus, which arises on the 
inner surface of the tela in the fourth ventricle, has been preserved. Br. 
= bridging; Ca. = caudal; Cer. = cerebellar; Cer. Med. = cerebellomed-
ullary; Cer. Pon. = cerebellopontine; Chor. = choroid; F. = foramen; 
Fiss. = fissure; Inf. inferior; Lat. = lateral; Ped. = peduncle; Pon. Med. 
= pontomedullary; Ro. = rostral; Subarc. = subarcuate; sulc. = sulcus; 
Tr. trunk; V. = trigeminal nerve; 4V = fourth ventricle; V. = vein; Vel. = 
velum; XI = spinal accessory nerve; XII = hypoglossal nerve. (From 
Rhoton AL Jr. [50]. Reproduced with permission from Elsevier)
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 CPA Upper Neurovascular Complex

The upper CPA neurovascular complex includes the pons, 
trigeminal nerve, supracerebellar artery (SCA), and superior 
petrosal veins.

The posterior trigeminal root joins the brainstem about 
halfway between the lower and upper borders of the pons. 
Frequently, a lip of cerebellum projects forward and 
obscures the junction of the posterior root with the pons. In 
its intradural course, the trigeminal nerve uniformly runs 
obliquely upward from the lateral portion of the pons 
toward the petrous apex. It exits the posterior fossa to enter 
the middle cranial fossa by passing forward beneath the 
tentorial attachment to enter Meckel’s cave, which sits in 
the trigeminal impression on the upper surface of the 
petrous portion of the temporal bone (Fig. 2.11). The most 
common operation directed to the upper neurovascular 
complex is exposure and decompression of the posterior 
root of the trigeminal nerve.

Normally, the SCA encircles the brainstem well above the 
trigeminal nerve. When a prominent caudally projecting 
loop is present, the SCA and trigeminal nerve come in con-
tact (Fig.  2.12), usually on the superior or superomedial 
aspect of the nerve. Often a few fascicles of the nerve are 
distorted by an SCA that has looped down into the axilla 
between the medial side of the nerve and pons. From the 
retrosigmoid view, an arterial loop in the axilla may not be 
visible behind the trigeminal nerve if the SCA courses 
around the brainstem directly in front of the nerve. The loop 
of the SCA also may be difficult to see if the artery passes 
over the rostral aspect of the nerve close to the brainstem, 
where it may be hidden by the overhanging lip of the cere-
bellomesencephalic fissure. The loop of the SCA may be 
seen dangling below the lower margin of the nerve, even 
though it is not visible above the nerve. These loops of the 
SCA, however, always pass rostrally along the medial and 
superior surfaces of the nerve to reach the cerebellomesence-
phalic fissure. The trunks do not pass directly from the side 

a b

Fig. 2.11 Suprameatal approach to the posterior portion of Meckel’s 
cave. (a) Right CPA.  The suprameatal tubercle is located above the 
porus of the internal meatus. A large inferior petrosal vein passes behind 
the vagus nerve (CN X). (b) The suprameatal tubercle has been 
removed. The dura extending anteriorly toward Meckel’s cave has been 
opened to provide 1 cm of additional exposure along the posterior tri-
geminal root. In addition, access to the side of the clivus is improved. 

Bridg. = bridging; CN = cranial nerve; CN V = trigeminal nerve; CN 
VI = abducens nerve; CN VIII = vestibulocochlear nerve; CN IX = glos-
sopharyngeal nerve; Flocc. = flocculus; Pet. = petrosal; PICA = poste-
rior inferior cerebellar artery; Suprameat. = suprameatal; Tent. = 
tentorium; V. = vein. (From Rhoton AL Jr. [48]. Reproduced with per-
mission from Lippincott Williams & Wilkins)

G. C. Ribas et al.



23

a

b

c

d

e

g

f

Fig. 2.12 Complex arterial relationships of upper CPA. Sites of arte-
rial compression of the trigeminal nerve as seen through a suboccipital 
craniotomy. (a) Central diagram. The trigeminal nerve is compressed 
by a loop of the SCA that dangles down into the axilla of the nerve. The 
site of arterial compression is at the junction of the main trunk with the 
rostral and caudal trunks. (b) The nerve is compressed by the caudal 
trunk. (c) The nerve is compressed by the main trunk. (d) The nerve is 
compressed by both the rostral and caudal trunks. (e) The nerve is com-

pressed by a pontine branch of the basilar artery. (f) The nerve is com-
pressed by the AICA. (g) The nerve is compressed by a tortuous basilar 
artery. A. = artery; A.I.C.A. = anterior inferior cerebellar artery; Bas. = 
basilar; Ca. = caudal; Ro. = rostral; S.C.A. = superior cerebellar artery; 
sup. = superior; Tr. = trunk; V. = vein; VII = facial nerve; VIII = vestibu-
locochlear nerve. (From Rhoton AL Jr. [53]. Reproduced with permis-
sion from Lippincott Williams & Wilkins)
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of the brainstem to the superior surface of the cerebellum. 
Rather, they dip into the deep fissure between the cerebellum 
and midbrain at the posterior margin of the trigeminal nerve.

Less frequently, the anterior inferior cerebellar artery 
(AICA) compresses the trigeminal nerve. Normally, the 
AICA passes around the pons below the trigeminal nerve 
with the facial and vestibulocochlear nerves. The AICA, 
however, may have a high origin and loop upward to indent 
the medial or lower surface of the trigeminal nerve before 
passing downward to course with the facial and vestibuloco-
chlear nerves. A serpentine basilar artery also may wander 
laterally and compress the medial side of the trigeminal 
nerve. In such cases, the basilar artery is often elongated and 
has a fusiform configuration.

More than one artery can compress the nerve. In a few 
cases the SCA will compress the rostral surface of the nerve, 
and the AICA will compress the caudal surface. Infrequently, 
the posteroinferior cerebellar artery (PICA) may reach the 
trigeminal nerve from inferiorly.

The superior petrosal veins are among the largest and most 
frequently encountered veins in the posterior fossa. The supe-
rior petrosal veins can be formed by the terminal segment of 
a single vein or by the common stem formed by the union of 
several veins. The most common tributaries of the superior 

petrosal veins are the transverse pontine and pontotrigeminal 
veins, the veins of the cerebellopontine fissure and middle 
cerebellar peduncle, and the common stem of the veins drain-
ing the lateral part of the cerebellar hemisphere. The trans-
verse pontine veins, which pass near the trigeminal nerve to 
reach the bridging veins entering the superior petrosal sinus, 
are the most frequent veins to compress the trigeminal nerve 
(Fig.  2.13). They can course medially in the axilla of the 
nerve, or they can pass above, below, or lateral to the nerve 
and indent any of its surfaces. The vein of the middle cerebel-
lar peduncle can compress the lateral or medial surface of the 
trigeminal nerve before joining the petrosal veins as it ascends 
in the pons. The vein of the cerebellopontine fissure can 
indent the lateral margin of the trigeminal nerve as it ascends 
toward the superior petrosal sinus, and the pontotrigeminal 
vein may indent the upper margin of the nerve.

The junction of these veins, which converge and form a 
single trunk before entering the superior petrosal sinus, is 
usually lateral to the trigeminal nerve. This junction, how-
ever, may be located medial to the trigeminal nerve, in 
which case the common trunk must pass around the tri-
geminal nerve before reaching the superior petrosal sinus. 
These common trunks can also compress the trigeminal 
nerve.
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Fig. 2.13 Complex venous relationships of upper CPA. Sites of venous 
compression of the trigeminal nerve as seen through a retrosigmoid cra-
niotomy. (a) The superior petrosal veins empty into the superior petro-
sal sinus. The trigeminal nerve is compressed by the junction of a 
transverse pontine vein and the vein of the middle cerebellar peduncle 
with the superior petrosal vein. (b) The trigeminal nerve is compressed 
on its medial side by a transverse pontine vein and on its lateral side by 
the vein of the middle cerebellar peduncle. (c) The lateral side of the 
nerve is compressed by a transverse pontine vein. (d) The medial side 
of the nerve is compressed by the junction of a transverse pontine vein 
with the veins of the middle cerebellar peduncle and cerebellopontine 

fissure. (e) The lateral side of the nerve is compressed by the junction of 
the transverse pontine vein with the veins of the middle cerebellar 
peduncle and cerebellopontine fissure. (f) The medial side of the nerve 
is compressed by the vein of the middle cerebellar peduncle. (g) The 
lateral side of the nerve is compressed by the vein of the cerebellopon-
tine fissure. Cer. = cerebellar; Cer. Pon. = cerebellopontine; Fiss. = fis-
sure; Mid. = middle; Ped. = peduncle; Pon. = pontine; Sig. = sigmoid; 
Sup. = superior; Trans. = transverse; Trig. = trigeminal; V. = vein; 
IV = trochlear nerve; VII = facial nerve; VIII = vestibulocochlear nerve. 
(From Rhoton AL Jr. [53]. Reproduced with permission from Lippincott 
Williams & Wilkins)
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 Middle Neurovascular Complex  
of the CPA

The middle complex includes the AICA; pons; middle cere-
bellar peduncle; cerebellopontine fissure; petrosal surface of 
the cerebellum; and the abducens, facial, and vestibuloco-
chlear nerves. The AICA arises at the pontine level and 
courses in relationship to the abducens, facial, and vestibulo-
cochlear nerves to reach the surface of the middle cerebellar 
peduncle. There it courses along the cerebellopontine fissure 
and terminates by supplying the petrosal surface of the cer-
ebellum. Operations directed to the middle complex are for 
the removal of acoustic neuromas and other tumors and for 
neurovascular decompression to relieve hemifacial spasm 
(Fig. 2.14).

The arteries crossing the CPA, especially the AICA, 
enjoy a consistent relationship to the facial and vestibulo-

cochlear nerves, foramen of Luschka, and flocculus 
(Fig. 2.15) [54–57]. In most cases, the AICA passes below 
the facial and vestibulocochlear nerves as it encircles the 
brainstem. However, it also can pass above or between 
these nerves in its course around the brainstem. The laby-
rinthine, recurrent perforating, and subarcuate branches 
arise from the AICA near the facial and vestibulocochlear 
nerves. When the meatus is opened via the middle fossa, 
translabyrinthine, or posterior approaches, care is required 
to avoid injury to the AICA if it is located at or protrudes 
through the porus.

On the side of the brainstem, the vein of the pontomedul-
lary sulcus and the veins of the cerebellomedullary fissure, 
middle cerebellar peduncle, and cerebellopontine fissure 
have a predictable relationship to the facial and vestibuloco-
chlear nerves [52].
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Fig. 2.14 Neurovascular relationships on the brainstem side of an 
acoustic neuroma. Posterior view through a retrosigmoid craniotomy. 
(a) Neural relationships. (b) Arterial relationships. The AICA arises 
from the basilar artery and divides into a rostral trunk, which passes 
above the flocculus to reach the surface of the middle cerebellar pedun-
cle, and into a caudal trunk, which supplies the area below the flocculus. 
The PICA arises from the vertebral artery and passes dorsally between 
the vagus and accessory nerves. The superior cerebellar artery courses 
above the trigeminal nerve (V). (c) Venous relationships. (d) 
Neurovascular relationships of an acoustic neuroma. The tumor arises 
from the vestibulocochlear nerve (VIII) and displaces the facial nerve 
(VII) anteriorly, the trigeminal nerve superiorly, and the glossopharyn-
geal (IX) and vagus nerves (X) inferiorly. The vestibulocochlear nerve 
disappears into the tumor. The facial nerve enters the brainstem at the 

lateral margin of the pontomedullary sulcus anterior to the flocculus 
and rostral to the choroid plexus protruding from the foramen of 
Luschka. A recurrent perforating branch of the AICA passes across the 
tumor and supplies the brainstem. A. = artery; A.I.C.A. = anterior infe-
rior cerebellar artery; Ant. = anterior; Bas. = basilar; Br. = bridging; Ca. 
= caudal; Cer. = cerebellar; Cer. Pont. = cerebellopontine; Chor. = cho-
roid; F. = foramen; Fiss. = fissure; inf. = inferior; Lat. = lateral; Med. = 
medulla; Mid. = middle; Ped. = peduncle; Perf. = perforating; P.I.C.A. 
= posterior inferior cerebellar artery; Pon. = pontine; Pon. Med. = pon-
tomedullary; Rec. = recurrent; Ro. = rostral; S.C.A. = superior cerebel-
lar artery; Sulc. = sulcus; Sup. = superior; Tr. = trunk; V. = vein; Vert. = 
vertebral; XI = spinal accessory nerve; XII = hypoglossal nerve. (From 
Rhoton AL Jr. [50]. Reproduced with permission from Elsevier)
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Fig. 2.15 Complex neurovascular relationships of the middle CPA. (a) 
The upper illustration shows the site of the incision (straight line) and the 
location of the craniotomy (broken line). The lower illustration shows the 
surgical exposure obtained with this approach. (b) The cerebellum is 
elevated to expose the facial (VII) and vestibulocochlear nerves (VIII) 
and the premeatal, meatal, and postmeatal segments of the AICA. (c) The 
flocculus and choroid plexus have been elevated to expose the root entry/
exit zone of the facial and vestibulocochlear nerves. (d) The nerve root 
entry/exit zone is compressed by the postmeatal segment. (e) A tortuous 

PICA loops upward to compress the nerves at their junction with the 
brainstem before turning inferiorly to pass between the glossopharyngeal 
(IX) and vagus nerves (X). (f) A tortuous vertebral artery compresses the 
nerve root entry/exit zone. A. = artery; A.I.C.A. = anterior inferior cere-
bellar artery; Chor. Plex. = choroid plexus; Labyrin. = labyrinthine; 
MEA  =  meatal; P.I.C.A. = posterior inferior cerebellar artery; Post. = 
posterior; Seg. = segment; Subarc. = subarcuate; Vert. = vertebral; 
XI = spinal accessory nerve. (From Rhoton AL Jr. [48]. Reproduced with 
permission from Lippincott Williams & Wilkins)

 Lower Neurovascular Complex of the CPA

The lower complex, which is related to the PICA, includes 
the medulla; inferior cerebellar peduncle; cerebellomedul-
lary fissure; suboccipital surface of the cerebellum; and the 
glossopharyngeal, vagus, spinal accessory, and hypoglossal 

nerves. The PICA arises at the medullary level, encircles the 
medulla, passing in relationship to the glossopharyngeal, 
vagus, spinal accessory, and hypoglossal nerves, to reach 
the surface of the inferior cerebellar peduncle. There it dips 
into the cerebellomedullary fissure and terminates by sup-
plying the suboccipital surface of the cerebellum (Fig. 2.16).
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Fig. 2.16 Complex neurovascular relationships of the lower CPA. (a) 
Insert shows the approach along the inferolateral margin of the cerebel-
lum. The AICA passes between the facial (CN VII) and vestibuloco-
chlear (CN VIII) nerves. A large tortuous PICA loops upward anterior 
to the facial and vestibulocochlear nerves and behind the trigeminal 
nerve (CN V), before turning downward to reach the medulla. (b) 
Exposing the facial nerve exit zone from the brainstem is facilitated by 
directing the exposure along the inferolateral margin of the cerebellum 
in the area above the glossopharyngeal nerve (CN IX) and below the 

lower edge of the flocculus. (c) The vestibulocochlear nerve has been 
depressed to expose the distal segment of the facial nerve. No access is 
provided to the junction of the facial nerve with the brainstem, which 
should be visualized when treating hemifacial spasm. A  =  artery; 
AICA = anterior inferior cerebellar artery; Chor. Plex. = choroid plexus; 
CN = cranial nerve; CN X = vagus nerve; Flocc. = flocculus; Inf. = 
inferior; Pet. = petrosal; P.I.C.A. = posterior inferior cerebellar artery; 
V. = vein; Vert. = vertebral. (From Rhoton AL Jr. [48]. Reproduced with 
permission from Lippincott Williams & Wilkins)
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The glossopharyngeal, vagus, spinal accessory, and hypo-
glossal nerves arise from the medulla along the margin of the 
inferior olive. The glossopharyngeal, vagus, and spinal 
accessory nerves arise as a line of rootlets that exit the brain-
stem along the posterior edge of the olive in the postolivary 
sulcus, a shallow groove between the olive and posterolateral 
surface of the medulla. The hypoglossal nerve arises as a line 
of rootlets that exit the brainstem along the anterior margin 
of the lower two-thirds of the olive in the preolivary sulcus, a 
groove between the olive and the medullary pyramid. The 
glossopharyngeal and vagus nerves arise at the level of the 
superior third of the olive. The spinal accessory rootlets arise 
along the posterior margin of the inferior two-thirds of the 
olive and from the lower medulla and the upper segments of 
the cervical spinal cord. The glossopharyngeal and vagus 
nerves arise rostral to the level of the origin of the hypoglos-
sal rootlets.

The glossopharyngeal nerve arises as one or rarely two 
rootlets from the upper medulla, posterior to the olive, just 
caudal to the origin of the facial nerve. It courses ventral to 
the choroid plexus, protruding from the foramen of Luschka 
on its way to the jugular foramen. Frequently, a larger dorsal 
and a smaller ventral component is visible at the junction 
with the brainstem [58, 59]. The smaller ventral rootlets are 
motor fibers, and the larger main bundle is composed of sen-
sory fibers [60, 61]. The larger dorsal component usually 
arises from the medulla as one root. In a few cases, however, 
it originates as two rootlets, which can remain separate 
throughout their course to the dura.

The vagus nerve arises below the glossopharyngeal nerve 
as a 2–5.5 mm line of tightly packed rootlets posterior to the 
superior third of the olive. The most rostral vagal fibers arise 
adjacent to the glossopharyngeal origin, from which they are 
sometimes separated by as much as 2 mm. The vagus nerve 
is composed of multiple combinations of large and small 
rootlets that pass ventral to the choroid plexus, protruding 
from the foramen of Luschka on its way to the jugular fora-
men. Occasionally, several small rootlets originate ventral to 
the majority of vagal rootlets. These small ventral rootlets 
are considered to be motor fibers [60].

The accessory nerve arises as a widely separated series of 
rootlets that originated from the medulla at the level of the 
lower two-thirds of the olive and from the upper cervical cord. 
Immediately caudal to the vagal fibers, the cranial rootlets of 
the accessory nerve arise as a line of rootlets that range from 
0.1 to 1 mm in diameter. The cranial rootlets of the accessory 
nerve are more appropriately regarded as inferior vagal root-
lets because they arise from vagal nuclei [58, 59]. It may be 
difficult to distinguish the lower vagal fibers from the upper 
accessory rootlets because the vagal and cranial accessory 
fibers usually enter the vagal meatus as a single bundle.

The upper rootlets of the spinal portion of the accessory 
nerve originate several millimeters caudal to the lowest cra-

nial accessory fibers. They course to join the cranial acces-
sory bundle or to enter the lower border of the vagal meatus 
separate from the cranial accessory rootlets. The spinal 
accessory fibers pass superolaterally from their origin to 
reach the jugular foramen. Although the cranial and spinal 
portions of the accessory nerve usually enter the vagal 
meatus together, they are occasionally separated by a dural 
septum.

The rootlets forming the hypoglossal nerve arise from the 
medulla along a line that is continuous inferiorly with the 
line along which the ventral spinal roots arise. These rootlets 
arise in a nucleus whose rostral portion sits deep to the hypo-
glossal triangle in the floor of the fourth ventricle. They exit 
the medulla along the anterior margin of the caudal two- 
thirds of the olive. The hypoglossal rootlets course anterolat-
erally through the subarachnoid space and pass behind the 
vertebral artery to reach the hypoglossal canal. If the verte-
bral artery is short and straight, it may not contact or distort 
the hypoglossal rootlets. If the artery is tortuous, it can 
stretch the hypoglossal rootlets posteriorly over its dorsal 
surface [54]. Infrequently, the vertebral artery passes between 
the rootlets of the hypoglossal nerve [56]. Before entering 
the hypoglossal canal, the rootlets collect into two bundles. 
In some cases, this canal is divided by a bony septum that 
separates the two bundles. After passing through the canal, 
the bundles unite and the nerve lies medial to the internal 
jugular vein and to the glossopharyngeal, vagus, and acces-
sory nerves.

The vertebral artery courses anterior to the nerves in the 
lower neurovascular complex. The hypoglossal rootlets usu-
ally pass behind the vertebral artery. However, some hypo-
glossal rootlets occasionally pass anterior to the artery. If the 
vertebral artery is elongated or tortuous and courses lateral to 
the olive, it stretches the hypoglossal rootlets over its poste-
rior surface. Some tortuous vertebral arteries stretch the 
hypoglossal rootlets so far posteriorly that they intermingle 
with the glossopharyngeal, vagus, and spinal accessory 
nerves.

The PICA has a much more complex relationship to these 
nerves. The proximal portion of the PICA passes around or 
between and often stretches or distorts the rootlets of the 
nerves in the lower complex. At the anterolateral medulla, 
the PICA passes around or between the rootlets of the hypo-
glossal nerve. At the posterolateral margin of the medulla, it 
passes between the fila of the glossopharyngeal, vagus, and 
spinal accessory nerves. The PICA may be ascending, 
descending, or passing laterally or medially, or it may be 
involved in a complex loop that stretches and distorts these 
nerves as it passes between them.

The close relationships of the PICA and vertebral artery 
to the glossopharyngeal and vagus nerves make it logical to 
explore these relationships in glossopharyngeal neuralgia [5, 
62]. Both the glossopharyngeal and vagus nerves have been 
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found to be compressed at their junction with the brainstem 
by the PICA or the vertebral artery, or both, and the neuralgia 
has been relieved after the arteries and nerves have been sep-
arated [63]. The adverse cardiovascular effects associated 
with mobilizing these nerves and the risk of causing swal-
lowing and vocal cord defects have led some to conclude that 
rhizotomy of the glossopharyngeal nerve and upper vagal 
rootlets is a reasonable alternative to vascular mobilization 
along the lateral medulla [53, 64–67].

 Summary

The asterion and the most posterior portion of the parieto-
mastoid suture are related with the most lateral aspect of the 
inferior margin of the transverse sinus and with the transition 
between the transverse and sigmoid sinuses, respectively. 
Hence, they constitute appropriate sites to start and delimit 
exposure of the superior aspect of the CPA. At the level of 
the mastoid notch, the occipitomastoid suture is particularly 
associated with the posterior margin of the sigmoid sinus. 
Hence, it constitutes an appropriate initial site for a burr hole 
for a basal suboccipital craniectomy to expose the lower por-
tion of the CPA.  Once they are already located over the 
infratentorial lateral limits, both can be used as initial sites 
for burr holes for wide suboccipital exposures.
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3Radiology

Simone E. Dekker, Kristine A. Blackham, Robert W. Tarr, 
and Ameya Nayate

When evaluating pathology of the cerebellopontine angle 
(CPA), imaging is used as a tool to screen, to generate dif-
ferential diagnoses, and to help plan therapy. The two modal-
ities used most frequently in these endeavors are magnetic 
resonance imaging (MRI) and computed tomography (CT). 
Catheter-based digital subtraction angiography (DSA) plays 
a role in evaluating a lesion previously identified radiograph-
ically for quality and location of vascular supply. Angiography 
can also be used for embolization as a preoperative aid when 
treating vascular lesions of the CPA.

 Technical Considerations

CT is typically used to evaluate the temporal bone and is 
tailored for bone detail. At our institution, multidetector CT 
is used for spiral data acquisition in the axial plane with 
reconstruction using a sharp kernel into images that are 

0.8  mm thick at 0.4  mm intervals. These thin slices with 
overlap are routinely reformatted into the coronal plane. 
However, with the availability of the initial axial dataset and 
off-line three-dimensional (3D) workstations, the data can be 
reformatted into any plane and slice thickness desired.

Vascular CPA pathology can be evaluated with CT angi-
ography (CTA), which utilizes the same principle of thin- 
slice collimation with overlap. However, a bolus of 
intravenous contrast is administered, and imaging is per-
formed when vascular opacification peaks in the region of 
interest. These images can then be reformatted into a multi-
planar reconstruction, maximum-intensity projection image, 
or a 3D-shaded surface display.

The CPA is typically evaluated with thin-slice, axial T1- 
and T2-weighted MRI followed by postgadolinium adminis-
tration fat-saturated axial and coronal T1-weighted MRI 
through the same region. T2-weighted and fluid-attenuated 
inversion recovery (FLAIR) images are obtained to evaluate 
for parenchymal reaction or edema in the brainstem and cer-
ebellum. These sequences are the most conventional for 
screening and for further evaluation of known pathology.

MRI has an inherent advantage over CT for the evaluation 
of the CPA: cerebrospinal fluid (CSF) acts like a contrast 
agent on T2-weighted images. Heavily T2-weighted 
sequences and 3D acquisition can be used to further exploit 
the contrast between high signal intensity CSF and the 
intermediate- to-low signal intensity structures of the CPA 
such as normal cranial nerves, vasculature, and pathology [1, 
2]. Constructive interference in steady state (CISS) is one 
magnetic resonance (MR) sequence that allows acquisition 
of thin-slice, heavily T2-weighted images with a high signal- 
to- noise ratio (Fig. 3.1) [3]. These images can be postpro-
cessed into datasets that can be reformatted into 3D images 
[4, 5].
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Typical 3D reformation allows a strict 1:1 translation 
of the acquired data into 3D images and does account for 
the viewpoints and distortion caused by the lens of the 
surgical microscope or endoscope. Virtual endoscopy is a 
method for reformatting datasets into 3D images that 
mimic the surgeon’s view with a divergent field of view. It 
also accounts for the distortion caused by spatial location; 
that is, objects closer to the “lens” of the virtual endo-
scope are larger than objects in the background (Figs. 3.2 
and 3.3) [6–8].

Although useful as a potential aid in preoperative planning 
for lesions of the CPA, virtual endoscopic images are refor-
matted from a raw dataset. The manipulation of this dataset 
can change the size of a lesion on reconstructed images. All 
diagnostic information should be gathered from the source 
images as well as from the traditional imaging sequences.

Fig. 3.1 CISS imaging through the CPA with clear delineation of left 
cranial nerves VII (black arrow) and VIII (white arrow)

Fig. 3.2 Normal anatomy of the CPA 
seen on source MRI (top left) and 
virtual endoscopy (top right, bottom 
left and right) from surgical approach, 
mimicking retrosigmoid approach. 
Virtual MR endoscopy images show 
posterior aspect of facial nerve (VII), 
vestibulocochlear nerve (VIII), 
trigeminal nerve (V), abducens 
(arrowhead), pons (P), flocculus (F), 
and normal blood vessels (arrows). 
(From Nowe V et al. [103]. 
Reproduced with permission from 
American Journal of Roentgenology. 
Photos courtesy of Parizel PM, Nowe 
V, and Van de Heyning PH)
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Fig. 3.3 Coronal (top left) gadolinium-enhanced T1-weighted image 
with fat saturation shows enhancing ovoid lesions in right CPA. Axial 
(top right) thin-section CISS image shows fusiform mass (*) in right 
internal auditory canal and CPA. Facial nerve (arrow). Virtual (bottom 
left) MR endoscopy image of the right CPA seen in cranial-to-caudal 
projection. Tumor (T) and pons (P). Virtual (bottom right) MR endos-

copy image of the right CPA seen in anterior-to-posterior projection 
reveals facial nerve (VII) is displaced and compressed over anterior 
surface of the tumor (T). (Reproduced with permission from American 
Journal of Roentgenology. Photos courtesy of Parizel PM, Nowe V, and 
Van de Heyning PH)
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 Screening Studies

At present, there are no universally accepted guidelines on 
screening in patients with asymmetrical sensorineural hear-
ing loss (SNHL), with clinical presentation being used by 
most otolaryngologists [9]. Clinical concern for a predomi-
nant sensory component to hearing loss directs attention to 
the cochlea and cochlear nerve (CN VIII). When there is con-
cern about a traumatic or congenital cause of sensory or 
cochlear hearing loss, unenhanced CT of the temporal bones 
is likely the most useful initial examination [10]. If there is 
concern about a cochlear lesion or an inflammatory process 
such as labyrinthitis, MRI of the internal auditory canals 
with gadolinium would likely be of greater benefit than CT.

In the case of a clinically presumed neural or retroco-
chlear cause of hearing loss, MRI is the preferred modality 
for screening [11]. The Congress of Neurological Surgeons 
(CNS) Systematic Review and Evidence-Based Guideline on 
Otologic and Audiologic Screening for Patients with 
Vestibular Schwannomas recommends the following: MRI 
screening on patients with ≥10 dB of interaural difference at 
two or more contiguous frequencies or ≥15 dB at one fre-
quency. However, selectively screening patients with ≥15 dB 
of interaural difference at 3000 Hz alone may minimize the 
incidence of MRIs performed that do not diagnose a vestibu-
lar schwannoma. It is recommended to use MRI to evaluate 
patients with asymmetric tinnitus and patients with a verified 
sudden sensorineural hearing loss on an audiogram. However, 
this practice is low yield in terms of vestibular schwannoma 
diagnosis (<1% and <3%, respectively) [12].

The best MRI protocol for screening this patient popula-
tion is debated. The current gold standard for diagnosis and 
surveillance in patients with suspected vestibular schwan-
noma is gadolinium-enhanced T1-weighted MRI. However, 
high-resolution T2-weighted (HRT2) MRI, such as 3D con-
structive interference in steady state (CISS) or fast imaging 
employing steady-state acquisition–cycled phases (FIESTA), 
has been suggested as a lower-cost alternative to T1-weighted 
MRI for screening of patients with suspected vestibular 
schwannoma. CISS and FIESTA are fully refocused steady- 
state gradient echo sequences that combine separate, bal-
anced, steady-state free precession images acquired with 
different radiofrequency pulses [13, 14]. These HRT2 MR 
images provide high spatial resolution without the use of 
contrast agents [15]. Crowson and colleagues showed that a 
noncontrast vestibular schwannoma screening MRI protocol 
utilizing HRT2 MRI is more cost-effective than a full MRI 
with contrast protocol when evaluating for a vestibular 
schwannoma in adult patients presenting with asymmetric 
hearing loss. Screening with HRT2 MRI likely also involves 
shorter exam times.

Yet, further studies are needed to confirm the relative per-
formance of HRT2 screening protocols for vestibular schwan-

nomas [16]. While T2-weighted imaging alone has a high 
diagnostic accuracy for detection of CPA lesions larger than 
2 mm, lesions smaller than 2 mm as well as rare differential 
diagnoses may be missed on T2-weighted imaging only [17]. 
Other studies showed no significant differences for sensitivity 
and specificity when utilizing T2-weighted MRI alone versus 
conventional gadolinium-enhanced MRI of the CPA [18, 19]. 
Other investigators have shown that HRT2 is either not supe-
rior or should be used as a complementary investigative tool 
to gadolinium-enhanced MRI [20–23]. We recommend that 
postcontrast T1-weighted MRI should be considered in 
patients with a known history of inflammatory, infectious, or 
malignant disorders, or a broader variety of symptoms [17].

 General Classification of Lesions

 Extraaxial Lesions

When evaluating lesions of the CPA, it is critical to deter-
mine whether they are located extraaxially, extradurally, or 
intraaxially. At times, it can be difficult to discern the exact 
origin of a lesion. However, certain imaging findings can be 
used to suggest an extraaxial rather than an intraaxial loca-
tion: (1) ipsilateral enlargement of the CPA cistern, (2) CSF 
or a vascular cleft between the mass and cerebellum, and (3) 
buckling of the gray–white matter interface adjacent to the 
mass (Fig. 3.4). Neither simple contiguity to a bony or dural 
surface nor vasogenic edema in the adjacent parenchyma of 
the posterior fossa is a reliable predictor of intraaxial versus 
extraaxial masses [24].

Fig. 3.4 Axial T2-weighted MRI shows a right CPA lesion with classic 
findings of an extraaxial mass (S). Enlargement of the ipsilateral CPA 
cistern (*), presence of a CSF cleft between the mass and cerebellum 
(arrowhead), and buckling of the gray–white matter interface. Within 
the left CPA is a pseudolesion created by the flocculus of the cerebel-
lum (f)
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Fig. 3.5 (a) T1- and (b) T2-weighted MRIs show an extraaxial mass (*) with both intracanalicular and CPA cistern components. This lesion 
avidly enhances on (c) axial and (d) coronal images after gadolinium administration and is consistent with schwannoma

Table 3.1 Imaging signs on CT and MRI to distinguish vestibular 
schwannomas from CPA meningiomas

CPA meningioma Vestibular schwannoma
Sessile tumor Globular tumor morphology
Isointense to brainstem 
parenchyma on T1-weighted 
MRI with varied signal 
intensity on T2-weighted MRI

Isointense to mildly hypointense to 
brainstem parenchyma on 
T1-weighted MRI and 
hyperintense on T2-weighted MRI

Broad-base against petrous 
bone or tentorium

Canalicular component in 
association with dilation of the 
internal auditory canal

Formation of an obtuse angle 
with the petrous temporal bone

Formation of an acute angle by the 
anterolateral or posterolateral 
tumor border with the adjacent 
petrous bone

Homogeneous contrast 
enhancement

Microhemorrhages on T2-weighted 
gradient echo

Dural tail Decreased vestibular signal 
intensity on 3D-FIESTA [46]

Intratumoral calcification
Hyperostotic changes

Most lesions are extraaxial, and schwannomas and menin-
giomas are the two most common. Of these two, acoustic 
schwannomas are by far the most common, accounting for 
85–90% of the lesions of the CPA [25–28].

Schwannomas are typically isointense to mildly hypoin-
tense to adjacent brainstem parenchyma on T1-weighted 
MRI and hyperintense on T2-weighted MRI with avid 
enhancement after gadolinium administration (Fig.  3.5)  
[29, 30]. The morphology of a lesion depends on its size and 
origin. Findings range from complete containment within a 
normal- sized internal auditory canal to expansion of the 
internal auditory canal, with or without an exophytic compo-
nent, into the cistern of the CPA [26, 31]. Because these 
lesions usually grow slowly, the exophytic component 
involving the CPA can be quite large at presentation. There 
can be uniform enhancement of schwannomas of any size, 
but areas of heterogeneity or intratumoral cysts can be seen 
within lesions [32]. In fact, the presence of intratumoral 
cysts suggests the diagnosis of acoustic schwannoma rather 
than meningioma.

Several helpful imaging signs on CT and MRI have been 
described in the literature to distinguish vestibular schwan-
nomas from CPA meningiomas (Table 3.1). Although menin-
giomas are the most common nonglial primary brain tumor, 
only 10% occur in the posterior fossa [33, 34]. Like schwan-
nomas, meningiomas enhance intensely. Their signal inten-
sity on T1- and T2-weighted MRIs can vary, but meningiomas 
are usually isointense to brainstem parenchyma on 

T1-weighted images with varied signal intensity on 
T2-weighted images [35]. Atypical meningiomas arising 
from and completely contained within the internal auditory 
canal have been reported [36, 37]. However, meningiomas 
are usually centered eccentrically to the porus acusticus, 
whereas typical schwannomas are centered over the porus 
acusticus when a CPA component is present [38]. 
Meningiomas tend to have a similar shape with a broad- 
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Fig. 3.6 (a) Axial T1-weighted, (b) T1-weighted postgadolinium, and (c) T2-weighted MRIs show a right CPA lesion (*) that is isointense to 
adjacent gray matter and associated with a broad-based dural attachment that enhances intensely and uniformly

based dural attachment [30, 39]. This “dural tail” is a sign 
associated with and suggestive of meningioma. However, by 
no means is it sensitive or specific for meningioma. The 
dural tail has been described in numerous other entities, 
including schwannomas (Fig. 3.6) [40, 41]. Thus, it is not 
surprising that approximately 25% of CPA meningiomas are 
mistaken for vestibular schwannoma [42].

Differentiation of nonacoustic schwannomas from ves-
tibular schwannomas is largely dependent on the location of 
the tumor and the associated foraminal widening [43]. Facial 
nerve schwannomas are rare lesions that account for less 
than 1% of temporal bone tumors. Such schwannomas are 
typically multisegmental, that is, involving segments of the 
facial nerve distal to the meatal segment. This can be a clue 
to the diagnosis; however, it requires MRI for detailed evalu-
ation. CT can be advantageous for demonstrating osseous 
changes, but CT can underestimate the number of segments 
involved [44]. It is challenging to differentiate facial nerve 
schwannomas involving the internal acoustic canal or cister-
nal segments from vestibular schwannomas [45].

The two most common nonenhancing lesions of the CPA 
are arachnoid cysts and epidermoids [25]. Classically, both 
lesions follow the signal intensity of CSF on T1- and 
T2-weighted imaging with no intralesional enhancement 
[47]. FLAIR and diffusion-weighted imaging (DWI) are 
helpful sequences for differentiating these two lesions [48–
52]. FLAIR imaging is a T2-weighted sequence that attenu-
ates the signal from free fluid. Therefore, on FLAIR imaging 
free fluid such as CSF is hypointense compared with the 
hyperintensity of CSF seen on conventional T2-weighted 
spin-echo images. Classically, arachnoid cysts follow the 
signal intensity of CSF on all pulse sequences, including 
FLAIR and DWI. On DWI, epidermoid tumors demonstrate 

diffusion restriction and slight signal hyperintensity on 
FLAIR sequences (Fig. 3.7) [53].

Although uncommon, lipomas of the CPA have charac-
teristic findings on both CT and MRI and are worth men-
tioning. On CT, the attenuation of a lipoma is the same as fat 
[54, 55]. Consequently, the attenuation of lipomas is uni-
formly markedly decreased. This pattern could be mistaken 
for pneumocephalus if the diagnosis of lipoma is not consid-
ered. Fat content can be verified by placing Hounsfield units 
(HU) on the area of interest and obtaining values in the 
expected range of fat (HU: −120 to −90). Lipomas are 
inherently hyperintense on T1-weighted and T2-weighted 
MRIs. This finding could lead to confusion if postgadolin-
ium images are viewed in isolation. A seemingly avidly 
enhancing mass would be seen as actually nonenhancing 
when compared with noncontrasted images. Techniques 
such as fat suppression are used to verify the fatty content of 
a lipoma (Fig. 3.8).

Given this list of imaging characteristics of extraaxial 
masses, a general algorithm for evaluating tumors of the 
CPA is presented in Fig. 3.9.

 Vascular Lesions

Vascular lesions of the CPA that can cause compressive 
symptomatology include dolichoectasia of the vertebrobasi-
lar circulation, posterior circulation aneurysms (Fig. 3.10), 
and vascular loops. Clinically, pure vertebrobasilar dolicho-
ectasia associated with severe compression of the adjacent 
brainstem is rarely symptomatic but can be associated with 
subclinical dysfunction [56]. Nonetheless, compression of 
cranial nerves within the CPA is well described clinically, 
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Fig. 3.7 Cystic lesion (*) of the left CPA is isointense to CSF on (a) 
axial T2-weighted, (b) FLAIR, and (c) T1-weighted postgadolinium 
images. The lesion could represent either an epidermoid or arachnoid 

cyst. (d) On DWI, the lesion demonstrates increased signal intensity, 
which is consistent with the diagnosis of epidermoid

surgically, and radiographically [57]. Furthermore, mechani-
cal neurovascular compression can occur from normal 
branches from a normal basilar artery.

The optimal way to image these patients would be with 
high-resolution, steady-state T2-weighted MRI. In cases of 
trigeminal neuralgia, this sequence often correctly identi-
fies the offending vessel contact before intervention [58–
60]. A recent double-blinded assessment of surgical and 
radiographic findings demonstrated 76% sensitivity and 
75% specificity for identifying compressive vessels in 
patients with trigeminal neuralgia when conventional 3D 
time of flight MR angiography was used in conjunction 
with 3D gadolinium-enhanced spoiled gradient-recalled 
sequences [60].

It is crucial for skull-base/CPA surgeons to identify vas-
cular lesions as indeed vascular and not to mistake them for 
a process such as meningioma. Because both lesions can 
contain calcium and enhance avidly, pulsation artifact on 
MRI is helpful to identify aneurysms correctly. Conventional 

angiography is definitive for differentiating the two types of 
lesions. A detailed review of vascular lesions of the CPA is 
available elsewhere in this text (see Chap. 21).

 Extradural Lesions

Any lesion centered within the temporal bone can extend 
into the CPA cistern. The most common lesions growing 
from the temporal bone into the CPA are temporal paragan-
gliomas [61]. Paragangliomas are of interest to radiologists 
owing to their striking findings of an avidly enhancing mass 
that demonstrates areas of hypo- and hyperintensity on T1- 
and T2-weighted MRI. This appearance has been labeled a 
salt-and-pepper pattern [62]. It is caused by the hypertro-
phied vascular supply and multiple flow voids within and 
adjacent to the lesion.

Combined CT and MRI tend to be helpful in evaluating 
cholesterol granulomas of the petrous apex. On CT, choles-
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Fig. 3.8 Right CPA lipoma (arrow). (a, b) CTs show a nonenhancing, 
homogenously low-attenuation lesion with Hounsfield units within the 
range for fat. (c) On contrast-enhanced T1-weighted MRI, the mass 
appears to enhance in the right CPA. (d) Noncontrast-enhanced 
T1-weighted MRI shows an inherently bright lesion, which is verified 

on (e) fat-saturated T1-weighted MRI with subsequent loss of signal in 
the region of the known mass. The enhancement posterior to the mass is 
normal choroid plexus (arrowhead) and should not be mistaken for a 
lesion

terol granulomas are well-defined expansile lesions with 
smoothly marginated, nonaggressive borders. These lesions 
are homogenous and lytic compared with native bone [63]. 
After contrast administration, only thin, rim-like peripheral 
enhancement can be seen [64]. On MRI, cholesterol granulo-

mas have a characteristic appearance attributed to intrale-
sional hemorrhage that results in a hyperintense signal on 
T1-weighted and T2-weighted MRIs, explained by 
 cholesterol crystals, multinucleated giant cells, and blood 
products (Fig. 3.11) [65, 66].
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CPA Lesions
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Well-circumscribed mass with smooth 

margins

Fig. 3.9 (a) Algorithm for evaluating lesions of the CPA. Algorithm shows general MRI characteristics for extraaxial, extradural, vascular, and 
intraaxial CPA lesions

Fig. 3.10 Aneurysm of the right posterior inferior cerebellar artery (PICA). (Left) Axial T1-weighted MR image with gadolinium. (Right) Digital 
subtraction angiogram showing the PICA aneurysm
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a b c

Fig. 3.11 (a) Noncontrast-enhanced CT shows an expansile, lytic 
lesion (*) of the left petrous apex extending into the left CPA. (b) 
Noncontrast-enhanced T1- and (c) T2-weighted images show the same 

lesion with increased signal intensity on both pulse sequences and rim 
of hypointense signal due to hemosiderin deposition, consistent with a 
cholesterol granuloma

a b c

Fig. 3.12 Axial (a) T1-weighted, (b) T1-weighted postgadolinium, and (c) T2-weighted MRI show an exophytic brainstem glioblastoma multi-
forme (*) growing into the left CPA cistern

Fig. 3.13 Axial (left) ADC map of DWI sequence, (center) postcontrast T1-weighted, and (right) T2-weighted MR images demonstrate a right 
CPA lymphoma

 Intraaxial Lesions

In adults, lesions less commonly encountered within the CPA 
are intraaxial posterior fossa masses associated with exo-
phytic growth into the CPA.  Brainstem gliomas have been 
shown to grow into the CPA (Fig. 3.12) [67]. Other possible 

intraaxial lesions within the CPA are metastasis,  lymphoma 
(Fig. 3.13), medulloblastoma (Fig. 3.14), and hemangioblas-
toma (Fig.  3.15). However, the most common pathologic 
entity seen intraaxially in patients with CPA symptomatol-
ogy, specifically sensorineural hearing loss (SNHL), is demy-
elination from a process such as multiple sclerosis [68].
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Fig. 3.14 Axial postcontrast (left) T1-weighted and (right) T2-weighted MR images show an intraaxial mass in the right middle cerebellar 
peduncle/CPA. Pathology confirmed a medulloblastoma

Fig. 3.15 Axial postcontrast (left) T1-weighted, (center) T2-weighted, and FLAIR T2-weighted (right) MR images show a cystic intraaxial mass 
in the right cerebellum/CPA. Pathology confirmed a hemangioblastoma

 Angiography

With continued advances in cross-sectional and multiplanar 
imaging, the role of angiography in the initial diagnostic 
evaluation of lesions of the CPA has diminished. Typically, 
DSA is used to evaluate lesions with a diagnosis known or 

highly suspected based on prior imaging, patient demo-
graphics, and symptomatology. DSA can be used to examine 
the vascularity of these lesions and to define their anatomy 
further.

Anatomic delineation is critical when evaluating intra-
cranial aneurysms for treatment. Traditionally, DSA has 
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been the only reasonable tool for the precise definition of 
aneurysmal anatomy. DSA remains the gold standard in 
aneurysm evaluation [69, 70]. With the continued ability to 
decrease slice thickness, and thereby improve resolution, 
and with improved data-processing capabilities, the qual-
ity of CTA is approaching the standard set by catheter-
based angiography [71–73]. In some studies, CTA 
surpassed the capabilities of the latter. In prospective stud-
ies, CTA has been used as the primary diagnostic tool; 
DSA has served to clarify equivocal findings with good 
result [74, 75].

The obvious advantage of catheter-based angiography is 
the ability to intervene. The goals of endovascular interven-
tion can be divided into adjuvant therapies and definitive 
treatments. Definitive endovascular therapies include detach-
able coil embolization of posterior circulation saccular aneu-
rysms and intentional parent vessel sacrifice to treat fusiform 
or dissecting aneurysms.

Adjuvant endovascular therapy mainly consists of pre-
therapeutic embolization. Lesions well suited to preoperative 
embolization include paragangliomas that extend from the 
skull-base into the CPA. Traditionally, surgical resection of 
paragangliomas has been associated with a high risk of neu-
rovascular injury. Stroke or excessive blood loss results from 
the hypervascular nature of these lesions and their location 
adjacent to vital neurovascular structures [76]. Preoperative 
embolization of paragangliomas with polyvinyl alcohol par-
ticles and N-butyl-2-cyanoacrylate (NBCA), for example, 
effectively reduces operative bleeding and reduces the length 
of the operative procedure [77–79].

Of course, the inherent risk of embolization should be 
assessed with diagnostic angiography to identify potentially 
harmful intracranial anastomoses and hence detailed ana-
tomic knowledge is essential [80]. Provocative testing with 
intraarterial lidocaine can assess the potential for cranial 
nerve damage and guide embolization technique. Even if no 
clear dangerous intracranial anastomosis is identified with 
DSA, the presence of embolic material penetrating the 
lesion can lead to flow alterations that cause dangerous 
anastomoses to open. Furthermore, complications can occur 
from the reflux of embolic material into the parent artery. 
Nevertheless, percutaneous injections of NBCA into cervi-
cal paragangliomas and into jugular paragangliomas have 
been successful [81].

Meningiomas can also benefit from preoperative emboli-
zation with similar goals of reducing operative times and 
blood loss. Again, there is always a risk of endovascular 
embolization, including transient or permanent neurological 
deficits, difficulty with postoperative skin healing, and the 
potential for excessive radiation exposure [82, 83].

 Preoperative and Follow-Up Imaging

 Preoperative Imaging of Vestibular 
Schwannomas

The Congress of Neurological Surgeons Systematic Review 
and Evidence-Based Guideline on the Role of Imaging in the 
Diagnosis and Management of Patients with Vestibular 
Schwannomas recommends that preoperative surveillance 
for growth of a vestibular schwannoma should be followed 
with either contrast-enhanced 3D T1 magnetization prepared 
rapid acquisition gradient echo (MPRAGE) or HRT2 MRI 
[84]. HRT2 CISS imaging does exhibit equal characteriza-
tion of tumor size as postcontrast T1-weighted imaging [85, 
86]. However, T2 CISS imaging does not appear to supplant 
postcontrast T1-weighted imaging for identifying regions of 
necrosis and understanding internal tumor architecture [14].

If a “watch and wait” philosophy is pursued, the Congress 
of Neurological Surgeons (CNS) Systematic Review and 
Evidence-Based Guideline recommends that MRI should be 
obtained annually for 5 years, with interval lengthening there-
after with tumor stability [84]. The cochlear signal on FLAIR 
images is an additional parameter to evaluate when monitor-
ing the degree of functional impairment during follow-up of 
patients with small acoustic neuromas confined to the internal 
auditory canals [87].

Investigators have attempted to identify preoperative 
radiologic features that may predict tumor consistency and 
functional results following vestibular schwannoma surgery. 
The extent of lateral internal auditory canal involvement 
should be emphasized when interpreting imaging for preop-
erative planning because the degree of canal involvement 
adversely affects facial nerve and hearing outcomes [84]. 
Moreover, widening of the internal auditory canal on bony 
CT scan may also predict whether the tumor is firm or soft 
[88]. Some investigators found that firm schwannomas were 
more likely to be hypointense, while soft schwannomas were 
more likely to be hyperintense [89]. In contrast, other inves-
tigators found no significant correlation between intraopera-
tive vestibular schwannoma consistency and tumor intensity 
in T2-weighted imaging [88].

Identification of the facial nerve during vestibular schwan-
noma surgery is imperative. However, in large vestibular 
schwannomas, the nerve can be morphologically changed 
and/or displaced by the tumor in an unpredictable manner. 
Various studies have explored the optimal imaging sequence 
to augment visualization of the facial nerve and to predict the 
position of the facial and vestibulocochlear nerves in relation 
to the vestibular schwannoma. These imaging modalities 
include T1-weighted with contrast MR sequences as well as 
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specialized T2-weighted sequences, such as CISS and diffu-
sion tensor imaging-based fiber tracking (DTT) [84, 90–92].

T2-based MRI sequences can be used to delineate the 
course of the facial nerve in small vestibular schwannomas 
with a sensitivity of 63–90% [20, 93, 94]. However, visual-
ization of the course of the facial nerve is more challenging 
in tumors larger than 25 mm. In an effort to predict the loca-
tion of the facial nerve in very large (>50 mm) facial nerve 
schwannomas, Jung and colleagues integrated contrast- 
enhanced T1 and T2 sequences and extrapolated the location 
of the facial nerve based on the appearance of intrameatal 
and extrameatal portions of the tumor. Using this strategy, 
the direction of the facial nerve displacement was accurate in 
80% of cases [93].

CISS has been shown to successfully identify cisternal 
and canalicular segments of both the vestibulocochlear and 
facial nerves in 100% of the cases in a study of 48 normal 
subjects and 8 patients with facial or vestibulocochlear 
pathology. Preoperative DTT of the facial nerve has shown 
100% congruence between preoperative DTT prediction and 
intraoperative findings [95, 96]. However, a lower concor-
dance rate of 71.4% was reported in a different study by 
Taoka and colleagues [97]. A combined approach of both 
DTT and CISS imaging resulted in a 90.9% concordance 

between preoperative prediction of the cisternal segment of 
the facial nerve in relation to the tumor, and intraoperative 
findings [91].

To conclude, the course of the facial nerve may be deter-
mined on preoperative MRI, especially with T2-weighted 
sequences and with tractography reconstruction. However, 
the reliability of these predictions remains to be established, 
and further research is necessary to develop the technology 
as a standard scheme for facial nerve visualization.

 Follow-Up Assessment After Treatment 
of Vestibular Schwannomas

Regardless of the chosen clinical management path, serial 
T1-weighted MRI is the mainstay for monitoring tumor 
growth (or regrowth) in observation or postprimary interven-
tion. The exact surveillance algorithm varies, but most 
reports suggest a role for postoperative imaging at 1 and 5 
years [84]. Objectives for follow-up imaging include identi-
fication of residual or recurrent tumor, assessment of tumor 
size, response to radiation therapy, and the presence of post-
therapeutic complications such as infarcts, hemorrhage, or 
sinus thrombosis (Fig. 3.16).

Fig. 3.16 (Left) Axial postcontrast T1-weighted MR image shows postoperative sinus thrombosis in the right transverse sinus after a retrosigmoid 
approach for removal of a metastatic adenocarcinoma. (Right) Preoperative axial postcontrast T1-weighted MR image shows no thrombus
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Patients receiving gross total resection should undergo a 
postoperative MRI to document the surgical impression, 
but this may occur as late as 1 year after surgery. More fre-
quent surveillance scans are suggested for patients not 
receiving gross total resection, such as annual MRI scans 
for a period of 5 years. Nodular enhancement on postcon-
trast imaging is suspicious for recurrence, and continued 
surveillance is necessary if any change in nodular enhance-
ment is demonstrated [84]. If muscle is used to close the 
surgical defect, postoperative changes may mimic enhanc-
ing tumor and should therefore be correlated clinically 
[98]. Postoperative imaging of the facial nerve may vary, 
making the evaluation of patients with postoperative facial 
nerve paralysis challenging. The facial nerve may be 
stretched and displaced in large tumors. However, poor or 
absent visualization of the facial nerve does not necessarily 
indicate injury or transection [98].

In general, vestibular schwannomas associated with 
neurofibromatosis type-2 should be imaged more fre-
quently due to a more variable growth rate for these lesions. 
When one of two bilateral schwannomas is resected, the 
rate of growth of the remaining vestibular schwannoma 
may increase, and therefore more frequent imaging may be 
indicated [99, 100]. One study demonstrated an almost 
doubling of the contralateral tumor growth rate following 
resection of one of the bilateral tumors (2.5  ±  2.2 vs 
4.4 ± 3.4 mm/year) [100].

Following stereotactic radiosurgery (SRS), follow-up 
imaging had been performed at 6-month intervals for less 
than 2 years, annually for the next 3 years, and biannually 
thereafter [101]. Of note, the tumor size may temporarily 
increase after SRS due to intralesional edema [102].

 Imaging Pitfalls and Pseudomasses

Artifact from CSF flow and normal structures located within 
the CPA can mimic pathology (pseudolesions). These struc-
tures include the flocculus of the cerebellum, the jugular 
tubercle, and enhancing choroid plexus extending through 
the foramen of Luschka.

The flocculus of the cerebellum juts into the CPA cistern. 
On T2-weighted MRIs, it is made conspicuous by surround-
ing bright CSF. This tissue is isointense to the adjacent cer-
ebellum on all pulse sequences and fails to demonstrate 
enhancement after gadolinium administration, which are 
clues that this structure is normal. On contiguous images, 
this apparent mass can be connected directly to the cerebel-
lum (Fig. 3.4).

In contrast to the nonenhancing pseudomass caused by 
the flocculus, the choroid plexus extending through the fora-
men of Luschka from the fourth ventricle enhances avidly 
after gadolinium administration. It can be connected to the 
enhancing choroid plexus from the fourth ventricle (Fig. 3.8).

Similarly, the jugular tubercle of the occipital bone can 
extend into the CPA cistern. This configuration is most read-
ily seen on CT and can be mistaken for a calcified meningi-
oma. Examination of bone windows will show this apparent 
exophytic calcified mass to be in direct continuity with the 
occipital bone (Fig. 3.17).

CSF flow artifact is most readily identified on conven-
tional spin echo (nonvolumetrically acquired or nonsteady 
state) T2-weighted MRIs [2]. The presence of flow artifact 
can be determined by the absence of signal abnormality on 
other sequences of routine imaging and by the absolute 
absence of an enhancing mass in the CPA (Fig. 3.18).

S. E. Dekker et al.



47

a b

dc

Fig. 3.17 CT (a) with and (b) without contrast shows a hyperdense lesion in the bilateral CPA (white arrowhead). (c) Bone window through the 
same level and (d) a contiguous, inferior slice showing continuity with jugular tubercle (black arrowhead)

a

c

b

d

Fig. 3.18 (a) T2-weighted and (b) FLAIR images show abnormal sig-
nal in the left CPA cistern (arrowhead and *). T1-weighted (c) precon-
trast and (d) postcontrast administration showing no abnormality in the 

left CPA cistern consistent with flow artifact (arrowhead). A schwan-
noma (Asterisk) is seen in the right CPA cistern
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Lesions of the cerebellopontine angle (CPA) produce a fasci-
nating array of clinical manifestations. To understand the 
neurological manifestations produced by pathology in the 
CPA region, one must have a firm grasp of the corresponding 
neuroanatomical structures and pathways and of the conse-
quences of their dysfunction. It is important to recognize 
specific neurological syndromes that may suggest a lesion in 
the CPA or surrounding anatomical structures, including the 
brainstem and cerebellum. It is important to realize that the 
causes underlying neurological dysfunction attributable to 
this region include not only tumors, but also a myriad of 
other pathologies such as vascular, infectious, and inflamma-
tory conditions.

 Anatomy

Understanding the clinical manifestations produced by CPA 
lesions requires a firm grasp of the anatomical structures 
within and surrounding the CPA (Fig.  4.1). The CPA is a 
wedge-shaped area filled with cerebrospinal fluid (CSF) [1, 
2]. The CPA is bordered laterally by the petrous portion of 
the temporal bone, medially by the middle and lower brain-

stem (pons and medulla), posteriorly and superiorly by the 
cerebellum, and inferiorly by cranial nerves (CN) IX, X, and 
XI with their surrounding arachnoid investments.

The pons forms part of the medial boundary of the CPA 
and contains many important neuroanatomical structures and 
pathways (Fig. 4.2). The dorsal portion of the pons (tegmen-
tum) contains the ascending reticular activating system, 
which helps maintain alertness. The ventral part of the pons 
(basis pontis) contains multiple nerve fiber tracts and the cor-
ticospinal tract (motor pathway). The caudal pons contains 
CN VI and VII nuclei in its dorsomedial and ventrolateral 
portions, respectively (Fig. 4.3). The CN VI nucleus forms 
the abducens nerve, a pure motor nerve that innervates the 
ipsilateral lateral rectus and abducts the eye. Dysfunction of 
the CN VI nucleus or nerve causes paresis of the ipsilateral 
eye with lateral gaze, whereas the contralateral eye moves 
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Fig. 4.1 Head CT scan of a patient showing the landmarks of the cer-
ebellopontine angle: (1) pons; (2) cerebellum; (3) petrous temporal 
bone; (4) fourth ventricle; (5) posterior clinoid process; and (6) tempo-
ral lobe
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Fig. 4.2 The brainstem and cerebellum viewed from the basal aspect 
to show the cerebellopontine angle and associated structures: (1) abdu-
cens nerve (CN VI); (2) cerebellum; (3) facial nerve (CN VII); (4) pons; 
(5) pyramid (medulla); (6) vestibulocochlear nerve (CN VIII); (7) glos-
sopharyngeal nerve (CN IX); and (8) roots of vagus (CN X), accessory 
(CN XI), and hypoglossal (CN XII) nerves

Fig. 4.3 Cross-section of the pons at the level of the cerebellopontine 
angle: (1) abducens nerve nucleus (CN VI); (2) vestibular nuclei; (3) 
cerebellar peduncles; (4) medial longitudinal fasciculus; (5) parame-
dian pontine reticular formation; (6) central tegmental tract; (7) facial 
nerve nucleus (CN VII); (8) spinothalamic tract; (9) spinal trigeminal 
nucleus; (10) spinal trigeminal tract; (11) medial lemniscus; (12) lateral 
lemniscus; and (13) corticospinal tract

normally. The parapontine reticular formation, which is ven-
tromedial to the CN VI nucleus, controls horizontal saccadic 
eye movements. The motor nucleus of the facial nerve (CN 
VII) is ventrolateral to the CN VI nuclei. The motor and sen-
sory nuclei of the trigeminal nerve (CN V) and the vestibular 
and cochlear nuclei are located dorsolaterally. Other tracts 
within the pons include the medial longitudinal fasciculus, 
which coordinates conjugate eye movements; the medial 
lemniscus, which contains sensory fibers for light touch, 
vibration, and proprioception from the trunk and limbs; and 

the lateral spinothalamic tract, which contains pain and tem-
perature fibers from the trunk and limbs. The middle cerebel-
lar peduncle connects the ventral pons to the cerebellum.

The contents of the CPA include CN VII and VIII, which 
cross the CPA before entering the internal auditory canal. 
The anterior inferior cerebellar artery (AICA) passes through 
the CPA.  Small branches exit the AICA to CN VII and 
VIII. The labyrinthine artery (internal auditory artery) also 
exits from AICA. Two venous structures are relevant to the 
CPA.  The petrosal vein drains blood from the cerebellum 
and lateral brainstem to the greater petrosal sinus, and 
Labbé’s vein drains blood returning from the inferior and lat-
eral surfaces of the temporal lobe.

 Etiologies

Understanding the anatomical origins of a CPA lesion can 
help narrow the differential diagnosis of a lesion and also 
explain associated neurological manifestations. Likewise, 
the presenting neurological signs and symptoms can help 
predict the anatomical location of a lesion. Lesions produc-
ing clinical manifestations referable to the CPA may arise 
from within the CPA itself, or they arise from the internal 
auditory canal, temporal bone, brainstem, or cerebellum. 
Table  4.1 summarizes the differential diagnosis of a CPA 
lesion, stratified by extraaxial, extradural, vascular, and 
intraaxial origins.

The most common lesions (80–90%) of the CPA are ves-
tibular schwannomas. These tumors arise from the Schwann 
cell lining of CN VIII within the internal acoustic canal and 
grow medially into the CPA. Less often, schwannomas arise 
from CN V or VII, or even from CN IX through CN XII. The 
second most common lesions (6%) of the CPA region are 
meningiomas, which may arise from the petrous ridge, tento-
rium, clivus, or internal acoustic meatus [3, 4].

Primary tumors that arise within the CPA include epider-
moids, dermoids, and arachnoid cysts. Rare cysts include 
neurenteric, neuroepithelial, or neurocysticercosis cysts. 
Other primary tumors that can originate within the CPA 
include lipomas or melanocytic tumors. Other primary 
lesions include abnormal vascular loops, ectasia of the verte-
brobasilar artery and branches, and aneurysms. Aneurysms, 
like tumors, can produce mass effect on CPA structures, 
thereby causing neurological dysfunction. Metastatic lesions 
within the CPA can include lung and breast carcinomas, mel-
anomas or other systemic tumors, or carcinomatous menin-
gitis. Infectious lesions within the CPA, which primarily 
infiltrate the meninges, include tuberculosis and syphilis [5]. 
Other lesions include granulomatous processes such as sar-
coidosis or Wegener’s granulomatosis.

Skull-base lesions impinging on the CPA originate mainly 
from the temporal bone and grow medially into the 
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Table 4.1 Differential diagnosis

Type of lesion Lesion
Extraaxial Vestibular schwannoma

Trigeminal schwannoma
Facial nerve schwannoma
Mixed nerve schwannoma
Meningioma
Metastasis
Melanoma
Sarcoidosis
Tuberculosis
Syphilis
Epidermoid
Dermoid
Arachnoid cyst
Lipoma
Erdheim–Chester

Extradural Paragangliomas
Cholesterol granulomas
Cholesteatoma
Chordoma
Chondromas
Chondrosarcoma
Endolymphatic sac tumor
Apex petrositis
Skull-base trauma

Vascular Vertebrobasilar dolichoectasia
Vascular loops
Posterior circulation aneurysms
Arteriovenous malformation (AVM)
Cavernous hemangiomas

Intraaxial Brainstem gliomas
Metastasis
Lymphoma
Medulloblastoma
Hemangioblastoma
Choroid plexus papillomas
Ependymomas
Dysembryoplastic neuroepithelial tumors
Multiple sclerosis

CPA.  These lesions include cholesterol granulomas, para-
gangliomas, chondromas, chondrosarcomas, chordomas, 
and endolymphatic sac tumors. A condition called apex pet-
rositis, which involves an inflammatory lesion of the petrous 
apex from otitis media, can occur [5]. This entity can mani-
fest with Gradenigo’s syndrome, which consists of ear pain, 
facial numbness, or dysesthesias (CN V), and ipsilateral ocu-
lar abduction palsy from CN VI dysfunction [6].

Occasionally, intraaxial lesions can impinge on the 
CPA.  Tumors may include brainstem gliomas, choroid 
plexus papillomas, lymphomas, hemangioblastomas, epen-
dymomas, medulloblastomas, and dysembryoplastic neuro-
epithelial tumors. Other intraaxial lesions include vascular 
lesions such as arteriovenous malformations or cavernous 
hemangiomas, or demyelinating diseases such as multiple 
sclerosis.

 Clinical Manifestations

The neurological manifestations of CPA lesions depend on 
multiple factors related to the responsible lesion, including 
their anatomical origin, size and degree of extension, pathol-
ogy, and associated mechanism of injury. The timeliness of 
the clinical presentation may provide clues to the diagnosis. 
Protracted courses are often present for extraaxial lesions of 
the CPA (e.g., vestibular schwannomas and meningiomas). 
Signs of cranial nerve dysfunction develop over the course of 
years, with hearing loss being most common. A protracted 
course is also more common with other benign pathologies 
intrinsic to the brainstem. Rapidly progressive symptom 
development or sign of dysfunction at multiple levels of the 
brainstem portends an aggressive pathology. Rapid develop-
ment of symptoms followed by stability raises concern for a 
vascular injury.

The anatomical origin of the CPA lesion may help deter-
mine the initial presenting neurological symptoms. For 
example, a vestibular schwannoma usually becomes symp-
tomatic with hearing dysfunction because of the proximity 
of the cochlear nerve, whereas an intraaxial lesion usually 
manifests with signs of brainstem dysfunction. The size of 
the lesion and degree of extension also affect neurological 
dysfunction. Matthies and Samii determined that certain 
neurological symptoms in patients with vestibular schwan-
nomas depended on the degree of tumor extension [7]. For 
example, patients with the largest tumors and extension had 
a significantly higher incidence of preoperative impaired 
function of the trigeminal nerve, facial nerve, and deafness.

Differences in the clinical manifestation of CPA lesions 
can also reflect the pathology involved [3, 4]. The two most 
common CPA lesions, vestibular schwannomas and menin-
giomas, demonstrate distinct clinical differences. For exam-
ple, hearing loss is the most common symptom associated 
with both vestibular schwannomas and meningiomas (95% 
vs 60–75%, respectively). However, dysequilibrium seems 
to be more common with the latter, occurring in as many as 
50% of patients, compared with the former. Furthermore, tri-
geminal nerve symptoms are reported to be prominent in 
patients with nonacoustic lesions.

Mechanisms of injury by CPA lesions responsible for 
neurological dysfunction can include direct compression of 
neurovascular structures (nerves, arteries, and veins); com-
pression of the brainstem; or obstruction of CSF flow. 
Compression of arteries can result in infarction of the brain-
stem, cranial nerves, or cochlea. Compression of veins can 
result in venous infarction and life-threatening cerebral 
edema. Obstruction of CSF flow can cause hydrocephalus 
associated with dangerous elevations of intracranial pressure 
(ICP).

Symptoms of increased ICP include headache, nausea, 
vomiting, visual blurring, diplopia, lethargy, and confusion. 
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Signs of elevated ICP include decreased level of conscious-
ness, papilledema (blurring of the optic disk or absence of 
venous pulsations), unilateral or bilateral CN VI dysfunc-
tion, and impairment of upgaze. In the setting of elevated 
ICP, CN VI dysfunction is considered a nonlocalizing sign 
and does not necessarily imply pontine dysfunction or direct 
compression of CN VI. The finding of impaired upgaze sug-
gests hydrocephalus, which causes pressure on the dorsal 
midbrain where the centers responsible for initiating and 
maintaining upward gaze are located. It should be noted that 
the signs and symptoms of hydrocephalus are highly variable 
with the presence of both slowly and rapidly progressive 
presentations.

Because vestibular schwannomas are the most common 
CPA lesion, most literatures on the neurological manifesta-
tions of CPA masses refer to these lesions. Matthies and 
Samii reported the neurological manifestations associated 
with vestibular schwannomas in an impressive series of 1000 
patients [7]. Hearing loss was overwhelmingly the most 
prevalent symptom and sign (95% and 93%, respectively). 
Vestibular dysfunction was the second most common symp-
tom and sign (61% and 45–59%, respectively). Symptoms of 
vestibular dysfunction included vertigo, dizziness, and 
unsteadiness. Tinnitus occurred in 63% of patients. 
Headaches, primarily located occipitally, occurred in about 
12% of the patients. Less frequent symptoms included 
impaired facial sensation (CN V, 8%); facial weakness (CN 
VII, 5%); and lower cranial nerve dysfunction (CN IX–XII) 
including dysphagia, dysarthria, dysphonia, and shoulder 
shrug weakness. Other symptoms included nausea, vomit-
ing, and visual disturbances (1–3%). Interestingly, objective 
dysfunction of the trigeminal nerve, primarily of the maxil-
lary division (V2), occurred in 19% of patients, but was 
reported subjectively by only 8%. Likewise, facial muscle 
paresis occurred in 17% objectively, but was reported sub-
jectively by only 5% of the patients.

 Neurological Examination of the CPA

The neurological examination of patients with symptoms 
that may be referable to the CPA must focus on the anatomi-
cal structures typically affected by lesions in this region. The 
standard elements tested in the neurological examination 
include mental status, cranial nerves, motor function, sen-
sory function, reflexes, coordination, and gait. In patients 
suspected of having a CPA lesion, the neurological examina-
tion must include a detailed evaluation of cranial nerve func-
tion and coordination. In general, signs and symptoms of 
brainstem or upper motor neuron disease present in a delayed 
fashion in the case of extraaxial pathologies. Early presenta-
tion of multiple cranial nerve dysfunction or long tract signs, 
including hyperreflexia, spasticity, or the presence of abnor-

mal reflexes, should prompt consideration for an intrinsic 
pathology.

The mental status examination consists of evaluating 
level of consciousness, orientation, language, memory, and 
cognition. Determining if there are signs of decreased level 
of consciousness or cognitive dysfunction is especially 
important. Large CPA lesions may obstruct the fourth ven-
tricle or foramen of Luschka, causing obstructive hydro-
cephalus. The impairment in level of consciousness can 
range from drowsiness to coma.

The motor examination should assess the strength and 
tone of all extremities. Motor strength is assessed by testing 
individual muscles and grading them on a standard 5-point 
scale: 0, no movement; 1, trace movement; 2, movement 
present but not against gravity; 3, antigravity only; 4, some 
resistance to examiner; or 5, full strength. The examiner 
should check muscle strength in at least the major muscle 
groups, including the deltoids, biceps, triceps, hand grip, hip 
flexors, knee extensors and flexors, ankle dorsiflexion, and 
plantar flexion. Asymmetric muscle weakness may indicate 
damage to the corticospinal tract from brainstem compres-
sion or an intraaxial lesion. Increased tone on the same side 
of the weakness indicates an upper motor neuron corticospi-
nal tract injury as would be expected if a lesion in the CPA 
damages these pathways. However, signs of brainstem com-
pression usually occur later in the clinical presentation, fol-
lowing signs of cranial nerve dysfunction in the case of 
extraaxial lesions.

The reflexes should be tested in the biceps, triceps, patel-
lae, and ankles. The examiner should note asymmetrical or 
abnormally brisk reflexes that would indicate upper motor 
neuron damage. The patient should be checked for the abnor-
mal reflex, Babinski’s sign. To elicit this sign, the examiner 
strokes the lateral aspect of the sole of the foot posteriorly to 
anteriorly. Babinski’s sign is present when the great toe 
moves upward (dorsiflexes). This response usually indicates 
previous damage to the corticospinal tract.

Examination of sensory modalities should focus on tri-
geminal nerve function, which is discussed in terms of evalu-
ating the cranial nerves. Examination of general sensory 
function in patients with symptoms suggestive of CPA dys-
function should include assessment of light touch, pinprick, 
temperature, and vibration in all extremities. Asymmetry of 
temperature and pinprick sensation usually indicates dys-
function of the lateral spinothalamic tract, whereas decreased 
vibration indicates medial lemniscus dysfunction.

Coordination and gait are examined to assess cerebellar 
function. The finger-to-nose maneuver, rapid finger tapping, 
heel-to-shin, and foot tapping tests may be used in assessing 
function of the corresponding ipsilateral cerebellar hemi-
sphere. Midline cerebellar function is tested by having the 
patient walk heel-to-toe in tandem. A useful screening test 
for ataxia is Romberg’s sign, which involves having the 
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patient close his or her eyes with feet together and assessing 
stability. Romberg’s sign is abnormal when the patient sways 
excessively or falls to one side. The side toward which the 
patient falls usually indicates the side of cerebellar 
dysfunction.

The cranial nerve portion of the neurological examination 
should receive the most attention in patients suspected of 
having a CPA lesion (Table  4.2). The examiner should 
develop a specific routine for checking the cranial nerves to 
ensure efficiency and accuracy of the evaluation. First, the 
visual fields (CN II) and pupillary light reflex, which con-
tains an afferent limb (CN II) and an efferent limb (CN III), 
can be checked. Next, the patient should be checked for eye-
lid ptosis and pupillary miosis (Horner syndrome). If pres-
ent, this combination may indicate damage to the sympathetic 
tract, which passes through the lateral pons and medulla.

Ocular motility involves the function of CN III (oculomo-
tor), CN IV (trochlear nerve), and CN VI (abducens nerve). 
CN III originates in the midbrain and innervates the medial 
rectus (eye adduction), inferior rectus (depresses eye in 
abducted position), inferior oblique (elevates eye in adducted 
position), and superior rectus (elevates eye in abducted posi-
tion) muscles. CN IV innervates the superior oblique muscle, 
which depresses the eye in the adducted position.

CN V (trigeminal) function is tested by assessing both 
sensory and motor components. The sensory fibers of the tri-

geminal nerve are separated into the ophthalmic (V1), maxil-
lary (V2), and mandibular (V3) divisions. V1 supplies the 
forehead and portion of the scalp, upper eyelid, and skin of 
the nose. V2 supplies the skin of the lower eyelid, upper lip, 
and cheek. V3 supplies the skin of the lower lip, lower jaw, 
and chin. Each division should be tested individually using a 
sharp disposable pin and compared with the normal contra-
lateral side.

CN VII (facial nerve) function is most easily tested by 
observing the muscles of facial expression. Asymmetry of 
the patient’s face at rest should be noted. The crease at the 
angle of the nose and upper lip, the nasolabial fold, should be 
examined bilaterally for subtle signs of flattening. The 
patient should be asked to raise his or her eyebrows. The 
examiner then applies downward pressure and should not be 
able to resist the upward force easily. Similarly, the patient 
should close his or her eyes tightly, and the examiner should 
try to open them. In a patient with normal orbicularis oculi 
strength (CN VII), the examiner should be unable to force 
the eyes open. Other tests of facial nerve strength include 
puffing the cheeks (buccinator muscle) and retracting the 
chin (platysma muscle). CN VII supplies taste sensation to 
the anterior two-thirds of the tongue, which may manifest as 
an asymmetric ability to detect fundamental tastes.

The corneal reflex, which is depressed on the side of a 
lower motor neuron CN VII lesion, should be tested. The 
corneal reflex involves an afferent limb (CN V) and an effer-
ent limb (CN VII, orbicularis oculi muscle). To test this 
reflex, the examiner gently stimulates each cornea with a 
sterile wisp of cotton and observes the briskness of blinking 
in both ipsilateral and contralateral eyes. An abnormality of 
CN V (afferent limb) manifests as a reduced blink in both the 
tested and contralateral side, with a normal blink response in 
both eyes when only the contralateral side is tested. An 
abnormality of CN VII (efferent limb) manifests as a reduced 
blink response on the side ipsilateral to the lesion, a normal 
contralateral blink response, and a reduced blink response on 
the contralateral side when only the normal eye is tested. 
With a combined lesion of CN V and VII, neither eye blinks 
in response to stimulation of the ipsilateral cornea. When 
only the cornea on the normal contralateral side is stimu-
lated, the blink is normal only on that side.

CN VIII (vestibulocochlear nerve) contains both vestibu-
lar and auditory divisions. In patients with vestibular schwan-
nomas, the cochlear division typically manifests dysfunction 
because the vestibular system effectively equilibrates to 
gradual damage to the vestibular nerve.

The cochlear division of CN VIII should be tested audio-
metrically for pure tone perception and speech discrimina-
tion. Patients with a CPA lesion exhibit a retrocochlear 
pattern of hearing loss in which speech discrimination is 
impaired disproportionately to pure tone perception. Some 
bedside screening tests for hearing dysfunction may be help-

Table 4.2 Function of cranial nerve

Cranial nerve Origin Function
Optic (II) Retina Vision, afferent limb pupillary 

light reflex
Oculomotor (III) Midbrain Ocular motility: medial 

rectus, superior rectus, 
inferior oblique muscles
Lid elevation, efferent limb 
pupillary light reflex

Trochlear (IV) Caudal 
midbrain

Ocular motility: superior 
oblique muscle

Trigeminal (V) Pons Facial sensation, jaw 
movement, and 
proprioception

Abducens (VI) Pons Ocular motility: lateral rectus 
muscle

Facial (VII) Pons Facial movement, taste 
sensory, efferent limb corneal 
reflex, parasympathetic 
function: tearing and 
salivation

Vestibulocochlear 
(VIII)

Pontomedullary Vestibular function and 
hearing

Glossopharyngeal 
(IX)

Medulla, lateral Gag reflex, swallowing, taste, 
salivation, phonation

Vagus (X) Medulla, lateral Gag reflex, swallowing, 
phonation

Spinal accessory 
(XI)

Medulla/spinal 
cord

Head turning, shoulder shrug

Hypoglossal (XII) Medulla, medial Tongue movements
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ful as an initial screen of auditory function. The examiner 
can perform finger rubbing and observe the maximum dis-
tance at which the patient can detect the stimulus.

The examiner can also perform the Weber’s and Rinne 
tests to help differentiate between conductive and sensori-
neuronal hearing loss. The Weber’s test involves placing a 
vibrating tuning fork over the midline of the forehead. In a 
patient with normal hearing, the vibration is heard equally in 
both ears because bone conduction is equal bilaterally. In a 
patient with a unilateral conduction deficit, the vibration is 
heard louder in the affected ear because the conduction path-
ways are bypassed and there is a concomitant lack of inter-
fering background noise on that side. In sensorineuronal 
hearing loss, the vibration is heard louder in the normal ear. 
The Rinne test, which is performed by placing the stem of a 
vibrating tuning fork on the mastoid bone, compares air con-
duction with bone conduction in the abnormal ear. When the 
patient can no longer hear the vibration, the tines of the 
vibrating tuning fork are placed 1–2 in. outside the external 
acoustic meatus. A patient with normal conductive hearing 
continues to detect the vibration for about twice as long as it 
was heard on the mastoid bone. In contrast, a patient with 
abnormal conduction is unable to hear the vibration when the 
tuning fork is vibrated outside the external acoustic meatus.

Evaluation of the vestibular portion of the CN VIII 
requires assessment of eye movements to look for evidence 
of nystagmus, gait examination, and station. As described, 
Romberg’s sign may be abnormal in that the patient sways or 
falls to the side of the hypofunctioning vestibular nerve. 
Another test of vestibular function, the Unterberger test, 
requires the patient to step in place for 1 min. If the patient 
has a unilateral hypofunctioning vestibular nerve, he or she 
gradually turns in that direction. In one study of patients with 
acoustic neuromas, the Unterberger test was more sensitive 
than Romberg’s sign for detecting vestibular abnormalities 
(71% vs 39%, respectively) [8].

CN IX and CN X (glossopharyngeal and vagus nerves, 
respectively) are tested simultaneously by checking the gag 
reflex, elevation of the soft palate, and uvula. The gag reflex 
and palatal elevation are depressed on the ipsilateral side of 
a patient with a lesion affecting the nucleus or nerve fascicles 
of CN IX or CN X. The uvula deviates contralateral to the 
side of cranial nerve dysfunction because unopposed action 
of the intact palatal muscles pulls the uvula toward that side.

CN XI (accessory nerve) innervates the sternocleidomas-
toid and trapezius muscles. Its function can be tested by hav-
ing the patient turn his or her head against resistance on each 
side and shrugging the shoulders.

CN XII (hypoglossal nerve) function is evaluated by 
observing tongue movements and strength. The ventral 
aspect of the tongue is inspected for signs of atrophy or fas-
ciculation seen ipsilateral to the side of a lower motor neuron 
hypoglossal lesion.

 Additional Testing

When a lesion of the CPA is suspected based on the clinical 
presentation and physical examination findings, additional 
testing may aid in narrowing the differential diagnosis as well 
as guide further treatment. For example, pure tone audiome-
try can be used to objectively measure bone and air conduc-
tion for the frequencies 125, 250, 500, 1000, 2000, 4000, and 
8000 Hz. The degree of hearing dysfunction may guide treat-
ment recommendations in the setting of vestibular schwan-
nomas. In addition, caloric stimulation can be performed to 
measure damage to the superior vestibular nerve through the 
lateral semi-circular canal. However, this test is not com-
monly performed in the alert patient and is more commonly 
used to assess brainstem function in the comatose patient.

As vestibular schwannomas are perhaps the most well- 
studied pathology of the CPA, further discussion regarding 
the clinical workup is warranted. Additional tools to evaluate 
vestibular schwannomas include auditory brainstem response 
testing and magnetic resonance imaging (MRI). The Congress 
of Neurological Surgeons Systematic Review and Evidence-
Based Guidelines on Otologic and Audiologic Screening for 
Patients with Vestibular Schwannomas recommends that 
MRI screening be performed in patients with ≥10 dB of inte-
raural difference at two or more contiguous frequencies 
or ≥15 dB at one frequency [8]. In addition, MRI can also be 
used to evaluate patients with sudden sensorineural hearing or 
asymmetric tinnitus. However, this practice is low yield in 
terms of vestibular schwannoma diagnosis (<3% and <1%, 
respectively) [8]. A detailed review of imaging of the CPA is 
available elsewhere in this text (see Chap. 3).

 Brainstem Syndromes

A CPA lesion that extends to the brainstem extraaxially or 
one that originates intraaxially may become symptomatic 
with a constellation of neurological findings referable to the 
brainstem. In this section, some of the classic brainstem syn-
dromes referable to the pons and medulla are reviewed 
(Table 4.3).

The lateral pontine syndrome (Marie–Foix syndrome) 
consists of ipsilateral cerebellar ataxia (middle cerebellar 
peduncle), contralateral hemiparesis (corticospinal tract), 
and contralateral hemihypesthesia for pain and temperature 
(spinothalamic tract) [9, 10].

The lateral medullary syndrome (Wallenberg syndrome), 
which is most often associated with occlusion of the ipsilat-
eral intracranial vertebral artery or the posterior inferior cer-
ebellar artery, may also be associated with neoplasms, 
demyelinating disease, hematomas, or abscesses. The char-
acteristic findings include ipsilateral facial hypalgesia (spi-
nal trigeminal tract); hypalgesia of the contralateral trunk 
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Table 4.3 Brainstem syndromes

Syndrome Location Findings
Wallenberg 
syndrome

Lateral 
medullary

Ipsilateral facial hypalgesia 
(spinal trigeminal tract)
Contralateral trunk and 
extremity hypalgesia (lateral 
spinothalamic tract)
Ipsilateral palatal, pharyngeal 
and vocal cord dysfunction 
with dysarthria and dysphagia 
(nucleus ambiguus, CN IX, X 
motor)
Ipsilateral Horner syndrome 
(descending sympathetic 
fibers) Vertigo, nausea, and 
vomiting (vestibular nuclei)
Ipsilateral cerebellar signs 
(inferior cerebellar peduncle 
and cerebellum)

Lateral 
pontomedullary 
syndrome

Lateral 
pontomedullary

Lateral medullary syndrome
Ipsilateral facial weakness (CN 
VII)
Ipsilateral tinnitus and/or 
hearing disturbances (CN VIII)

Marie–Foix 
syndrome

Lateral pontine Ipsilateral cerebellar ataxia 
(middle cerebellar peduncle)
Contralateral hemiparesis 
(corticospinal tract)
Contralateral pain and 
temperature loss (lateral 
spinothalamic tract)

Foville’s 
syndrome

Dorsal pontine, 
caudally

Contralateral hemiplegia with 
facial sparing (corticospinal 
tract)
Ipsilateral peripheral facial 
palsy (facial nucleus and/or 
fascicle CN VII)
Contralateral forced gaze 
(parapontine reticular 
formation ± abducens)

Raymond–
Cestan–Chenais 
syndrome

Dorsal pontine, 
rostrally

Ataxia and coarse tremor 
(cerebellar pathways)
Contralateral sensory deficit, all 
modalities (medial lemniscus 
and spinothalamic tract)

Millard–Gubler 
syndrome

Ventral pontine, 
caudally

Contralateral hemiplegia 
(sparing the face) 
(corticospinal tract)
Ipsilateral abduction 
impairment (CN VI)
Ipsilateral peripheral facial 
palsy (CN VII)

CN cranial nerve

and extremities (lateral spinothalamic tract); ipsilateral pala-
tal, pharyngeal, and vocal cord dysfunction associated with 
dysarthria and dysphagia (nucleus ambiguus, CN IX, CN X 
motor); ipsilateral Horner syndrome (descending sympa-
thetic fibers) of ptosis, miosis, and hypohidrosis; vertigo, 
nausea, and vomiting (vestibular nuclei); and ipsilateral cer-
ebellar signs (inferior cerebellar peduncle and cerebellum). 
The presence of all of these findings is unusual. However, the 

presence of a majority of these findings strongly implicates 
the lateral medulla as the site of dysfunction [11, 12].

A similar brainstem syndrome, the lateral pontomedullary 
syndrome, includes the same elements as the lateral medul-
lary syndrome. It also may include ipsilateral facial weak-
ness (CN VII), ipsilateral tinnitus, and/or hearing disturbances 
(CN VIII) [13, 14].

The dorsal pontine syndrome, Foville’s syndrome, occurs 
when a lesion involves the dorsal pontine tegmentum in the 
caudal portion of the pons. This syndrome consists of contra-
lateral hemiplegia with facial sparing (corticospinal tract); 
ipsilateral peripheral facial palsy (facial nucleus and/or fas-
cicle CN VII); and contralateral forced gaze owing to impair-
ment of the ipsilateral parapontine reticular formation, 
abducens nucleus, or both [15].

Another dorsal pontine syndrome, the Raymond–Cestan–
Chenais syndrome, occurs from a lesion involving the dorsal 
pons rostrally. The typical findings include cerebellar ataxia 
with a coarse tremor (cerebellar pathways) and contralateral 
sensory deficit to all modalities (medial lemniscus and spi-
nothalamic tract). With ventral extension, contralateral hemi-
paresis (corticospinal tract) and/or an ipsilateral gaze palsy 
occur (parapontine reticular formation) [10, 15].
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5Approaches to the Cerebellopontine 
Angle

Shervin Rahimpour, Ali R. Zomorodi, Patrick J. Codd, 
Max O. Krucoff, Allan H. Friedman, 
and L. Fernando Gonzalez

 Introduction

The cerebellopontine angle (CPA) is formed by the petrosal 
cerebellar surface, middle cerebellar peduncle, lateral pons, 
petrosal surface of the petrous bone, and clival portion of the 
occipital bone. While only accounting for 10–15% of intra-
cranial tumors, CPA tumors are the most common tumors of 
the posterior fossa. Vestibular schwannomas (VS) account 
for 85% of masses in this region, while meningiomas, epi-
dermoids (primary cholesteatomas), and trigeminal, facial, 
and lower cranial nerve schwannomas constitute the major-
ity of non-VS CPA tumors [1]. The three primary approaches 
to the CPA are the retrosigmoid, translabyrinthine, and mid-

dle fossa approaches. The optimal approach for a given 
patient depends on the tumor’s growth pattern (e.g., the mid-
dle fossa approach is suboptimal for tumors with extensive 
growth in the CPA), the patient’s hearing status, the sur-
geon’s expertise in a given approach, and the goals of the 
operation. Furthermore, the density of crucial structures in 
this region makes careful preoperative assessment and plan-
ning essential in complication avoidance [2]. The retrosig-
moid approach allows for hearing preservation and resection 
of lesions with significant extension into the CPA, though it 
requires cerebellar retraction and offers limited access to the 
fundus of the internal auditory canal (IAC). In contrast, the 
translabyrinthine approach requires very little brain retrac-
tion and has no limitation on tumor size or IAC exposure but 
does require sacrificing hearing. The middle fossa approach, 
while maintaining hearing preservation, is limited by the 
extension of the mass lesion into the CPA (~10 mm). In this 
chapter, we elaborate on these approaches and their varia-
tions. We emphasize that these approaches are a continuum 
of trajectories progressing from an exposure of the face of 
the petrous bone (retrosigmoid approach) to an anterior view 
of the brainstem (middle fossa approach; Fig. 5.1). Exposure 
and comparison of the three main approaches in the context 
of a VS are summarized in Tables 5.1 and 5.2.
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Fig. 5.1 A schematic view of surgical approaches to the cerebellopontine angle (CPA) in the axial plane. CPA exposures gradually progress from 
a more anterior view of the brainstem (middle fossa approach) to the face of the petrous bone (retrosigmoid approach)

Table 5.1 Summary of surgical approaches to the cerebellopontine angle

Approach Limits of exposure Advantages Disadvantages Anatomic structures exposed
Middle fossa Medial—clivus

Inferior—lower pons, 
pontomedullary 
junction
Lateral—IAC
Anterior—petrous 
carotid artery

Extradural petrous 
apex resection 
minimizes lobe 
retraction
Preservation of hearing 
and vestibular 
apparatus

Risk of hearing loss
Temporal lobe retraction

Intrapetrous carotid artery; IAC; pons; 
basilar artery; AICA; CNs V, VI, VII, and 
VIII

Retrolabyrinthine Superior—middle 
fossa dura/tentorium
Inferior—jugular 
bulb/foramen
Posterior—brainstem 
and cerebellum
Anterior—petrous 
bone
Medial—midline/
basilar artery

No cerebellar retraction 
required
Anterior view 
trajectory of brainstem 
compared to 
retrosigmoid

Obligatory hearing loss Labyrinth, sigmoid sinus, CNs VII and VIII

Translabyrinthine Superior—tentorium
Inferior—jugular bulb
Anterior—carotid 
artery
Medial—clivus

Minimal brain 
retraction
Anterior viewing 
trajectory of brainstem

Obligatory hearing loss Cerebellar hemisphere; pons; upper 
medulla; CNs V, VI, VII, VIII, IX, X, and 
XI; cochlea; labyrinth; middle ear; ossicles; 
petrous internal carotid artery

Retrosigmoid Superior—tentorium
Inferior—foramen 
magnum
Anterior—petrous 
bone

Preservation of bony 
labyrinth

May require significant 
cerebellar retraction, limited 
view of anterior brainstem

Cerebellar hemisphere; lateral pons; CNs 
IV, V, VI, VII, VIII, IX, X, and XI; 
vertebrobasilar complex

AICA anterior inferior cerebellar artery, CN cranial nerve, IAC internal auditory canal
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Table 5.2 Summary of surgical approaches for vestibular schwannomas

Feature Retrosigmoid Translabyrinthine Middle fossa
Size limitation None None Minimal CPA extension
Hearing 
preservation

Possible No Possible

Risk of facial 
nerve palsy

Dependent on size Low Moderate

Risk of CSF leak Moderate Moderate Low
Application Serviceable hearing, posterior fossa tumor with 

minimal intracanalicular extension (6 mm)
Nonserviceable hearing, no 
size limitation

Intracanalicular, less than 10 mm 
extension into the CPA

CPA cerebellopontine angle, CSF cerebrospinal fluid

Fig. 5.2 Retrosigmoid exposure of the cerebellopontine angle. 
Cerebrospinal fluid (CSF) drainage and opening of the lumbar drain 
minimize the need to retract the cerebellum. In this extended view, 
lower cranial nerves and vertebral artery are visible

 Retrosigmoid Approach

The retrosigmoid approach is a versatile approach to the 
CPA and one with which most neurosurgeons are familiar. 
With various modifications, this approach can provide access 
to different levels of the CPA, including the tentorial inci-
sura, IAC, posterior part of the petrous bone, jugular fora-
men, and craniocervical junction (Fig. 5.2). With respect to 
VS, it allows for the possibility of hearing preservation. 
Success is dependent on the size of the lesion. Specifically, if 
the lesion is less than 1 cm in diameter from pons to petrous, 
the chance of preserving hearing is as high as 83% while this 
number decreases to 53% for lesions up to 2 cm in size [3]. 
The major limitation of this approach is the surgeon’s ability 
to follow tumors that have grown across the midline, anteri-
orly to the brainstem.

 Surgical Technique

Patient positioning can include semi-sitting, prone, three- 
quarters lateral, lateral oblique, supine oblique, Concorde, or 
supine with the head turned. The position varies by surgeon 
comfort and institutional experience. We favor the lateral or 
park-bench position to avoid risks to the cervical spine and 
impediment of venous outflow. Adequate padding is used to 
avoid compression or traction injuries to the peripheral 
nerves and compression of bony prominences. After induc-
tion of anesthesia, we routinely place a lumbar drain to mini-
mize retraction of the cerebellum. The incision for this 
approach is typically two fingerbreadths behind the pinna. 
Standard landmarks are used to locate the transverse sinus 
(imaginary line between the external occipital protuberance 
and the origin of the zygomatic arch or under the asterion) 
and the sigmoid (two fingerbreadths behind the ear aimed at 
the mastoid tip). We start the craniectomy at the transverse 
sigmoid junction. The junction is exposed and the posterior 
edge of the sigmoid sinus is skeletonized to permit the sur-

geon a view along the petrous bone. Venous bleeding is 
addressed with the use of hemostatic agents, such as 
Gelfoam®. Unavoidable exposure of the mastoid air cells 
should be waxed to prevent a cerebrospinal fluid (CSF) leak. 
Next, the lumbar drain is opened, and  ~30  cc of CSF is 
drained to provide adequate brain relaxation. Dura is opened 
in a semicircular fashion, with its base facing the sigmoid 
sinus. The cerebellum surface is covered and protected, after 
which gentle retraction can be applied. When resecting a VS 
by this approach, the IAC is opened before the tumor is deb-
ulked to avoid bone dust from entering the subarachnoid 
space. A petrous dural flap and a plate of bone wax can be 
used to protect the contents of the CPA during drilling. 
Residue trapping (i.e., with Gelfoam® or bone wax) is an 
effective means to prevent CSF contamination with products 
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that cause aseptic meningitis and headaches [4]. The drilling 
of the IAC should not exceed 7 mm as this may violate the 
vestibule and sacrifice hearing. (The depth in an individual 
patient can be measured on a preoperative magnetic reso-
nance imaging [MRI] or computed tomography [CT] scan.) 
Next, the superior and inferior corners of the tumor are 
removed to interrupt the blood supply. Dissection is started 
at the upper pole to radically debulk the tumor using ultra-
sonic aspiration and sharp technique. It is important to not 
move the tumor mass prior to separating the tumor from the 
cochlear nerve. Along the brainstem, the origin of the facial 
nerve will be obscured by the tumor overlying the vestibulo-
cochlear nerve. Proximally, the vestibular portion of the 
eighth nerve is cut in a “V” shape fashion, which frees the 
tumor from the inferior and superior vestibular nerves. 
Gradually, the tumor is thinned and sharply separated from 
the cochlear nerve. The nerve is kept moist using small 
pieces of Gelfoam® or cotton patties. Regardless of the 
approach used, intraoperative monitoring of the vestibuloco-
chlear and facial nerves is used to guide the dissection safely 
(further discussed below). On closure, all exposed air cells 
are again covered with bone wax to prevent a CSF leak. The 
dura is closed in a watertight fashion. The lumbar drain can 
be left in place postoperatively at the surgeon’s discretion to 
help prevent a leak and aid in healing. An abdominal fat graft 
can also be used to fill the mastoidectomy. Details of our 
techniques for complication avoidance have been previously 
described [2].

 Transpetrosal Approaches

The supra/infratentorial exposure was popularized by 
Naffziger in 1928 [5]. The technique was retrosigmoid and 
used for decompression of the posterior fossa. Much later, 
Hitselberger and House used a petrosal approach to the CPA, 
again targeting only the posterior fossa. Shortly thereafter, 
King and Morrison combined these approaches (presig-
moid–supra/infratentorial exposure), referred to as petrosal 
approaches of the petroclival region. These techniques have 
since been advanced with the use of the operating micro-
scope, including the translabyrinthine approach and transco-
chlear by House and later the transotic approach by Jenkins 
and Fisch [6, 7]. Approaches from retrosigmoid to transotic 
provide the surgeon with a progressively flatter trajectory to 
the clivus. The translabyrinthine approach is useful when 
greater exposure of the lateral segment of the internal acous-
tic meatus is needed. The transotic approach can be utilized 
if further exposure of the temporal bone is needed, which 
requires skeletonization of the facial nerve and resection of 
the external acoustic meatus. If exposure of the petrous inter-
nal carotid artery is needed, the transcochlear approach can 

be used, which requires posterior mobilization of the facial 
nerve and removal of the cochlea (Table 5.3).

 Retrolabyrinthine Approach

First described by Hitselberger and Pulec [8] for trigeminal 
neurectomy, the retrolabyrinthine approach is a workhorse 
approach to the CPA. This approach has several advantages, 
including decreased morbidity and hearing preservation. 
However, the exposure often does not provide a sufficient 
working area [9]. Surgically, a C-shaped flap is raised, and 
the mastoid surface is exposed. The asterion marks the pos-
terior limit of the cortical bone removal. The sigmoid sinus is 
skeletonized, and the mastoid antrum is opened. The volume 
of bone inferior to the horizontal semicircular canal localizes 
the facial nerve. The exposure is defined by uncovering 
Trautmann’s triangle, an area of dura with an inferior vertex 
(jugular bulb), limited by the sigmoid sinus posteriorly and 
the otic capsule anteriorly. The origins of the seventh and 
eighth cranial nerves at the brainstem can be seen in this 
view. The exposure can be enlarged with a combined retrosi-
gmoid approach, leaving the sinus in the middle of the expo-
sure. The sinus can be sacrificed based on angiographic 
criteria [10]. The narrow corridor of standard retrolabyrin-
thine approach as well as potential injury of the endolym-
phatic sac (running medial to the sigmoid sinus and inferior 
to the posterior semicircular canal, communicating through 
the vestibular aqueduct) are its disadvantages. In general, the 
exposure achieved through the presigmoid approaches is 
influenced by four specific anatomic characteristics: the level 
of temporal bone aeration, the size of Trautmann’s triangle, 
the angle of the petrous slope (angle between the anterior 
sigmoid sinus and the petroclival fissure at the level of the 
IAC), and the height of the jugular bulb. Aeration can help 
facilitate intraoperative identification of landmarks (e.g., 
labyrinth, fallopian canal) opposed to a sclerotic temporal 

Table 5.3 Summary of transpetrosal approaches

Approach Temporal bone
Retrolabyrinthine Preserves posterior and superior semicircular 

canals (preserves hearing); narrow corridor of 
access.

Transcrusal Superior and posterior semicircular canals are 
removed from ampullae to common crus

Translabyrinthine Vestibule and horizontal canal are opened 
(hearing sacrificed) and lateral portion of internal 
acoustic meatus

Transotic Complete removal of semicircular canals 
skeletonization of facial nerve

Transcochlear Transotic, with posterior translation of facial 
nerve, removal of cochlea and exposure of 
petrous internal carotid artery
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bone, which makes drilling more difficult and time- 
consuming. The impact of the height of the jugular bulb on 
the presigmoid approach has been well established. 
Specifically, a high jugular bulb allows for a smaller working 
area inferior to the IAC [11]. However, a full assessment of 
the dural exposure requires determining the distance between 
the sigmoid sinus to labyrinth and the jugular bulb to petrous 
ridge. In a study by Tubbs and colleagues, cadaveric speci-
mens were found to have Trautmann’s triangle areas ranging 
from 45 to 210 mm2 (mean 151 mm2) [12]. These specimens 
were categorized into three types, where type 1 (<75 mm2) 
had a prohibitively small working area, type 2 (75–149 mm2) 
had a potentially workable area, and type 3 (>150 mm2) had 
the largest working corridor. In a larger analysis of 177 com-
puted tomography scans, Wong and colleagues established 
the petrous angle to assess the “openness” of the posterior 
petrous bone and accessibility of Trautmann’s triangle. This 
analysis revealed that a smaller angle can make a presigmoid 
approach more difficult. Consideration of these temporal 
bone characteristics can guide an optimal surgical strategy.

 Translabyrinthine Approach

To gain access to the lateral recess of the IAC, hearing must 
be sacrificed. The translabyrinthine approach is ideal for 
tumors of all sizes when hearing is severely compromised 

prior to surgery. Similar to the retrolabyrinthine approach, a 
C-shaped skin incision is made approximately 1 cm superior 
to the auricle at the anterior most aspect of the ear behind the 
sigmoid, extending to the mastoid tip. Drilling follows the 
retrolabyrinthine approach. The mastoidectomy is completed 
to the point of exposing the antrum. Next, the incus is identi-
fied, which points in the direction of the facial nerve 
(Fig. 5.3a). The junction between the horizontal and poste-
rior semicircular canals (also known as the vestibule) consti-
tutes the lateral wall of the IAC. It is opened, and the IAC is 
exposed superiorly, posteriorly, and inferiorly (270° of expo-
sure). Inside the IAC, the vertical crest (Bill’s bar) separates 
the facial nerve and the superior vestibular nerve. The facial 
nerve is anterior while the superior vestibular nerve is poste-
rior. Early identification of the facial nerve is an advantage of 
this approach in preserving facial nerve function. Once the 
dura is opened, the intracanalicular and vertical portions of 
the facial nerve can be followed through or around the tumor 
(Fig.  5.3b). In the case of a VS, the superior and inferior 
vestibular nerves are cut. The tumor is separated from the 
facial nerve in the IAC.  The intracisternal portion of the 
tumor is stimulated to ensure that the facial nerve has not 
been displaced posteriorly. The tumor is opened, radically 
debulked, and separated from cerebellum. Stimulation of the 
tumor capsule throughout the resection is critical to elucidate 
the course of the facial nerve around the tumor and preserve 
function.

a b

Fig. 5.3 Transpetrosal approaches such as the translabyrinthine 
approach provide a more anterior view of the brainstem when compared 
to the retrosigmoid. (a) The early stage of the translabyrinthine 
approach reveals Trautmann’s triangle. Note that the tip of the incus 

points toward the vertical or mastoid portion of the facial nerve. (b) The 
dura is opened and the contents of the posterior fossa are exposed 
including the anterior inferior cerebellar and basilar arteries as well as 
lower cranial nerves
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Partial labyrinthectomy (also known as the transcrusal 
approach) has been described by McElveen and Wilkins 
[13]. To improve exposure, this modified approach sacrifices 
the superior and inferior canals from ampullae to common 
crus. Similarly, after identification of the superior and poste-
rior canals, Horgan and colleagues perforate the apex of 
canals after which the exposed ends are filled with mixtures 
of bone wax and dust. Drilling is then continued toward the 
common crus and ampullae [14].

 Transcochlear Approach

While not particularly useful for the resection of a VS, the 
transcochlear approach is a direct approach to the petrous 
tip, midclival, and prepontine region. This approach maxi-
mizes exposure by extending bony removal in the presig-
moid and translabyrinthine approaches, which results in a 
wide corridor to the midclival region and anterior brainstem. 
The original transcochlear approach as described by House 
and Hitselberger involves complete skeletonization and 
mobilization of the facial nerve posteriorly [15]. It requires 
cutting the greater superficial petrosal nerve (GSPN) as it 
emerges from the geniculate ganglion. After the nerve is 
mobilized, the cochlea is entered. A more extensive approach 
involving facial nerve rerouting and high cervical exposure 
was introduced by Fisch to treat extensive glomus jugulare 
tumors [7]. Rerouting or translocation of the facial nerve 
invariably causes moderate to severe facial nerve deficits. 
Variations of this approach include the transotic approach in 
which the facial nerve is not mobilized but the external audi-
tory canal is occluded and resected. Drilling is continued 
through the petrous apex and inferior petrosal sinus. The 
petrous internal carotid artery constitutes the lateral aspect of 
the exposure.

Our group has described a less invasive transjugular 
approach with fallopian bridge technique in which a thin 
layer of cortical bone is left to cover the fallopian segment of 
the facial nerve from genu to the stylomastoid foramen. The 
mastoid tip is maximally skeletonized and infrajugular drill-
ing is carried down into the occipital condyle until the hypo-
glossal canal is exposed. Our experience with this less 
invasive approach has provided adequate tumor resection 
and improved cranial nerve preservation compared to more 
extensive approaches [16].

 Middle Fossa Approach

First described by Parry in 1904 and later popularized by 
House, the middle fossa approach is utilized in cases where 
there is an opportunity for hearing preservation and the 
lesion is located in the IAC [15, 17]. Importantly, however, 

intracanalicular lesions on preoperative imaging may be 
flush against the fundal region (fundal cap VS), which is pre-
dictive of poor postoperative hearing outcomes [18]. The 
presence of CSF in the fundal region on preoperative imag-
ing leads to higher rates of postoperative measurable hearing 
[18]. This approach provides a direct exposure of the IAC 
and its contents from a superior trajectory. The subarach-
noid/cisternal, intracanalicular, labyrinthine, horizontal, and 
tympanic segments of the facial nerve can be exposed. 
Moreover, the facial nerve can be identified early, making it 
less susceptible to injury during tumor dissection. Drawbacks 
of this approach include limited exposure of the lower por-
tion of the CPA and the morbidity associated with retraction 
of the temporal lobe. Additionally, tumors of the inferior ves-
tibular nerve can displace the facial nerve superiorly making 
it susceptible to injury during tumor dissection. Because the 
bulk of the tumor will then be located inferior to the tumor in 
a narrow corridor, the nerve is subjected to greater manipula-
tion, so a higher risk of postoperative facial weakness is 
present.

 Surgical Technique

The patient is placed in the lateral position where the long 
axis of the head is positioned parallel to the floor, with the 
ear facing the ceiling and the neck slightly extended. A verti-
cal incision is made anterior to the tragus and perpendicular 
to the zygomatic arch. Fascia and temporal muscle are 
exposed and opened with Bovie electrocauterization and 
then retracted with self-retractors or fishhooks. The superior 
extent of the exposure is the bone below the squamous 
suture. The craniotomy, which is square, is planned so that a 
third is positioned posterior to and the remaining two-thirds 
are positioned anterior to the external acoustic canal. This 
strategy will adequately expose the floor of the middle fossa. 
Particular attention must be paid to ensure the floor is flush 
to improve visualization and minimize retraction on the tem-
poral lobe. The dura is then elevated in a posterior-to- anterior 
direction to prevent pulling on the GSPN and damaging the 
facial nerve. The zygomatic root can be split into thirds, 
where the anterior third is lateral to the foramen ovale and 
the mandibular branch of the trigeminal nerve (V3), the mid-
dle third is directly lateral to the foramen spinosum and the 
middle meningeal artery, and the posterior third is lateral to 
the geniculate ganglion. The petrous bone medial to the 
GSPN is partially removed using a diamond drill. The IAC is 
first exposed medially at its meatus. Here there are no impor-
tant neural or vascular structures between the superior semi-
circular canal and the gasserian ganglion. The IAC can be 
exposed for 270°. The surgeon continues the lateral exposure 
of the IAC, being aware that the cochlea and superior semi-
circular canal restrict lateral exposure at the fundus. After the 
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GSPN, arcuate eminence, and petrous ridge are identified, 
the IAC can be localized using any of the following three 
techniques:

 1. Garcia–Ibanez technique: This technique builds off of the 
relationship between the GSPN and the arcuate emi-
nence. Bisecting this 120° angle provides the site at which 
drilling the temporal bone exposes the IAC.

 2. Fisch technique: A similar technique involves drawing a 
line over the long axis of the arcuate eminence and a sub-
sequent line 60° from the original line. This second line 
provides the location of the IAC, typically 3–4 mm below 
the petrous ridge and as much as 7 mm below the floor of 
the middle fossa.

 3. House technique: Once the GSPN is identified, the floor 
of the middle fossa can be drilled to identify the genicu-
late ganglion and then to follow the labyrinthine portion 
of the facial nerve medially until the IAC is reached. The 
function between the geniculate ganglion and the facial 
nerve is not on the same plane as the IAC; therefore, most 
of the geniculate ganglion must be uncovered to expose 
the facial nerve medially. This exposure extends to the 
posterior limit (superior semicircular canal), anterior 
limit (petrous ridge), and laterally (cochlea). Once the 
roof of the IAC has been drilled, the vertical crest (Bill’s 
bar) is identified, which separates the facial nerve from 
the superior vestibular nerve. Inside the IAC is the meatal 
portion of the anterior inferior cerebellar artery. This 
anatomy of the parent vessel can be variable with a per-
centage of loops (64%) projecting to the meatus or into 
the IAC [19]. Early identification and preservation of 
these branches are essential in preservation of hearing.

 Extended Middle Fossa Approach

House and Hitselberger first described a region in the middle 
fossa that could be removed with relative impunity. This 
technique was modified for the treatment of low-neck basilar 
tip aneurysms (between the sellar floor and IAC on lateral 
projection) and resection of petroclival meningiomas. Day 
and colleagues formalized a geometric construct of compart-
ments in and adjacent to the cavernous sinus. The postero-
medial triangle (Kawase’s triangle) is limited by the porus 
trigeminus, cochlea, and the posterior border of the mandib-
ular branch. This region is devoid of vascular or nerve 
branches. In this approach, the patient is positioned as 
described for a traditional middle fossa approach. The crani-
otomy varies depending on the extent of anterior exposure 
needed to include the posterior portion of the cavernous 
sinus. The petrous apex is exposed extradurally, and the dura 
is again elevated in a posterior-to-anterior fashion. Anteriorly, 

the foramen spinosum is identified and the middle meningeal 
artery coagulated with bipolar cautery.

In this extended exposure, the basilar artery and the emer-
gence of both the anterior inferior cerebellar artery and abdu-
cens nerve are visible medially (Fig.  5.4). Posteriorly, the 
nerves of the IAC are visible. The brainstem is exposed from 
the medullopontine sulcus and the anterolateral portion of 
the pons between the trigeminal and facial nerves.

 Endoscopic Approach

Endoscopy of the CPA has become an increasingly popular 
technique, though the inherent complexity and crowdedness 
of the posterior fossa anatomy has prevented its widespread 
use. The surgical endoscope was first introduced to CPA sur-
gery in 1917 by Doyen for trigeminal neurectomy. With the 
advent of the operative microscope, endoscopic techniques 
took a secondary role. Recently, improved technology target-
ing lighting, magnification, and angled optics has reinvigo-
rated the use of endoscopy in skull-base surgery. These 
technical advances over the past 20 years have allowed for 
combined endoscopic and microsurgical exposures for a 
variety of different pathologies, including VS, petroclival 
meningioma, epidermoid tumor, arachnoid cyst, and neuro-
vascular compression syndromes [20–25]. Purely endo-
scopic approaches have been described for the resection of a 
VS [26, 27]. When the endoscope is used as a supplementary 
tool to assist in primarily microscopic procedures, endo-
scopic assistance helps in expanding the surgical field and 
improving the visualization around neurovascular corners, 
thereby increasing the resection volume of CPA lesions. 

Fig. 5.4 In an extended middle fossa approach, removal of the postero-
medial triangle reveals midline structures, including the abducens nerve 
and basilar artery
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Especially with angled lenses, trajectories can be visualized 
distinct from the primary working trajectory. These blind 
spots are specific to the approach being used. For example, in 
the retrosigmoid approach, the anterior surface of cranial 
nerves VII–X, ventral surface of the trigeminal nerve or vari-
ous foramina, or IAC cannot be visualized. In the middle 
fossa approach, the inferior and lateral CPA as well as the 
CPA posterior to the IAC cannot be seen. Takemura and col-
leagues formally demonstrated superior visualization with 
endoscopic assistance of the CPA [28]. Specifically, the 
endoscope improved views of the junction of the trigeminal 
nerve and the pons, the entrance into the porus of Meckel’s 
cave, and the course of the superior cerebellar artery. 
Inferiorly, the endoscope improved visualization of the root 
exit zone of the facial nerve from the brainstem, the medul-
lary junction, and the dural exits of cranial nerves IX–
XI.  Combined with angled instrumentation, surgical 
dissections can be performed in these regions that are other-
wise obscured by a direct linear viewing trajectory.

One major concern with navigation of an endoscope in 
the limited corridor of the CPA is injury of the cranial nerves 
due to trauma or thermal injury. Inadvertent collateral injury 
to tissues may occur as the result of improper endoscope 
holding techniques and inappropriate side-to-side motions of 
the scope. Likewise, insertion of instrumentation blindly 
behind the viewing space of the endoscope can lead to injury 
to unseen structures as the instrument is brought to the 
 viewing field. Familiarity with instrumentation and careful 
handling of both endoscopes and associated instruments are 
essential for safe endoscopic-assisted surgery.

As previously discussed by Ebner and Abolfotoh [29, 30], 
adjunctive use of the endoscope emphasizes additional visu-
alization through the same exposure as a microscopic 
approach compared with the same visualization through a 
smaller exposure. In general, with any endoscopic approach, 
particularly with respect to approaches of the CPA, it is 
imperative that the surgeon be comfortable with the endo-
scope and CPA anatomy.

 Neuromonitoring and Anesthetic 
Considerations

By virtue of their location, CPA lesions are close to the abdu-
cens, facial, vestibulocochlear, glossopharyngeal, and vagus 
cranial nerves, thus making these nerves susceptible to injury 
with microsurgical resection. The advent of intraoperative 
neuromonitoring has led to improvements in structural and 
functional preservation of the cranial nerves. Several moni-
toring techniques have been described with particular focus 

on the facial and vestibulocochlear nerves: electromyogra-
phy (EMG) for facial nerve monitoring and brainstem audi-
tory evoked potential (BAEP) monitoring for the 
vestibulocochlear nerve.

 Facial Nerve Monitoring

EMG is widely used as a means of monitoring facial nerve 
function. Monitoring in this modality includes a stimulator 
probe and sensors for detection of facial muscle contraction. 
Typically, a two-channel system is used in which a pair of 
needle electrodes is planted in the orbicularis oris and orbi-
cularis oculi muscles while another is placed in the forehead 
or shoulder for grounding. Additional channel systems to 
monitor more facial muscles that may provide increased sen-
sitivity and benefit have been described [31]. Prior to the 
beginning of the operation, baseline parameters (i.e., motor 
unit potentials [MUPs], insertion activity) are obtained for 
comparison. The stimulator probe is then used during the 
operation, preferably near the brainstem as this area is unaf-
fected by the tumor and resection. The stimulation current 
can be modulated. When the stimulation current exceeds the 
action potential threshold of the facial nerve, facial muscles 
twitch, which triggers a sound alarm, providing immediate 
feedback for the surgeon. The morphology and frequency of 
the motor unit potential (MUP) provides insights into facial 
nerve pathology. A single MUP is a “spike” while a short 
sequence of MUPs is termed a “burst.” When this activity is 
sustained, it is designated as a “train,” and those of particu-
larly high frequency (>30  Hz) are termed “neurotonic.” 
Neurotonic discharges can occur as a result of stimulation, 
irritation, or damage to the nerve. Specifically, the A-train, 
which is characterized as a high-frequency train pattern—
with the duration lasting milliseconds to seconds, amplitude 
in the range of 100–200 μV, and short onset and offset—has 
been associated with postoperative facial nerve deficits. In 
fact, the duration of the train time has been shown to corre-
late with worse postoperative facial nerve paresis. EMG is 
useful for anatomic localization of the facial nerve. In cases 
where tumor capsule or bone obscures direct visualization of 
the facial nerve, stimulation at low currents (e.g., 0.2 mA) 
implies the nerve is exposed whereas higher currents (e.g., 
0.5 mA) suggest a sizable tissue barrier. Despite its benefits, 
EMG does not always translate to true nerve function and 
runs the added risk of causing electrical injury from over-
stimulation. Intense or prolonged stimulation can increase 
the risk of irreparable nerve injury. To that end, low fre-
quency and pulsed stimulation along with judicious use of 
the stimulator can minimize injury risk.
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 Vestibulocochlear Nerve Monitoring

Operative damage to the vestibulocochlear nerve can be 
done by direct or traction injury or ischemic changes (e.g., 
occlusion, rupture, or vasospasm of the internal auditory 
artery). BAEP waves are a measure of the bioelectric neural 
activity associated with stimulation of the vestibulocochlear 
nerve. In this form of monitoring, scalp and ear electrodes 
are placed and an auditory click (20–50 Hz) is used as the 
stimulating apparatus. These responses are typically small in 
comparison to background brain activity and, as a result, are 
difficult to detect. Trial averaged signals ideally yield evoked 
potentials classified as wave I through wave VII, of which 
waves I through V represent the peripheral cochlear nerve to 
the inferior colliculus. Waves I, III, and V carry the most 
clinical significance. Specifically, increased peak latencies, 
high interaural latency differences, decreased amplitudes, 
and increased interpeak (waves I–III, III–V, and I–V) laten-
cies are potentially concerning changes intraoperatively. 
These parameters are warning signs while waves I and V cor-
relate with better postoperative hearing preservation rates. 
Importantly, the surgeon should keep in mind that, because 
evoked potentials are average signals from multiple samples 
(>1000), there may be a time delay (seconds to minutes) in 
measuring the electrophysiologic effects from the surgery. 
While BAEP recordings can be altered by trauma, the sur-
geon should be cognizant of other factors including anesthe-
sia, hypothermia, and irrigation [32]. The utility of BAEP 
monitoring is largely patient-dependent as some patients 
may not have detectable BAEPs and others may have abnor-
mal baselines. In these circumstances, electrocorticography 
(ECoG) and direct cochlear nerve action potential (CNAP) 
can be more useful as these are “near-field” techniques in 
which stimulation evokes and records an electrical response 
close to its origin on the auditory nerve. For ECoG, elec-
trodes are positioned transtympanically on the middle ear 
promontory or intrameatal electrode. Direct CNAPs measure 
directly from the acoustic nerve. The recording electrode is 
placed directly on the acoustic nerve, often proximal to the 
tumor being resected. Like BAEP and ECoG, a click stimu-
lus is used, and the resulting compound muscle action poten-
tial is measured. Technical limitations in the surgical 
environment may make this method impractical for monitor-
ing. The advantage of these latter techniques is that the 
acquisition takes less time, leading to a more real-time 
response. Brainstem auditory evoked responses (BAERs) 
have predictive value in that a loss of wave V portends a poor 
hearing outcome, but the inverse is not necessarily the case. 
One method that has been postulated to account for hearing 
loss associated with a working vestibulocochlear nerve is 

loss of the cochlear blood supply via the labyrinthine artery. 
For example, delayed hearing loss may be a result of vaso-
spasm or swelling, causing occlusion of the artery. There has 
been some reported utility in topical papaverine or use of 
postoperative nimodipine in patients with delayed hearing 
loss [33, 34].

 Glossopharyngeal and Vagus Nerve 
Monitoring

Both the glossopharyngeal and vagus nerves contain sen-
sory, parasympathetic, and motor fibers. It is the motor fibers 
that are most amenable to neuromonitoring. The motor fibers 
of the glossopharyngeal nerve originate in the rostral nucleus 
ambiguus and supply the stylopharyngeus muscle. The 
motor fibers of the vagus nerve supply the striated muscula-
ture of the soft palate, pharynx, and larynx, but not the tensor 
veli palatini and stylopharyngeus. Monitoring of the glosso-
pharyngeal nerve can be done by placing electrodes in the 
lateral aspect of the palate to record from the stylopharyn-
geus muscle. This procedure can be performed with a manu-
ally curved needle or adhesive electrodes on a laryngeal 
mask airway [35]. Monitoring of the vagus nerve can be 
accomplished by EMG recording from the laryngeal mus-
cles, which can be done by wire electrodes built in the endo-
tracheal tube or laryngoscopic placement of electrodes 
placed in the laryngeal musculature. Both nerves can be 
identified by recording the stimulated compound muscle 
action potential. Stimulation can be performed by using 
bipolar or monopolar stimulation, with constant current or 
constant voltage stimulus, each with its own pros and cons 
[36]. In a study by Topsakal and colleagues, intraoperative 
monitoring helped identify the course of a nerve and reduced 
the risk of lower cranial nerve injury [37].

 Summary

The CPA can be approached with a variety of different tech-
niques largely based on clinical and imaging factors. 
Expertise in microneurosurgery and temporal bone anatomy 
is essential for successful execution. To review, the retrosig-
moid approach is the workhorse approach for neurosurgeons 
and is useful for tumors of all sizes. This approach is limited 
by the intracanalicular extent of the tumor. For pure intra-
canalicular tumors, the middle fossa and transpetrosal 
approaches are reasonable options. If the patient has service-
able hearing, the middle fossa approach is preferable. In the 
case that hearing is severely compromised, the transpetrosal 
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approaches, such as the translabyrinthine approach, are indi-
cated. Variations of these approaches and combined 
approaches are indicated for larger tumors, lesions anterior 
to the pons, clival lesions, and acoustic schwannomas. 
Endoscopic approaches have become increasingly popular 
given technical advances, though they remain limited to 
institutions with experience. Mastering these approaches to 
the CPA is essential to the armamentarium of a skull-base 
neurosurgeon.
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6Combined Surgical Approaches

Nicholas C. Bambakidis, Chad A. Glenn,  
Sam Safavi- Abbasi, and Robert F. Spetzler

The decision regarding which surgical approach to use dur-
ing exposure of the posterior fossa requires careful analysis 
by surgeons. The degree of exposure required is critical in 
determining the optimum route of attack. The need to visual-
ize the lesion and surrounding eloquent structures adequately 
so that resection can be undertaken safely must be weighed 
against the potential complications associated with each type 
of approach. In the axial plane, the skull-base of the posterior 
fossa can be exposed through multiple directions broadly 
classified as posterior or lateral approaches (Fig. 6.1a). In the 
sagittal plane, the options include supratentorial or infraten-
torial directions (Fig. 6.1b). In both cases, combinations of 
these approaches may allow the greatest degree of exposure. 
This strategy maximizes the potential for safe surgical resec-
tion of the pathology in question while limiting potential 
risks to the patient.

Some degree of petrosectomy is usually common to com-
bined approaches to the posterior fossa. Transpetrosal 
approaches entail some degree of petrous (temporal) bone 
resection [1]. Such bony removal allows maximal surgical 
exposure while minimizing brain retraction and typically 
requires the talents of both a neurosurgeon and a neuro- 
otologic skull-base surgeon. Combination approaches using 
an anterior petrosectomy and subtemporal craniotomy 
(Kawase’s approach) allow excellent exposure of the middle 

cranial fossa [2]. Likewise, a posterior petrosectomy can be 
combined with a far-lateral or subtemporal approach or both 
to provide an unimpeded view of the entire cranial base from 
the foramen magnum to the clivus to the sphenoid sinus [3–
5]. This combined approach allows exposure of cranial nerve 
(CN) III through CN XII, the anterolateral brainstem, and the 
posterior fossa vasculature from the vertebral artery to the 
basilar apex [6].
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Fig. 6.1 Angles of approach to the posterior fossa in the (a) axial and 
(b) sagittal planes can be classified broadly as posterior or lateral and 
supra- or infratentorial. (Reproduced with permission from Barrow 
Neurological Institute)
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In efforts to minimize brain retraction and cranial nerve 
manipulation, an endoscopic endonasal approach (EEA) to 
access the petroclival region has more recently been devel-
oped [7–9]. Similar to the team approach utilized for open 
transpetrosal approaches, the neurosurgeon and a rhinologist 
trained in endoscopic endonasal skull-base techniques work 
hand-in-hand. Used alone or in combination with open pos-
terior approaches, an expanded EEA like the endoscopic 
transclival and the endoscopic transmaxillary transpterygoid 
has been described for exposure of the clivus and petroclival 
region. These approaches are most useful when lateral expo-
sure beyond the internal auditory canal (IAC) is unnecessary. 
Dural exposure along the length of the clivus is obtained 
from a transclival route. The transpterygoid approach may be 
combined with an infrasphenoidal transclival exposure to 
widen the operative field off of the midline. A detailed under-
standing of endoscopic endonasal anatomy is required as 
numerous critical neurovascular structures confine the expo-
sure. These critical structures include the cavernous segment 
of the internal carotid artery (ICA), CN VI as it enters 
Dorello’s canal, the cisternal segment of CN V, the petrous 
and paraclival segments of the ICA, CNs VII/VIII as they 
enter the internal auditory canal, and the hypoglossal canal.

 General Considerations

For open approaches, we favor placing the patient in a supine 
position (Fig.  6.2). A shoulder roll allows rotation of the 
head laterally, accompanied by moderate flexion of the head 
toward the opposite shoulder. The head is positioned parallel 
to the floor, and the zygomatic arch is elevated. This simple 
and straightforward position usually enables excellent visu-
alization of the contents of the posterior fossa. Somatosensory 
evoked potentials (SSEPs) are monitored while the head is 
positioned. Changes in the waveforms may indicate compro-
mise of the vascular system or spinal compression. Extreme 
rotation and flexion, which can cause venous congestion and 
engorgement, must be avoided.

For large patients in whom contralateral head rotation is 
precluded due to neck compression or shoulder elevation, a 
modified park-bench position can be used. In this position, 
the dependent arm is supported by a sling and the ipsilateral 
shoulder is taped to minimize its profile. An axillary roll 
must be used to prevent brachial plexopathy. The park-bench 
position allows further rotation of the head and elevation of 
the mastoid process. This position is advantageous for 
approaching low-lying lesions and provides an operating 
angle to the anterior brainstem and foramen magnum [10]. In 
all cases, the patient is taped securely to the operating table 
to allow maximal flexibility in rotation if required.

Electrophysiological monitoring is used routinely during 
positioning and throughout surgery. Both brainstem auditory 
evoked responses and SSEPs of the extremities are measured. 

Cortical activity can be assessed with electroencephalogra-
phy. The latter confirms burst suppression during the admin-
istration of barbiturates. Facial nerve function is measured 
through recordings of the orbicularis oris muscle transduced 
to an audible click. Cerebrospinal fluid (CSF) is drained rou-
tinely to increase brain relaxation and to minimize the need 
for retraction. Postoperative lumbar drainage is associated 
with a reduction in complications related to CSF leakage [11] 
and typically continues 3–5 days after surgery.

In general, standard positioning for an EEA requires the 
patient to be in the supine position with the head elevated and 
slightly extended to optimize the approach angle. The head is 
positioned in the midline without rotation. Frameless intraop-
erative navigation is used to guide the exposure. A lumbar drain 
may be placed in selected cases. Epinephrine-soaked cottonoids 
are placed in the nasal cavity prior to beginning the procedure to 
provide topical decongestion. When necessary, mucosal injec-
tions with lidocaine and epinephrine may also be performed. 
General anesthetic conditions should avoid hypertension intra-
operatively as this may lead to excessive venous bleeding.

High-definition straight and angled endoscopes are used 
throughout the procedure. In general, the straight endoscope 
is used until the later stages of the procedure. Specialty endo-

Fig. 6.2 Supine positioning with placement of a log roll under the ipsi-
lateral shoulder. The head is mildly flexed and rotated toward the contra-
lateral shoulder. Elevation of the zygomatic arch allows simultaneous 
supratentorial and infratemporal exposure. Avoidance of extreme rota-
tion and flexion is important to avoid venous congestion and engorge-
ment. (Reproduced with permission from Barrow Neurological Institute)
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scopic endonasal microinstruments are used as these are 
typically longer than traditional microinstruments. Endonasal 
suction monopolar cautery and single-shafted bipolar cau-
tery are used to control bleeding. Venous bleeding is best 
controlled with hemostatic agents and cellulose packing. 
Similarly, longer and angled hand pieces for the high-speed 
drill are critical to these approaches. Diamond burs are pre-
ferred over traditional cutting burs in most situations. Most 
drilling over dural surfaces is continued until the bone has 
reached an “eggshell” thickness at which time Kerrison ron-
geurs are used to complete dural exposure.

Three- or four-hand binostril endoscopic endonasal surgery 
is performed. Resection or lateralization of the ipsilateral mid-
dle and inferior turbinates is commonly performed depending 
on the characteristics of the pathology. To achieve the working 
room needed in these approaches, a posterior septectomy and 
a complete ethmoidectomy are often performed. Navigated 
instruments such as the microdebriders, suction tips, and 
image-guidance probes greatly aid in identification of ana-
tomic variants as well as in evaluation of extent of resection. 
An endonasal Doppler ultrasound probe is helpful in identify-
ing the course of the ICA during exposure. Depending on the 
size and location of the defect, autologous grafts and synthetic 
materials as well as tissue sealant are used to provide a multi-
layered closure. Nasoseptal mucosal flaps supported by nasal 
packing are used in all cases for repair.

 Transpetrosal Approaches

Drilling the temporal bone increases exposure of the con-
tents of the posterior and middle fossae. Progressively 
aggressive bone removal increases the anatomic exposure 
obtained but likewise is accompanied by increasing rates of 
complications. Several variations of transpetrosal approaches 
have been named differently. In general, however, the poste-
rior petrosectomies are divided into the retrolabyrinthine, 
translabyrinthine, and transcochlear approaches (Table 6.1) 
and are briefly described [4, 12, 13]. The anterior transpetro-
sal (Kawase’s) approach is not described [2]. In all varia-
tions, a mastoidectomy is the initial step of bony exposure. 
Closure must be meticulous, and dural patch materials and 
fibrin glue can be used if necessary. The use of abdominal fat 
grafts and liberal lumbar spinal drainage are critical to pre-
vent postoperative CSF leakage.

The retrolabyrinthine approach involves the least amount 
of bony resection. The mastoid is drilled posterior to the 

labyrinth and cochlea, thus preserving hearing. When com-
bined with a far-lateral or retrosigmoid approach, the entire 
sigmoid sinus is skeletonized. All surrounding dural planes 
are exposed with a high-powered drill. Care must be taken to 
avoid injury to the endolymphatic sac, which runs medial to 
the sigmoid sinus and inferior to the posterior semicircular 
canal. Damage to this structure can cause hearing loss as a 
result of leakage of endolymphatic fluid [14].

Once the dura is opened, the contents of the posterior 
fossa anterior to the sigmoid sinus can be visualized 
(Fig. 6.3). When the patient’s venous anatomy permits [15, 
16], additional exposure may be obtained by sacrificing this 
sinus in combination with a traditional retrosigmoid crani-
otomy. In our experience, however, the marginal improve-
ment in surgical exposure seldom outweighs the added risk 
of venous complications and the time required to perform the 
bony resection. It is ideal for the treatment of vestibular neu-
rectomies (for which the retrolabyrinthine approach was 
developed), but its applications in other settings are limited.

Additional bone is removed in the translabyrinthine 
approach (Fig. 6.4a). Bony drilling proceeds much as with 
the retrolabyrinthine exposure, except that the entire facial 
nerve is skeletonized completely. The malleus and incus are 
removed, thus obliterating the middle ear. After a labyrin-

Table 6.1 Features of posterior petrosectomy approaches

Approach Hearing preservation Risk to facial nerve Risk of CSF leak Extent of exposure
Retrolabyrinthine Possible Minimal Low Least
Translabyrinthine No Minimal Moderate Mid
Transcochlear No High Moderate Most

From Bambakidis NC et al. [60]. Reproduced with permission from Journal of Neurosurgery

Fig. 6.3 Transcochlear exposure after complete skeletonization of the 
facial nerve (CN VII). CN VII may be transposed after the superficial 
petrosal and chorda tympani nerves are sectioned. Alternatively, CN 
VII may be left in situ after the external auditory canal is occluded. ICA 
internal carotid artery. (Reproduced with permission from Barrow 
Neurological Institute)
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Fig. 6.4 Operative exposure during combined approaches to the poste-
rior fossa. (a) The skin incision may extend below the foramen magnum 
along a paramedian course for the far-lateral exposure (dashed line). 
Extension superiorly in a curvilinear fashion over the pinna to the root 
of the zygoma allows a subtemporal craniotomy to be incorporated 
(dotted line). (b) A paramedian muscle-splitting approach is used to 
incorporate a far-lateral craniotomy (dashed line). Careful dissection of 

the soft tissue is critical for maintaining the correct surgical orientation 
and to avoid inadvertent injury to the vertebral artery. (c) A subtemporal 
craniotomy (dashed line) can be combined with this approach or can be 
performed in isolation. Care must be exerted while removing bone over 
the transverse sinus. (a: Modified from Baldwin HZ et al. [3], with per-
mission from Journal of Neurosurgery. b, c: Reproduced with permis-
sion from Barrow Neurological Institute)
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thectomy is performed (Fig. 6.4b), the dura may be opened 
to provide a view of the entire subarachnoid, intracanalicu-
lar, and vertical portions of the facial nerve. Used in isola-
tion, the translabyrinthine approach is excellent for the 
resection of acoustic neuromas in patients with preoperative 
hearing loss. When combined with a far-lateral and Kawase’s 
extended middle fossa approach (transtentorial and anterior 
transpetrosal approach) [15], excellent visualization of the 
entire lateral brainstem is obtained.

Expansion of the translabyrinthine approach through 
removal of the external auditory canal and middle ear and 
further exposure of the extended facial recess define the 
transcochlear approach (Fig. 6.3) [13]. Classically described 
as including transposition of the facial nerve after division of 
the chorda tympani and greater superficial petrosal nerves, 
this approach offers the widest approach to the clivus and 
anterior brainstem. In the transotic variation, the facial nerve 
is left in situ and the external auditory canal is occluded and 
resected [17]. This variation may lessen the risk of tempo-
rary or even permanent facial paresis associated with 
translocation.

 Combined Open Approaches

The above transpetrosal approaches can be combined with 
standard craniotomy techniques to obtain unimpeded views 
of the posterior fossa. The degree of exposure required 
depends on the location and extent of the lesion. In general, 
transtemporal approaches are added when lesions are large 
and extensive, when they involve the anterolateral brainstem 
or pontomedullary junction, or when they have a supratento-
rial component. The skin incision is easily incorporated and 
extended depending on the extent of approach desired 
(Fig. 6.4a). As noted, the position of the head depends on the 
rostral–caudal view required. The best view of the region of 
the foramen magnum and inferior brainstem is afforded by 
elevating the mastoid so that it is the most prominent point in 
the surgical field. Conversely, less rotation and greater eleva-
tion of the zygoma offer more direct visualization of more 
rostral structures and of the tentorium.

To incorporate the far-lateral approach, we now use a 
paramedian incision and muscle-splitting approach 
(Fig. 6.4b). The incision must be medial enough to allow 
exposure of the mastoid yet lateral enough to provide mid-
line exposure. When the muscle-splitting approach is used, 
the soft tissue must be dissected carefully to maintain the 
correct orientation and to avoid inadvertent injury to the 
vertebral artery. Constant manual palpation of the mastoid 
tip and lateral arch of C1 is mandatory. Helpful adjuncts 
include frameless stereotactic guidance. Subperiosteal dis-
section exposes the posterior fossa down to the level of the 
foramen magnum and to the laminae of C1 and C2. The 

incision and dissection can extend superiorly as desired up 
to the level of the transverse-sigmoid junction. The skin 
and muscle edges are reflected bilaterally with the aid of 
fishhooks.

Once identified, the vertebral artery is dissected from its 
location above the C1 lamina to its medial entry into the 
intradural compartment. Most challenging at this point in the 
procedure is the profuse bleeding, which can be encountered 
from the venous plexus surrounding the vessel. It is con-
trolled by judicious bipolar coagulation and the generous use 
of hemostatic agents. A craniotomy may then be performed, 
as previously described [10]. Careful dissection of the con-
dylar vein away from the foramen magnum allows a gener-
ous bone flap to be turned. Ideally, the dissection begins at 
the foramen magnum laterally and extends to the midline. It 
continues medially up to the sigmoid sinus and jugular tuber-
cle and courses around to the contralateral side of the fora-
men magnum. Additional bone may be removed as required. 
As much as two-thirds of the occipital condyle may be drilled 
away as needed to increase lateral exposure. Skeletonization 
of the sigmoid sinus may follow, preceding additional trans-
petrosal exposure as required to approach the pathology.

A subtemporal craniotomy is easily added by extending 
the skin incision superiorly and anteriorly in a curvilinear 
fashion. The myocutaneous flap is dissected down to the 
level of the zygoma and Henle’s spine, and a craniotomy is 
turned in the usual fashion (Fig. 6.4c). The flap covering the 
transverse sinus must be turned carefully because the dura is 
often densely adherent to the bone. Crossing this junction 
with the drill footplate is seldom advisable. Instead, the sinus 
is skeletonized carefully with the cutting or diamond bur. 
Incorporation of both the far-lateral approach and the sub-
temporal craniotomy with various degrees of petrosectomy 
allows the entire posterior temporal, retrosigmoid, and lat-
eral suboccipital regions to be included.

After the bone is removed, the dura can be opened in 
many different ways (Fig. 6.5). The infratentorial opening 
usually begins in the midline inferiorly and proceeds superi-
orly and laterally to the junction of the transverse and sig-
moid sinuses. A separate linear dural incision along the 
anterior portion of the sigmoid sinus simultaneously allows 
visualization of the presigmoid space with minimal cerebel-
lar retraction (Fig.  6.5a). Opening the retrosigmoid dura 
extending inferiorly below the foramen magnum allows 
simultaneous visualization of the structures of the inferior 
posterior fossa and brainstem as in a standard far-lateral 
approach (Fig. 6.5b). The greatest degree of visualization is 
obtained by dividing the sigmoid sinus (Fig. 6.5c). However, 
this maneuver is only possible if the patient’s venous anat-
omy allows drainage of the ipsilateral Labbé’s vein into the 
contralateral transverse and sigmoid sinuses (Fig.  6.6). 
Subtemporal dural openings begin over the temporal lobe 
anteriorly and extend posteriorly to the superior petrosal 
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Fig. 6.5 After the transverse and sigmoid sinuses have been skeleton-
ized, the dura may be opened in several ways. (a) Opening (blue dashed 
line) along the presigmoid dura allows anatomic visualization with 
minimal cerebellar retraction. (b) Simultaneous cuts in the retrosig-

moid dura (green dashed lined) may be extended inferiorly to below the 
foramen magnum. (c) Alternatively, the sigmoid sinus may be divided 
(purple dashed line). (Modified from Baldwin HZ et al. [3], with per-
mission from Journal of Neurosurgery)

sinuses. Care must be taken to avoid injury to Labbé’s vein 
or to associated veins attached to the temporal dura or tento-
rium. An additional opening is made anterior to the sigmoid 
sinus up to the sinodural angle (Citelli’s sinodural angle).

The superior petrosal sinus is then divided, and the open-
ing is extended along the tentorium (Fig. 6.7). Care must be 
taken to avoid damage to the fourth cranial nerve as it courses 
along the tentorial edge, medial and inferior to the temporal 

lobe, before its insertion at the medial tentorial edge. If nec-
essary and if the venous anatomy is favorable, the sigmoid 
sinus can be sacrificed by extending the dural incision across 
it. Such a maneuver allows an unimpeded view of the con-
tents of the posterior and inferior middle fossae from the 
inferior brainstem to the upper clivus. The anterosuperior 
brainstem, cavernous sinus, and Meckel’s cave are visual-
ized clearly.

N. C. Bambakidis et al.
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Fig. 6.6 Surgical view of the venous sinuses of the posterior fossa. 
Before the sigmoid sinus is ligated, patency of the contralateral jugu-
lar venous system must be confirmed. After the superior petrosal sinus 
and sigmoid sinus have been divided, blood is diverted through the 
torcula down the transverse-sigmoid sinus to the opposite jugular 
vein. (Reproduced with permission from Barrow Neurological 
Institute)

Fig. 6.7 Extent of exposure afforded by a combined transcochlear far- 
lateral and subtemporal exposure. The superior petrosal sinus has been 
divided, and further exposure is afforded by division of the tentorium. 
During this maneuver, care must be taken to avoid damage to the troch-
lear nerve (CN IV), which courses along the tentorial border. CN 
V = trigeminal nerve; SCA = superior cerebellar artery. (Reproduced 
with permission from Barrow Neurological Institute)

Fig. 6.8 Exposure of the contents of the posterior fossa after combined 
approaches. Sequential movement of the operating microscope and 
judicious retraction of the sigmoid sinus (a) posteriorly or (b) anteriorly 
affords a view almost as complete as that afforded by its division. This 
strategy minimizes the risk of venous injury or infarction. AICA = ante-
rior inferior cerebellar artery; CN III  =  oculomotor nerve; CN 

IV = trochlear nerve; CN V = trigeminal nerve; CN VII = facial nerve; 
CN IX = glossopharyngeal nerve; CN X = vagus nerve; CN XI = spinal 
accessory nerve; CN XII = hypoglossal nerve; PICA = posterior infe-
rior cerebellar artery; SCA =  superior cerebellar artery. (Reproduced 
with permission from Barrow Neurological Institute)

Nevertheless, the venous structures can often be left 
intact. Sequential movement of the operating microscope 
and judicious use of the retractor allow adequate visualiza-
tion while minimizing the risk of venous injury or infarction 

(Fig. 6.8). The exact approach and degree of exposure must 
be tailored to the pathology and needs of each individual 
patient to obtain adequate surgical treatment associated with 
an acceptable rate of morbidity.
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 Endoscopic Endonasal Approach 
to the Petroclival Region

A complete description of the techniques required to per-
form endoscopic endonasal approaches to the clivus and pet-
roclival region is beyond the scope of this chapter. Numerous 
resources that provide a comprehensive description of these 
techniques as well as their variants are available [7–9, 18–
22]. Here we will provide a brief overview of the transclival 
and transpterygoid approaches. Note that for petrous apex 
lesions projecting medially into the sphenoid sinus, a trans-
sphenoidal approach may be utilized in cases requiring sim-
ple biopsy or for drainage procedures.

Access to the sphenoid sinus is common to most endo-
scopic skull-base techniques, including the transclival 
approach. In this approach, the anterior wall of the sphenoid 
sinus is identified and opened widely. Mucosal lining is 
peeled away from the bony surface of the sinus. Sphenoid 
sinus septations are drilled until standard anatomic land-
marks, such as the optic nerves and ICA prominences, are 
readily identifiable. The transclival approach begins when 
the mucosal lining overlying the clivus is reflected exposing 
the bony surface. High-speed drilling of the clival bone using 
a diamond bur is performed. Small rongeurs may facilitate 
dural exposure after drilling is nearing completion. Dural 
exposure from the sellar floor to the foramen magnum is 
obtained along the midline. The lateral limitations of expo-
sure are determined by Dorello’s canal, the paraclival seg-
ment of the ICA, and the occipital condyles bilaterally. Dural 
opening is made difficult by venous plexus bleeding in some 
patients. However, aggressive use of bipolar cautery should 
be avoided as the basilar artery and/or CN VI are in close 
proximity intradurally. Packing of hemostatic agents 
achieves hemostasis in most cases. Once intradural, angled 
endoscopes assist in lateral visualization. Dural repair typi-
cally consists of abdominal fat graft with additional overly-
ing autologous or synthetic materials. Finally, a large 
nasoseptal mucosal flap is placed over the defect and sup-
ported with nasal packing.

The transmaxillary transpterygoid approach begins by 
exposing the posterior wall of the maxillary sinus. This 
exposure may be performed with a wide antrostomy or by a 
modified medial maxillectomy. After middle turbinate 
 resection, the sphenopalatine foramen at the crista ethmoida-
lis is identified and widened with Kerrison rongeurs. The 
opening is continued to remove the posterior wall of the 
maxillary sinus, exposing the pterygopalatine fossa (PPF) 
contents. The PPF is divided into anterior and posterior com-
partments. The anterior compartment consists of arteries and 
fat while the posterior compartment consists of neural struc-
tures. Gentle fat dissection exposes the vasculature. 
Depending on the exposure required, the sphenopalatine 
artery may be cauterized and divided or simply retracted to 

assist with mobilization of the anterior compartment struc-
tures. This exposes the neural structures of the posterior 
compartment. Exposure is widened medially after drilling 
the inferior aspect of the medial pterygoid plate. The ptery-
gopalatine ganglion is located in the inferior aspect of the 
posterior compartment of the PPF just anterior to the Vidian 
canal and posterior to sphenopalatine arterial branches [8]. 
The extradural segment of the maxillary nerve (V2) is identi-
fied superior and lateral to the pterygopalatine ganglion typi-
cally at the level of the sphenopalatine foramen. Further 
dissection allows V2 to be followed posteriorly identifying 
the foramen rotundum. The Vidian artery and nerve is located 
superior to the pterygopalatine ganglion along its path, per-
pendicular to the sphenopalatine artery. Wide opening of the 
anterior wall of the sphenoid sinus is performed to identify 
the lateral extent of the sinus floor. At the junction of the base 
of the sphenoid sinus floor and the medial pterygoid plate is 
the pterygoid wedge. The medial aspect of the pterygoid 
wedge marks the typical location of the Vidian (pterygoid) 
canal [8, 21]. Elevation of the mucosal lining over the infra-
sphenoidal clivus completely exposes the canal and allows 
additional working room. Once the Vidian canal is identified, 
drilling commences along the inferomedial aspect of the 
Vidian canal until the depth of the petrous segment of the 
ICA is determined. As the Vidian artery commonly inserts 
along the inferior aspect of the ICA at the junction of the 
horizontal and vertical segments, initial opening of the 
Vidian canal inferiorly minimizes the risk of inadvertent ICA 
injury [21]. The remaining superior portion of the Vidian 
canal may then be removed once the depth of the ICA is 
established. Removal of the lateral aspect of the posterior 
wall of the sphenoid sinus exposes the cavernous sinus and 
allows for slightly greater mobilization of the ICA [22]. 
Exposure and subsequent mobilization of the petrous ICA 
allows for further infrapetrous drilling into the petrous apex. 
Further lateral extension into Meckel’s cave has been 
described but will not be discussed here [8, 9]. Closure is 
completed using a multilayered technique as described 
above.

 Endoscopic Endonasal Approach 
Considerations

In recent years, EEAs have been proposed by some as a fea-
sible alternative to more traditional open transpetrosal 
approaches [7, 18–25]. While each open approach has its 
own strengths and weaknesses, commonly encountered hur-
dles to open lateral approaches remain. Lateral approaches to 
more medially located tumors frequently require the surgeon 
to work in windows defined by the transverse and sigmoid 
sinuses as well as the middle and lower CNs. As resection 
progresses, repetitive maneuvers across the CNs may result 
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in unintended distraction injuries. In addition, tumors in this 
region may engulf or become adherent to vascular structures 
requiring meticulous dissection to access the deeper aspects 
of the tumor. These factors have led to an interest in extend-
ing the applications of an EEA into the posterior fossa for 
tumors near the petroclival region as the operative trajectory 
provides direct access to the deepest aspect of the tumor at 
onset.

Despite improvements in surgical technique and approach 
selection, morbidity following open transpetrosal approaches 
remains a concern for patients and surgeons alike. Aggressive 
resection of tumors in this region is associated with signifi-
cant morbidity as there is frequent involvement of critical 
neurovascular structures that come into play when the limits 
of resection are reached [7, 26–29]. This is especially true for 
petroclival meningiomas where cranial nerve dysfunction 
remains a common complication of surgery [28–30]. In 
response, many surgeons advocate for less aggressive resec-
tion in an effort to minimize postoperative morbidity [7, 26, 
27, 29]. Furthermore, as residual petroclival meningioma is 
commonly responsive to adjuvant radiosurgery with excel-
lent control rates and minimal morbidity, the argument to 
pursue gross total resection in all cases is further weakened 
[7, 30]. In a series of 168 patients with petroclival meningio-
mas treated with stereotactic radiosurgery, the 10-year 
progression- free survival rate was 86% with a symptom con-
trol rate of 94% over the same period [31]. However, not all 
pathologies in this region are responsive to adjuvant thera-
pies, which prompts an assessment of the limitations of the 
multiple surgical approaches to this region.

Expanded EEAs like the endoscopic transclival and endo-
scopic transpterygoid approaches have been described for 
the surgical treatment of skull-base malignancies involving 
the clivus and petroclival region [7–9, 18, 32]. Early reports 
detailing outcomes after an expanded EEA for the treatment 
of petrous apex pathologies consisted predominately of 
inflammatory or cystic lesions as well as encephaloceles [8, 
9]. Comparisons between EEAs and more traditional lateral 
approaches have commonly been made in cadaveric studies 
[22, 26, 33, 34]. Primary candidates for an expanded EEA 
harbor lesions along the clivus or petroclival junction with-
out lateral extension beyond the internal auditory canal 
(IAC) (Fig.  6.9) [7, 18, 33]. These lesions are also more 
likely to be located in the inferior aspect of the petroclival 
junction as this region is more easily accessed than the supe-
rior portion [22]. While it is true that larger lesions may pro-
vide a direct plane for continued lateral resection, open 
lateral approaches are generally required to access the lateral 
aspect of the IAC [26]. In addition, lateral tumor extension 
involving the paraclival, petrous, and/or cavernous segments 
of the internal carotid artery (ICA) also imposes relative lim-
itations to EEAs. Even in the most experienced hands, endo-
scopic mobilization of these segments of the ICA is 

technically demanding [7, 18, 26]. In fact, a notable differ-
ence between the EEA and open lateral approach is that the 
ICA must be dealt with upfront in an EEA. Exposure of the 
ICA places it at a greater risk for injury. Tumor invasion into 
the cavernous sinus also poses unique challenges for the sur-
geon. While larger tumors may occupy the cavernous sinus 
creating sufficient visualization, smaller tumors invading the 
cavernous sinus pose a challenge as complete visualization 
requires enlargement of the opening into the cavernous sinus 
resulting in further manipulation of the ICA [18]. Should a 
vascular injury arise during an EEA, the small working angle 
and difficult visualization make achieving hemostasis 
difficult.

Limited anatomic studies and small case series have 
described further extension of EEAs to include extradural 
petrosectomy as well as medial condylectomy, allowing 
exposure of the length of the anterolateral brainstem [7–9, 
21, 22, 33]. However, application of such expanded 
approaches has yet to reach common practice. Endoscopic 
removal of the clivus and exposure of the posterior fossa 
dura behind the petroclival junction expose CN VI as it 
courses into Dorello’s canal at the medial aspect of the 
petrous ridge (Fig. 6.10) [7]. CN VI is at risk for injury at 
dural opening as it courses extradurally into the cavernous 
sinus. In addition, petroclival meningiomas may displace 
this nerve medially, interposing it directly between the sur-
geon and the tumor [7, 26]. In a series of 17 patients with 
petroclival meningiomas treated via an EEA, CN VI dys-
function was present in 47% postoperatively [7]. An addi-
tional challenge to endoscopic resection of tumors involving 
the lower clivus involves preservation of CN XII should a 
condylectomy be necessary [18]. Hypoglossal dysfunction 
and the potential for occipitocervical instability are neces-
sary considerations.

While a less aggressive approach may be feasible for 
tumors responsive to adjuvant therapies, primary malignan-
cies in this region often require aggressive resection. In a 
recent series of 42 patients diagnosed with clival chordomas 
or chondrosarcomas, gross total resection via an expanded 
EEA was obtained in only 66.7% with a postoperative CSF 
leak occurring in 16.7% of patients, requiring an additional 
surgery for reconstructive repair [18]. In this series, patients 
with tumors invading the cavernous sinus developed worse 
outcomes postoperatively than those with more medially 
located tumors, likely due to the morbidity associated with 
cavernous sinus entry. The authors found paramedian exten-
sion of the tumor to be a significant predictor of incomplete 
resection. For pathologies in which the goal is gross total 
resection, careful consideration must be offered when decid-
ing the correct surgical approach. While an expanded EEA 
may be utilized alone or in a staged fashion, the surgeon’s 
understanding of the lateral limitations of these approaches 
is important in optimizing surgical outcomes. In cases of 
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Fig. 6.9 Endoscopic endonasal approach for resection of a petroclival 
meningioma. (Top) Preoperative axial and coronal T1-weighted 
contrast- enhanced magnetic resonance imaging (MRI) demonstrating 
an enhancing lesion in the right petroclival region. (Middle) 
Intraoperative endoscopic view following resection of the lesion. Note 
the vertebral artery and lower cranial nerves are visualized (arrows). 

(Bottom) Postoperative axial and coronal T1-weighted contrast-
enhanced MRI demonstrating gross total resection of the lesion [7]. 
(Reprinted from World Neurosurgery, 99, Koutourousiou M, Fernandez-
Miranda JC, Vaz-Guimaraes Filho F, et al., Outcomes of Endonasal and 
Lateral Approaches to Petroclival Meningiomas, 500–517, 2017, with 
permission from Elsevier)
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Fig. 6.10 Endoscopic endonasal approach for partial resection of a pet-
roclival meningioma. (Top) Preoperative axial and coronal T1-weighted 
contrast-enhanced and T2-weighted MRI demonstrating an enhancing 
lesion in the left petroclival region extending into Meckel’s cave 
(arrow). A posterior cystic component of the lesion is noted with mass 
effect on the brainstem (arrowhead). (Middle) Intraoperative endo-
scopic view. (Left) The clivus, dura overlying the pituitary gland (PG), 
left internal carotid artery (ICA), and petroclival junction (probe) are 

exposed. (Right) Following resection, the basilar artery (arrow), brain-
stem (BS), left abducens nerve (arrowhead), and the skeletonized left 
ICA are visualized. (Bottom) Postoperative axial and coronal 
T1-weighted contrast-enhanced and T2-weighted MRI demonstrating 
partial resection of the lesion [7]. (Reprinted from World Neurosurgery, 
99, Koutourousiou M, Fernandez-Miranda JC, Vaz- Guimaraes Filho F, 
et  al., Outcomes of Endonasal and Lateral Approaches to Petroclival 
Meningiomas, 500–517, 2017, with permission from Elsevier)

tumor location at or beyond the IAC, open posterior 
approaches provide the most direct access.

As with open approaches, appropriate repair of the 
acquired skull-base defect is critical to success. Reconstruction 
of skull-base defects following an expanded EEA remains a 
challenge even with the use of inlays, onlays, and vascular-
ized pedicle flaps [7, 26]. The risk of CSF leak following an 
expanded EEA for intradural tumors in the petroclival region 
is higher than that reported for open approaches with rates of 

22–41% in the modern era [7, 35]. EEAs for resection of pri-
marily extradural clival malignancies still resulted in CSF 
leak in 16.7% in another report [18]. In contrast, a large series 
of 500 open posterior fossa cases reported a postoperative 
CSF leak rate of 13% for all pathologies [28]. Others have 
reported a CSF leak rate of just 4% following open resection 
of petroclival meningiomas [36]. Despite technical advances, 
the higher risk of CSF leak following expanded EEAs remains 
an important consideration in approach selection.
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In summary, surgical resection of posterior fossa tumors 
near the petroclival region and anterolateral brainstem is an 
emerging application of expanded EEAs. Similar to the 
unique surgical skillset required for transpetrosal approaches, 
an EEA in this region requires a specialized team with 
advanced anatomical knowledge and experience as the intra-
operative views and techniques are less familiar to most sur-
geons. Although the literature is still limited, the potential for 
lessened postoperative morbidity in the form of CN VII/VIII 
dysfunction is an appealing aspect of the EEA [7]. However, 
this appeal must be weighed against the maneuverability of a 
smaller surgical exposure, potential for significant vascular 
injury with limited means of achieving hemostasis, and, at 
present, higher rates of postoperative CSF leak for intradural 
pathologies.

 Surgical Decision-Making

Tailoring the exact approach to an individual patient requires 
detailed anatomical consideration of the individual pathol-
ogy. A frank assessment of the degree of surgical resection 
that is reasonable and expected is necessary. Often, the surgi-
cal team’s experience with a particular approach dictates its 
use to the exclusion of otherwise viable alternatives. 
Numerous studies have described the different types of open 
approaches available for accessing the skull base [2, 5, 37–
45]. These reports usually include a wide variety of opinions 
about the precise and best indication for each approach, 
depending on the authors’ unique experiences and biases.

Erkmen and colleagues discussed the treatment of 97 
patients with petroclival tumors treated with open approaches 
[46]. Their recommended approach depends on the location 
of the tumor along the clivus and in relation to the IAC. They 
recommend the orbitozygomatic approach for tumors located 
medial to the IAC without extensive posterior fossa involve-
ment. The presence of tumors lateral to the IAC requires the 
use of a posterior transtentorial petrosal approach. The latter 
approach can be expanded to the middle fossa and combined 
with an anterior petrosectomy when tumors extend into the 
middle cranial fossa and cavernous sinus. This variation is 
particularly preferable in patients with serviceable hearing. 
They reserved the transcochlear approach for patients with 
preoperative hearing loss.

While the literature for open approaches to the petroclival 
region is robust, there is a growing body of literature sup-
porting the role of the expanded EEA in accessing the clival 
and petroclival regions [7, 8, 18, 26, 32, 33]. Despite these 
advancements, it is important to understand the anatomic 
boundaries for exposure when using an expanded EEA.  In 
general, tumor extension laterally beyond the IAC signifies 
the extreme boundary for an EEA to middle clivus tumors. 
Koutourousiou and colleagues discussed the surgical treat-

ment of 32 patients with petroclival meningiomas treated 
with lateral open approaches, expanded endoscopic endona-
sal approaches, or a combination of the two [7]. Importantly, 
this series did not include tumors lateral to the upper clivus 
for which a pterional or frontotemporal orbitozygomatic 
approach is generally required. The lateral approaches con-
sisted of the retrosigmoid or the far-lateral transcondylar. 
The retrosigmoid approach was used for tumors primarily 
along the petrous ridge with or without involvement of the 
IAC, while the far-lateral approach was used when the tumor 
extended inferiorly and laterally beyond the jugular foramen 
or hypoglossal canal. For midline tumors (i.e., those without 
lateral extension beyond the IAC, jugular foramen, or hypo-
glossal canal), an anterior EEA was utilized. For tumors 
requiring multiple approaches, an EEA was used in combi-
nation with either a retrosigmoid or far-lateral approach.

When reporting their results, many authors have empha-
sized the importance of preserving facial nerve and hearing 
function. Shen and colleagues described their experience 
with 71 meningiomas [47]. Of these, 94% were removed 
completely. Combined surgical approaches were used in 
47% of the cases, but this proportion diminished substan-
tially over the course of the study. This decrease coincided 
with an increasing priority to preserve hearing. Kaylie and 
colleagues preserved hearing in eight of ten patients who 
underwent a transcrusal approach to the petroclival region 
[48]. The addition of a partial labyrinthectomy to a standard 
presigmoid petrosal approach has also been advocated, with 
the rate of hearing preservation reported to be higher than 
80% [49]. While hearing preservation techniques have 
improved outcomes, the fact remains that exposure of CNs 
VII–VIII places these nerves at risk. Preservation of facial 
nerve function is a primary goal when approaching tumors 
in this region. Tumors that are more laterally positioned 
may involve the IAC and, as such, a posterior open approach 
is necessary. However, many tumors in this region are 
located more medially and do not involve the IAC.  One 
major difference between the EEA and traditional open lat-
eral approaches to the petroclival region involves exposure 
of CNs VII–VIII. Lateral approaches require dissection of 
the VII–VIII complex in the majority of cases even when 
these nerves are not involved in the tumor. In a recent series 
of 26 patients with petroclival meningiomas treated with a 
retrosigmoid supracerebellar transtentorial approach, early 
facial nerve palsy and hearing loss developed in 12% and 
15%, respectively [29]. Long-term, persistent CN VII and 
VIII dysfunction were present in 4% and 12%, respectively. 
Furthermore, extensive drilling as in transpetrosal 
approaches to more inferomedial lesions requires the sur-
geon to repetitively work past these nerves, risking inadver-
tent injury. Another recent series reporting immediate 
postoperative outcomes in 60 patients with petroclival 
meningiomas treated with a combined transpetrosal 
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approach demonstrated facial nerve palsy and hearing loss 
in 45% and 32%, respectively [30]. Long-term outcomes 
were not reported. On the contrary, an EEA to more medi-
ally located lesions does not require exposure of CNs VII–
VIII. A recent study reported outcomes on 17 patients with 
petroclival meningiomas resected via an expanded EEA [7]. 
In this group, there were no instances of postoperative facial 
nerve palsy or hearing loss, which is in sharp contrast to the 
open approach studies described above. Owing to the effec-
tiveness of adjuvant radiosurgery, the authors state that their 
primary goal in these cases was to achieve brainstem decom-
pression and minimize cranial nerve dysfunction. Their 
stated goals were evident as gross total resection was 
achieved in 3 (17.6%) of the 17 cases. However, owing to 
limited published series, the long-term recurrence rate fol-
lowing this treatment approach is not yet available [7, 26]. 
Lastly, with regard to hearing preservation in an expanded 
EEA, inadvertent obstruction of the Eustachian tube may 
result in mechanical hearing loss [9, 22].

The retrosigmoid approach has been described as an alter-
native to combined approaches for the treatment of skull- 
base tumors [29, 41, 50–54]. Anatomical studies in cadavers 
have compared the working area provided with the petro-
clival surface between the retrosigmoid and combined petro-
sal approaches [55]. Siwanuwatn and colleagues found no 
significant difference in either working area or angle of 
attack to the petroclival surface without the inclusion of a 
complete transcochlear exposure [55]. The axis of approach 
via the retrosigmoid approach is from a dorsal aspect along 
the plane of the petrous bone. Therefore, they suggested that 
the increase in bony removal afforded by the combined 
approaches, in the absence of a complete petrosectomy, is 
not extensive enough to increase the working area signifi-
cantly. However, because some tumors grow posteriorly and 
compress the brainstem and neurovascular structures later-
ally, they create a “natural retraction” and an opening toward 
the upper portions of the clivus. This capacity for increased 
visualization may allow excellent surgical access via the 
simple retrosigmoid approach, obviating the need for addi-
tional bony removal.

Opening the tentorium in a traditional retrosigmoid 
approach allows for additional superior and anterior visual-
ization. In a recent series authors reported that the retrosig-
moid supracerebellar transtentorial approach provided 
adequate exposure for resection of petroclival meningiomas 
without a large middle fossa component [29]. The removal of 
the suprameatal tubercle has also been purported to increase 
exposure of the petroclival region, namely the middle fossa 
[56]. Authors have reported that by drilling the suprameatal 
tubercle and the petrous bone superior and anterior to the 
IAC, exposure of the trigeminal nerve in Meckel’s cave was 
obtained [54]. As alluded to above, the choice of approach is 
often determined by the surgeon’s experience as it is clear 

from the literature that there is often more than one way to 
access this location.

A major factor in the degree of resection that can be 
achieved safely is the consistency of the lesion and its 
involvement with major neurovascular structures. Bricolo 
and colleagues emphasized this point in their use of the ret-
rosigmoid approach alone to treat 65% of 110 skull-base 
tumors [51]. Of 84 cases treated by Goel and Muzumdar 
over 11 years, 28 were treated with the retrosigmoid approach 
[52]. Their rate of gross total resection was 75% for moder-
ately sized (mean diameter, 4  cm) tumors, most of which 
extended laterally beyond the IAC.  Five patients (18%) 
developed new facial nerve deficits. Regardless of the surgi-
cal approach used, it cannot be overemphasized that the 
major determinants of the ability to achieve excellent resec-
tion associated with low morbidity are the presence of an 
arachnoid plane around the tumor, the consistency of the 
tumor, and the degree of its involvement with critical neuro-
vascular structures. In a review of 137 patients, Little and 
colleagues demonstrated that independent factors associated 
with postoperative neurological morbidity included a history 
of prior resection and the presence of tumors described as 
being adherent or fibrous [44]. The authors describe the evo-
lution of their treatment in pursuing near total resection in 
these patients rather than gross total resection in an effort to 
decrease the rates of neurological deficits. This treatment 
philosophy is further strengthened when the pathology being 
treated is responsive to adjuvant therapies as in the majority 
of skull-base meningiomas. Importantly, therapies like ste-
reotactic radiosurgery are excellent treatments for many 
patients, but they do not treat symptomatic mass effect. 
Careful consideration of the pitfalls of each approach and 
responsiveness of the pathology being treated must be taken 
into account to maximize the benefit of surgery while mini-
mizing morbidity.

The potential for a lower incidence of facial nerve palsy 
and hearing loss in selected patients is the greatest strength 
of expanded EEAs for treating tumors in the petroclival 
region. Midline tumors may be amenable to resection via an 
EEA especially when they are soft and suckable, but lateral 
tumor location or extension will likely necessitate an open 
lateral approach. With the limited operative exposure com-
mon to EEAs, gross total resection is made difficult for large 
or firm tumors. This point was described in a cadaveric study 
comparing the volume of petrosectomy achieved from an 
open anterior approach to that from an expanded EEA [22]. 
The authors found that the volume of bone removed during 
an open approach was slightly more than double that from an 
expanded EEA. While this study did not include posterior 
approaches, it is enlightening that the expanded EEA allowed 
access to only the inferior aspect of the petrous apex as the 
C3 segment of the ICA limited superior exposure. For pri-
mary malignancies or tumors in this region not responsive to 
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Fig. 6.11 Number of combined petrosal and transcochlear approaches 
performed in the treatment of petroclival meningiomas at Barrow 
Neurological Institute as a function of time. Most procedures were per-
formed before 1996 [57]. (Reproduced with permission from 
Lippincott-Williams & Wilkins)

radiation therapies, the ability to achieve a maximal resec-
tion becomes a greater consideration. The higher risk of CSF 
leak following an EEA must also be considered when select-
ing this approach.

Although initially very aggressive in using combined 
approaches to treat a variety of skull-base tumors and vascu-
lar lesions [5], our management strategy has changed signifi-
cantly over the course of time. In a recent retrospective 
analysis of 64 patients with petroclival tumors treated at our 
institution over the past 20 years [57], the use of combined 
petrosal approaches led to greater rates of gross total resec-
tion at the cost of an increase in complication rates. At the 
limits of our brief follow-up, progression-free survival 
remains excellent in all groups that we followed, regardless 
of the approach used. The addition of stereotactic radiosurgi-
cal treatment for the use of tumor control has significantly 
affected our treatment algorithm, and the number of com-
bined cases performed in the treatment of petroclival menin-
giomas has declined significantly (Fig. 6.11).

Nevertheless, the combined approaches continue to be 
valuable tools in the management of complex skull-base 
lesions. They are regularly used to treat patients with com-
plex vascular lesions of the posterior fossa [58–60].
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7Functional Surgery 
of the Cerebellopontine Angle

P. Ashley Wackym, Shekar N. Kurpad, Wesley A. King, 
and Anil Nanda

Although most surgery of the cerebellopontine angle (CPA) 
deals with neoplastic diseases, it is important for contempo-
rary skull-base surgeons to remain proficient in the surgical 
management of diseases that disrupt cranial nerve function. 
In addition to the use of the operating microscope, over the 
past quarter century, we have found that the adjunctive use of 
endoscopy greatly facilitates optimal outcomes. Endoscopes 
have the ability to provide high magnification and illumina-
tion of the operative field. However, in contrast to the opera-
tive microscope, the endoscopic view is not limited to the 
linear line of sight. Thus, with flexible and angled endo-
scopes the surgeon can look “around corners,” beyond 
obstructing tissue and structures. Initial reports of endoscope- 
assisted otologic and neurotologic surgery have been pub-
lished, and the limits of these techniques continue to be 
explored [1–8]. This chapter describes the combined use of 
microsurgery and endoscopy during neurectomy for the 
treatment of chronic peripheral vestibular dysfunction, 
geniculate neuralgia, glossopharyngeal neuralgia, cranial 
nerve microvascular decompression procedures, and place-
ment of auditory brainstem implants (ABI).

 Vestibular Neurectomy

The rationale for unilateral deafferentation of a dysfunc-
tional vestibular labyrinth is that the central nervous system 
(CNS) is better able to compensate for a complete loss of 
vestibular function than for a fluctuating partial loss. The 
single most common peripheral vestibular disorder requiring 
vestibular neurectomy is Menière disease, although most 
patients with this disease are managed successfully with 
medical therapy [9, 10]. Rarely, recurrent vestibular neuroni-
tis or traumatic labyrinthitis requires unilateral ablation of 
vestibular function to achieve compensation. When patients 
have a useful cochlear function, vestibular neurectomy has 
the advantage of preserving hearing. A survey of the 
American Otological Society and the American Neurotology 
Society performed in the early 1990s showed that almost 
3000 vestibular neurectomies had been performed in the 
United States since the introduction of the operating micro-
scope [11]. More recently, it has been advocated that cochlear 
implantation is performed at the same time as translabyrin-
thine vestibular neurectomy for Menière disease [12].

Contraindications to vestibular neurectomy include bilat-
eral peripheral vestibular disease, vertigo from an only hear-
ing ear, and indications of CNS pathology such as multiple 
sclerosis, physiologic old age, and poor medical condition. 
Elderly patients have more difficulty in compensating than 
younger patients. Therefore, treatment options should be 
considered carefully before proceeding to ablative surgical 
procedures. However, destructive vestibular procedures 
remain an important treatment option for elderly patients 
disabled by vertigo of peripheral origin. The distinct advan-
tages associated with each surgical approach are briefly 
reviewed in the context of the application of endoscopic 
techniques to this procedure.

Jean-Martin Charcot, who was a contemporary of Prosper 
Menière and director of the famous Salpêtrière Hospital neu-
rological clinic in Paris, has been credited with first suggest-
ing intracranial division of the auditory nerve to eliminate 
the symptoms of Menière disease in 1874. Walter Dandy 
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most consistently attributed this suggestion to Charcot. 
However, after translating the original French manuscript, 
Jackler suggested that this attribution is inaccurate [13].

It was not until October 6, 1908, in Philadelphia, that 
Frazier completed this procedure in a patient with persistent 
aural vertigo [14]. A passage from Frazier’s report [14] 
summarizes an issue that remains critical in the surgical 
management of patients with Menière disease: “Before this 
operation is undertaken in the future, one should determine 
by every means of precision whether the case falls in the 
category for which this form of treatment is especially 
applicable.”

Walter Dandy first recognized that selective neurectomy 
of the vestibular nerve was possible: “In one of the patients 
… the vestibular and cochlear branches of the auditory nerve 
were separate and distinct. Such an anatomic variation would 
lend itself to division of the vestibular nerve without injuring 
the cochlear nerve and the hearing” [15]. In July 1932, 
Kenneth McKenzie of Montreal first selectively sectioned 
the vestibular nerve while preserving hearing [16]. In 
February 1933, Hugh Cairns of London performed a similar 
operation, and Dandy performed this selective neurectomy 
in March 1933 [17, 18]. Dandy, however, popularized the 
procedure, performing 607 neurectomies in 587 patients 
with Menière disease from 1924 to 1946 [18]. The use of the 
middle cranial fossa approach to section the vestibular nerve 
was first reported in 1904 [19].

Since the introduction of selective neurectomy, there have 
been numerous advances in surgical deafferentation of the 
peripheral vestibular system. For a broader perspective, read-
ers are referred to a recent review of this topic [20]. Our ini-
tial 14 cases of endoscope-assisted vestibular neurectomy, 
reported by Wackym and colleagues [3, 21], are reviewed 
below with the addition of another case.

 Clinical Material and Methods

Fifteen patients with intractable unilateral Menière disease 
underwent a retrosigmoid craniotomy for neurectomy of the 
vestibular nerve (Table 7.1). During each endoscopic proce-
dure, a Hopkins telescope was used to study anatomical rela-
tionships in the posterior fossa and to assist the neurectomy. 
All patients undergoing vestibular neurectomy underwent 
preoperative and postoperative audiometric evaluation. 
Electronystagmography (ENG) was performed in fourteen 
patients before surgery and in nine patients after surgery. The 
1995 American Academy of Otolaryngology Head and Neck 
Surgery Committee on Hearing and Equilibrium guidelines 
for the diagnosis and evaluation of therapy in Menière dis-
ease were used [22].

 Operative Technique for Vestibular 
Neurectomy

Each patient was positioned supine with the head turned in 
the opposite direction of the affected ear. After 1 g/kg man-
nitol and 10 mg decadron were administered intravenously, 
the patient was hyperventilated to achieve maximum cere-
bellar relaxation. A 4–6-cm linear skin incision was made 
10–15 mm posteromedial from the estimated position of the 
sigmoid sinus. The incision began just above the level of the 
transverse sinus and extended caudally for 6 cm (Fig. 7.1a). 
After the nuchal muscles were incised and the periosteum 
was elevated, a single Adson cerebellar or articulated 
Weitlaner retractor was placed into the wound.

A retrosigmoid (suboccipital) approach was performed in 
all patients. The craniotomy measured 18–25 mm in diame-
ter (Fig. 7.1b). After the craniotomy or craniectomy was per-
formed, the dura was opened using a Y-shaped incision and 
secured to the adjacent soft tissue. The cerebellum was ele-
vated gently to expose the lateral medullary cistern so that 
cerebrospinal fluid (CSF) could be released when the cistern 
was opened. Moist cottonoids were placed on the lateral sur-
face of the cerebellum before it was retracted medially to 
expose the CPA and vestibulocochlear nerve/facial nerve 
complex (Fig. 7.1b). The cerebellum was maintained in this 
position by gravity or by a small Greenberg, Leyla, or De 
Martel retractor blade.

Table 7.1 Fifteen patients with Menière disease undergoing vestibular 
neurectomy (AAO-HNS, 1995 reporting criteria [22])

Subject Age/sex Stagea Side

Electronystagmography (canal 
paresis)b

Preop (%) Postop (%)
1 49/F 4 AD 44 100
2 56/F 1 AS 82 100
3 62/F 2 AS 73 100
4 43/F 1 AS 26 100
5 34/F 1 AS 29 100
6 16/F 2 AD 28 100
7 62/F 3 AD 78 100
8 60/F 3 AS 84 100
9 34/F 3 AD 29 na
10 55/F 4 AS 0 na
11 34/F 3 AD 0 na
12 60/F 1 AS 90 na
13 36/F 3 AD 38 na
14 45/M 3 AS na na
15 41/F 2 AS 88 100

AD auris dexter, AS auris sinister, na not available
a Staging is based on the four-tone average (pure-tone thresholds) at 0.5, 
1, 2, and 3 kHz. Stage 1 (≤25 dB), Stage 2 (26–40 dB), Stage 3 (41–
70 dB), Stage 4 (>70 dB)
b Canal paresis of affected ear based on caloric irrigation
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Fig. 7.1 Endoscopic vestibular neurectomy for Menière disease. (a) A 
4-cm linear incision extends caudally from the transverse sinus. The 
Mayfield head holder is used to attach the endoscope holder. During the 
vestibular neurectomy, the auditory brainstem evoked response and 
facial nerve electromyography are monitored. (b) The craniectomy is 
shown with a cottonoid, measuring 0.5 × 3 in., in place over the cerebel-

lum. (c) Endoscope is shown entering the posterior fossa via the crani-
ectomy and is maintained in position using an endoscope holder. 
Sterilized dime shows scale. (d) With the use of an articulated endo-
scope holder, the operating surgeon is free to use both hands in per-
forming the neurectomy. (Published with permission, copyright © 2007 
P. A. Wackym, MD)

In patients with useful preoperative hearing, the auditory 
brainstem response (ABR) was monitored intraoperatively. 
All subjects underwent unilateral needle electromyography 
(EMG) of the orbicularis oris and oculi muscles. A team 
composed of a neurotologist and a neurosurgeon performed 
each procedure. If the vestibulocochlear nerve and facial 
nerve complex could be visualized adequately, the remain-
der of the vestibular neurectomy was performed while one 
surgeon held the endoscope and another surgeon identified 
the vestibular nerve and completed the neurectomy. 
Alternatively, an articulated endoscope holder (Codman, 
Randolph, MA) was used while the neurectomy was per-
formed (Fig. 7.1c, d).

Initially, all patients underwent an examination performed 
with the rigid Hopkins rod endoscopes (4 mm, 0°; 4 mm or 
2.7 mm, 30°; Karl Storz, Culver City, CA or Gyrus Medical, 
Inc., Memphis, TN). Specific attention was paid to cranial 
nerves V through XI, the internal auditory canal (IAC), and 
the vascular anatomy (Fig. 7.2a). The surgeon attempted to 
identify the cleavage plane between the cochlear and vestib-
ular nerves. When this division was not evident, 30°, 45°, or 
70° endoscopes were used to identify this plane within the 
IAC. In no case was a transmeatal approach (i.e., opening the 
IAC) required.

The vestibular nerve was identified visually. The location 
of the facial nerve was confirmed by stimulating the nerve 

7 Functional Surgery of the Cerebellopontine Angle
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Fig. 7.2 Endoscopic vestibular neurectomy for Ménière disease on the 
right side. (a) An initial survey is performed with a 0° endoscope to gain 
orientation within the posterior fossa. ES  =  endolymphatic sac; 
PV = petrosal vein forming the superior petrosal sinus; T = tentorium; 
TB  =  posterior face of the temporal bone; V  =  trigeminal nerve; 
VIII = eighth cranial nerve complex. (b) The facial nerve is confirmed 
using a stimulus dissection instrument to deliver a 0.05  mA square 
wave current with a frequency of 4 times/s, each 100 μs in duration. 
Simultaneously, the EMG is recorded from the orbicularis oculi and 

oris muscles. (c) After the cleavage plane between the vestibular and 
cochlear nerves is identified, a stimulus dissection instrument is used to 
isolate the vestibular nerve from the cochlear and facial nerves. The 
neurectomy is completed, and a segment of the vestibular nerve is 
resected to avoid the possibility of regeneration. (d) The cut ends of the 
right vestibular nerve (arrows) are seen via a 0° endoscope. 
Arrowhead = facial nerve; CN = cochlear nerve. (Published with per-
mission, copyright © 2007 P. A. Wackym, MD)

with 0.05 mA current and recording the EMG activity of the 
orbicularis oculi and oris muscles (Fig. 7.2b). The vestibular 
nerve was then sharply sectioned (Fig. 7.2c). While the ves-
tibular nerve was retracted using microsuction in a lateral-to- 
medial direction, the vestibular nerve was sectioned again to 
complete the neurectomy (Fig. 7.2d). A 3-chip camera was 
attached to the lens of the endoscope, and the image was 
displayed on a 21-in. flat-panel video monitor and recorded 
on a digital capture system. After the dura was closed, a cra-
nioplasty was performed using hydroxyapatite cement 
(Norian SRS, Synthes Inc., West Chester, PA) supported by 
a titanium mesh framework (Synthes Maxillofacial, Paoli, 
PA), and the wound was closed in layers.

 Outcomes of Vestibular Neurectomy

Complete neurectomy was achieved in all 15 patients. 
Without the need for significant retraction of the cerebel-
lum or brainstem, endoscopy improved the identification of 
the nervus intermedius; the facial, cochlear, and vestibular 
nerves; and adjacent neurovascular relationships (Fig. 7.3). 
Furthermore, the cleavage plane between the cochlear and 
vestibular nerves medial to or within the IAC could not be 
identified through the microscope in three cases. However, 
the plane was identified endoscopically (using a 30°, 45°, 
or 70° endoscope) in all cases (Fig. 7.3a). After the cleav-
age plane between the cochlear and vestibular nerves within 
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Fig. 7.3 (a) Variation, endoscopic vestibular neurectomy for left 
Menière disease. When a cleavage plane cannot be identified medial to 
the internal auditory canal (IAC), a 30°, 45°, or 70° endoscope can be 
used to identify the cleavage plane (arrow) between the cochlear nerve 
(CN) and the vestibular nerve (VN) within the IAC. Arrowheads = ner-
vus intermedius; FN = facial nerve. (b) Variation, endoscopic vestibular 
neurectomy for right Menière disease. The cut ends of the vestibular 
nerve (arrows) are visualized through a 30° endoscope, beneath a large 
branch of the anterior inferior cerebellar artery (AICA) looping through 
the porus acusticus (P) into the IAC.  Arrowheads  =  facial nerve; 
CN = cochlear nerve. (c) Variation, endoscopic vestibular neurectomy 

for left Menière disease. A 0° endoscopic view after vestibular neurec-
tomy shows the cut ends of the vestibular nerve (arrows) and the 
cochlear nerve (CN). Multiple looping branches from the AICA, one of 
which separates the CN and vestibular nerve from the facial nerve (FN), 
are visible. (d) Complication of endoscopic vestibular neurectomy for 
left Menière disease. One patient from our series suffered irreversible 
profound hearing loss during retractor placement. After neurectomy, an 
intact cochlear nerve (CN) and facial nerve (arrowhead) are seen adja-
cent to the cut ends of the vestibular nerve (arrows). V =  trigeminal 
nerve. (Published with permission, copyright © 2007 P. A. Wackym, 
MD)

the IAC was identified, it was developed medially before 
the neurectomy was performed. Vascular loops and 
branches of the anterior inferior cerebellar artery (AICA) 
passing into the IAC were also better appreciated 
(Fig. 7.3b–d).

In the group of Menière disease patients treated with ves-
tibular neurectomy (Table  7.1), every subject had either 
recurrent vertigo or otolithic crises of Tumarkin (three 
patients suffered from both types of vertigo). Although all 
patients had relief of symptoms from their ipsilateral ear 
postoperatively, two patients later developed Menière dis-
ease in the contralateral ear.

Complete vestibular deafferentation was confirmed in the 
nine patients who underwent postoperative ENG.  None of 
the patients experienced postoperative CSF leakage, head-
ache, or facial paresis or paralysis. One patient suffered com-
plete hearing loss during placement of the retractor, likely 
caused by vascular insufficiency of the cochlea. Despite 
removal of the retractor when changes were observed in the 
patient’s ABR and placement of papaverine on the arteries 
feeding the vestibulocochlear complex, no measurable hear-
ing returned. Complete vestibular deafferentation was 
achieved with anatomic preservation of the facial and 
cochlear nerves (Fig. 7.3d).
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 Advantages and Disadvantages of Different 
Approaches for Vestibular Neurectomy

The advantages and limitations of the various approaches to 
vestibular neurectomy have been reviewed [23]. These 
approaches include the middle cranial fossa and the posterior 
fossa approaches, of which there are a number of variations: 
the retrolabyrinthine approach, the retrosigmoid- IAC 
approach, and the combined retrolabyrinthine- retrosigmoid 
approach [11, 24].

The middle cranial fossa approach provides the only 
exposure that allows the primary afferent vestibular ganglia 
to be resected. This resection accomplishes two goals: (1) 
complete deafferentation of the vestibular periphery while 
preserving auditory function and (2) elimination of the pos-
sibility of vestibular nerve regeneration.

Posterior fossa approaches have two significant advan-
tages over the middle cranial fossa approach for vestibular 
neurectomy: the risks of both facial nerve injury and hearing 
loss are decreased. However, a posterior fossa vestibular 
neurectomy has two primary disadvantages. First, the ves-
tibular nerve fibers commingle with cochlear nerve fibers 
proximal to Scarpa ganglia. Consequently, both incomplete 
vestibular deafferentation and partial hearing loss are possi-
ble (Fig. 7.4) [25, 26]. Second, when the vestibular nerve is 
sectioned, the potential for regeneration exists. In contrast 
with a middle cranial fossa vestibular neurectomy, resection 
of the primary afferent somata within Scarpa ganglia elimi-
nates the possibility of regeneration [27, 28].

We resect a segment of the vestibular nerve (Fig. 7.3) to 
avoid the possibility of regeneration. In contrast to the 98% 
rate of elimination of vertigo reported to be associated with 

Fig. 7.4 Tracings of a pathological image showing the cable-like pat-
terns of the eighth cranial nerve, in cross sections, from human adults. 
The cochlear (Coch.) and vestibular (Vest.) regions are distinguished 
from each other by different types of stippling. The solid white areas (P.I.) 
represent the pars intermedia (nervus intermedius or Wrisberg nerve) of 
the seventh cranial nerve. (a) Cross section slightly central to the vestibu-
lar ganglia. Both cochlear and vestibular portions consist of many small 
bundles and the cochlear nerve beginning to fuse. (b) A section of the 
same nerve as shown in (a), 2 mm further centrally, shows not only com-
plete fusion of the cochlear nerve but several vestibular fasciculi. The 
vestibular bundles ultimately fuse with each other and with the cochlear 
component until a single trunk is formed, similar to (e). (c) A case in 

which neither the cochlear nor vestibular nerves are fused completely 
through most of their course in the internal auditory meatus and sub-
arachnoid space. (d) Example showing the eighth cranial nerve repre-
sented by two distinct trunks, one of which was apparently purely 
vestibular. The other was mostly cochlear but with a prominent vestibular 
region amounting to about one-fifth of the cross- sectional area of the 
cochlear trunk. (e) Example of a common condition in which there is a 
single trunk, little more than half of which (upon microscopic examina-
tion) is found to be vestibular and the rest cochlear. (f) A case where 
incomplete glial septa approximately indicate the division between the 
cochlear and vestibular trunks. There are usually at least a few vestibular 
fibers on the cochlear side of such septa. (Adapted from Rasmussen [25])
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middle cranial fossa vestibular neurectomy [29], 90–92% of 
patients undergoing posterior fossa vestibular neurectomy 
are relieved of vertigo [11, 24]. This difference may reflect 
imperfect patient selection or incomplete transection of the 
vestibular nerve.

The incidence of early CSF leakage associated with ves-
tibular neurectomy is reported to be about 10% [11]. The 
retrosigmoid-IAC approach has been associated with postop-
erative headache, described as severe, in 75% of patients [11, 
30]. The cause of the headache is unclear, although bone dust 
has been suspected. Both of these complications are related to 
opening the IAC. With the procedure described herein, this 
transmeatal approach is unnecessary [31]. However, the size 
of our series is modest. In some cases, if the cleavage plane 
between the cochlear and vestibular nerves cannot be seen 
within the IAC using a 30°, 45°, or 70° endoscope, the IAC 
may need to be opened. One of our patients suffered profound 
hearing loss during retractor placement. In the literature on 
microvascular decompression, the incidence of ipsilateral 
hearing loss attributed to cerebellar retraction ranges from 
2% to 8% of patients [32, 33].

 Neurectomy of the Nervus Intermedius

Endoscope-assisted surgery can be used to perform rhizot-
omy of other cranial nerves. An example of another applica-
tion, neurectomy of the nervus intermedius for intractable 
geniculate neuralgia, is presented below.

 Case Report

A 47-year-old woman who had experienced unilateral right 
otalgia for 4 months was initially treated for presumed otitis 
externa with ototopical agents and prednisone, without relief. 
She was then referred for further evaluation. An audiogram 
demonstrated normal thresholds, discrimination, and tympa-
nometric results. Her otologic, neurotologic, and complete 
head and neck examination were within normal limits. 
Computed tomography (CT) of the temporal bones and mag-
netic resonance imaging (MRI) with gadolinium enhance-
ment of the temporal bones, IACs, and skull base were 
unremarkable. An evaluation by an oral surgeon failed to 
reveal temporomandibular joint arthropathy. A 12-month 
trial of carbamazepine (Tegretol) followed by baclofen 
(Lioresal) and gabapentin (Neurontin) was completed with 
no change in her otalgia. Her erythrocyte sedimentation rate, 
titer for Lyme disease, and values from a full laboratory eval-
uation were normal. The patient underwent a retrosigmoid 
posterior fossa craniotomy with endoscope-assisted section 
of the nervus intermedius for presumed geniculate neuralgia 
(Fig.  7.5). Fifteen years after surgical intervention, the 

patient reports that her otalgia had resolved and had not 
recurred. Sensation was decreased but not absent in the right 
posterior concha. She had no other neurologic deficits.

 Diagnosis of Geniculate Neuralgia

Geniculate neuralgia as the cause of primary otalgia is rare. 
However, anatomic and clinical studies have shown a clear 
sensory component to the seventh cranial nerve that can be 
implicated in geniculate neuralgia (Fig.  7.6) [34]. Sensory 
innervation to the cutaneous areas of the internal and exter-
nal ear is complex: the ear is the locus for cranial nerves V, 
IX, X, the nervus intermedius (i.e., Wrisberg nerve) [35], and 
the upper cervical dorsal roots. Cases refractory to conserva-
tive therapy can be managed surgically. As cited by Hunt 
[34], the index case of primary otalgia treated by section of 
the nervus intermedius, which was reported by Clark and 
Taylor, served to establish geniculate neuralgia as a definite 
clinical entity.

Before a patient is diagnosed with geniculate neuralgia, 
an extensive differential diagnosis should be entertained. 
Otitis; temporomandibular joint disease; Eagle syndrome; 
carcinoma of the nasopharynx, temporal bone, external audi-
tory canal, or pinna; vascular lesions; and referred pain from 
the CPA, larynx, and pharynx must be eliminated clinically 
and diagnostically. Complete neurologic, otologic, and den-
tal evaluations are paramount.

 Functional Anatomy

Attempts at sensory ablation have focused on section of the 
nervus intermedius with or without section of other cranial 
nerves, section of the greater superficial petrosal nerve, and 
resection of the geniculate ganglion [36]. Others have found 
vascular loops associated with these cranial nerves and advo-
cate their decompression or section of the nervus interme-
dius combined with microvascular decompression of other 
cranial nerves [36]. In major series, success rates associated 
with sectioning of the nervus intermedius range from 72% to 
90% [36, 37].

The facial nerve has two major components: a larger 
motor component supplies the facial musculature, and a 
smaller component, the nervus intermedius, contains sensory 
and parasympathetic nerve fibers. The nervus intermedius 
has distinct features and can be considered a separate cranial 
nerve. Its sensory portion is responsible for taste sensation 
on the anterior two-thirds of the tongue as well as for sensa-
tion of the external auditory canal and concha. The 
 parasympathetic portion of the nerve supplies secretomotor 
fibers to the lacrimal, submandibular, sublingual, nasal, and 
palatine glands.
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Fig. 7.5 Endoscopic view of the right nervus intermedius within the 
posterior fossa, in relationship to the trigeminal (V), abducens (VI), 
facial (VII), and cochleovestibular (VIII) nerves. (a) Initial view into 
the posterior fossa and cerebellopontine angle. The cleavage plane 
between the vestibular nerve (VN) and cochlear nerve (CN) can be seen 
distal to the vestibulocochlear nerve (VIII). bs brainstem. (b) 
Intermediate segment of the nervus intermedius (arrow) seen entering 
the porus acusticus (P). (c) In this patient, the nervus intermedius 

(arrow) is separated from the vestibular nerve (VN) by a looping branch 
of the anterior inferior cerebellar artery (arrowheads) before neurec-
tomy. (d) Cut ends of the nervus intermedius (long arrows) are seen 
between cranial nerves VII and VIII.  The anterior inferior cerebellar 
artery is visible in the foreground at the root entry zone of the vestibu-
locochlear nerve. The trigeminal nerve (V) is seen in the background. 
(Published with permission, copyright © 2007 P. A. Wackym, MD)

As described by Rhoton and colleagues [38], the nervus 
intermedius can be divided into three principle segments. 
The proximal portion is adherent to the eighth cranial nerve 
just anterior to the superior vestibular nerve at the brainstem. 
The intermediate segment lies free between the seventh and 
eighth cranial nerves (Fig. 7.5). The distal segment becomes 
incorporated into the seventh cranial nerve, usually within 
the porus acusticus (Fig. 7.3a).

In cadaveric studies, Rhoton and colleagues found that in 
most instances the nervus intermedius existed as a single 

nerve trunk. In the remainder, it was composed of as many as 
four rootlets. In about 20% of the cases, the nervus interme-
dius was adherent to the eighth cranial nerve throughout the 
area between the brainstem and porus acusticus. If the use of 
a 30°, 45° or 70° endoscope fails to identify this plane in 
these cases, the posterior lip of the internal auditory canal 
must be unroofed to allow access. Arteries coursing to sup-
ply the brainstem dorsal to the eighth cranial nerve may be 
found passing between the seventh and eighth cranial nerves 
as far laterally as the internal auditory meatus. In 5 of their 
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Fig. 7.6 J. Ramsay Hunt described the distribution of the sensory com-
ponent of the seventh cranial nerve in his clinical studies of patients 
with Herpes zoster oticus. This figure from his 1937 paper illustrates 
the sensory distribution of the nervus intermedius in the auricle [34]

37 cases, a branch of the AICA was seen to enter the internal 
acoustic meatus with the seventh and eighth cranial nerves, 
giving rise to the labyrinthine artery, which looped back to 
supply the brainstem.

 Neurectomy of the Glossopharyngeal Nerve

 Natural History and Clinical Manifestations 
of Glossopharyngeal Neuralgia

The definitive origin of glossopharyngeal (vagoglossopha-
ryngeal) neuralgia is unknown. Its peak age of onset is 
between 40 and 60 years. Glossopharyngeal neuralgia affects 
men as frequently as women. It is almost always unilateral, 

and it is most common on the left side (about a 3:2 ratio). It 
is 70–100 times less common than trigeminal neuralgia.

Glossopharyngeal neuralgia is characterized by parox-
ysms of pain in the sensory distribution of the ninth cranial 
nerve. On the basis of the distribution of the ninth cranial 
nerve, pain may be experienced primarily in the ear (otalgia) 
or in the throat (pharyngeal) or, rarely, in both locations. In 
10–15% of individuals, painful paroxysms may be associ-
ated with bradycardia or asystole.

Except for the location of the pain and sensory stimuli 
that induce it, the attacks are identical to those of trigeminal 
neuralgia. Attacks are typified by a series of lancinating, 
electric-like jabs of pain in the region of the tonsil or poste-
rior third of the tongue. Painful paroxysms may occur spon-
taneously or be triggered by a non-noxious sensory stimulus 
or event such as swallowing.

Initially, long pain-free intervals occur, but the episodes 
of neuralgia usually become more frequent with time. 
Paroxysms also often occur in clusters, which may recur 
through days, weeks, or months.

Radiation to the external auditory meatus or angle of the 
mandible may make it difficult to differentiate glossopharyn-
geal neuralgia from trigeminal neuralgia involving the third 
division of the trigeminal nerve or from pain arising from the 
nervus intermedius. Occasionally, glossopharyngeal neural-
gia and trigeminal neuralgia of the third division may coexist 
and require surgical manipulation of both fifth and ninth cra-
nial nerves [39].

Like trigeminal neuralgia, glossopharyngeal neuralgia 
may occur as a result of a structural lesion involving the glos-
sopharyngeal nerve (secondary neuralgia) or as an idiopathic 
event (primary glossopharyngeal neuralgia). Neoplasms 
account for most cases of secondary glossopharyngeal neu-
ralgia and are usually extracranial and malignant.

 Functional Anatomy

The glossopharyngeal nerve leaves the lateral surface of the 
medulla, dorsal to the inferior olivary nucleus, and courses 
through the cephalad portion of the jugular foramen. It is 
separated from the fibers of the tenth and eleventh cranial 
nerves by a distinct dural septum. The ganglia of the glos-
sopharyngeal nerve lie within the jugular foramen.

The glossopharyngeal nerve is a mixed nerve. The gen-
eral somatic afferent fibers supply sensation to the back of 
the ear. Their cell bodies are in the superior ganglion, and 
the central connections terminate in the spinal nucleus of 
the trigeminal nerve. The general visceral afferent fibers 
supply sensation to the carotid sinus, carotid body, eusta-
chian tube, pharynx, and tongue. The cell bodies are in the 

7 Functional Surgery of the Cerebellopontine Angle



96

inferior (petrosal) ganglion, and the central connections ter-
minate in the solitary tract. The special visceral afferent 
fibers from the taste receptors of the posterior third of the 
tongue, in like manner, have cell bodies in the inferior 
(petrosal) ganglion and terminate in the solitary tract. The 
general visceral efferent fibers, which supply the parasym-
pathetic innervation to the parotid gland, arise in the inferior 
salivatory nucleus and terminate in the otic ganglion. The 
special visceral efferent fibers, which innervate the stylo-
pharyngeus muscle of the pharynx, originate in the nucleus 
ambiguus.

 Differential Diagnosis

Glossopharyngeal neuralgia can sometimes be confused 
with geniculate neuralgia or mandibular trigeminal neuralgia 
[40]. When dilemmas arise about the nerves that are the ori-
gin of the neuralgia, differential temporary blocks using 10% 
cocaine may be used to enable neurological localization. A 
cocaine block of the pharynx relieves the pain associated 
with the ninth cranial nerve, whereas a cocaine block of the 
pyriform fossa relieves neuralgia associated with the supe-
rior laryngeal branch of the vagus nerve. Blocking the fora-
men ovale with bupivacaine determines whether a component 
of the pain is caused by the third division of the trigeminal 
nerve. A tetracaine block of the jugular foramen blocks all 
afferent impulses via the ninth and tenth cranial nerves and 
helps diagnosis in the rare patient suffering from pain medi-
ated by the nervus intermedius component of the seventh 
cranial nerve [40]. Some have also advocated combining 
glossopharyngeal neurectomy with partial vagus nerve rhi-
zotomy. Ma and colleagues reviewed their series of 103 
patients undergoing glossopharyngeal neurectomy [41]. 
They found that the long-term complication rate was far 
lower in glossopharyngeal neurectomy alone compared to 
their patients who underwent glossopharyngeal neurectomy 
plus partial vagus rhizotomy (3.8% versus 35.8%, 
respectively).

 Treatment Options

General treatment options for glossopharyngeal neuralgia 
include medical management with carbamazepine [39], phe-
nytoin [39], or baclofen [42]. If medical treatment fails, sur-
gical options include a block of the ninth cranial nerve at the 
jugular foramen, microvascular decompression, and neurec-
tomy of the glossopharyngeal nerve [40]. Repetitive alcohol 
or radiofrequency blocks are effective for the treatment of 

trigeminal neuralgia. However, significant vagal deficits ren-
der this option untenable for the treatment of glossopharyn-
geal neuralgia.

Various authors advocate microvascular decompression, 
but the results are mixed. Microvascular decompression risks 
intraoperative cardiac abnormalities and may be associated 
with a postoperative recurrence of pain. Hypertensive crises 
and intra- and extracerebellar hemorrhage have been associ-
ated with manipulation of the ninth and tenth cranial nerves 
during microvascular decompression [43]. Both the litera-
ture and the experience of the authors suggest that sectioning 
nerve rootlets in the posterior fossa offers a more precise 
mechanism to address refractory pain syndromes unrespon-
sive to medical therapy [40], as originally suggested by 
Dandy in 1927 [44].

 Preoperative Preparation

In planning surgical treatment, the surgical team must remain 
aware of the clinical phenomena associated with hypersensi-
tivity of the dorsal motor nucleus of the vagus nerve. These 
symptoms include cardiac arrest, syncope, and seizures. 
These potential adverse events should be discussed thor-
oughly with the patient.

Prophylactic antibiotic coverage is administered. The 
patient is prepared with leads placed to monitor intraopera-
tive somatosensory and auditory evoked potentials. As for all 
posterior fossa procedures, at least two intravenous access 
sites are recommended. General anesthesia is induced, and 
an arterial line is placed. A right atrial catheter is placed if the 
sitting position is to be used. Adequate anesthesia is admin-
istered for pin placement. If necessary, additional local anes-
thesia can be administered.

 Patient Positioning

The sitting or lateral decubitus position may be used. In the lat-
eral decubitus position (Fig. 7.7a), the lower axilla is supported 
by a roll (the authors typically use a 1-L bag of saline wrapped 
in a blanket). The patient’s head is flexed forward and laterally, 
away from the operative site. The ipsilateral shoulder is retracted 
toward the feet using cloth tape. Care is taken to avoid excessive 
retraction, which may be associated with brachial plexus injury. 
A pillow is placed between the flexed knees. With the use of 
muscle relaxants, the weight of the arms is sometimes sufficient 
to cause stretch injuries of the brachial plexus. Several retractor 
systems are available. The authors prefer to use the Leyla bar. 
The table attachment is secured before the skin incision is made. 
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Fig. 7.7 Patient positioning, scalp incision, and craniectomy. (a) Lateral decubitus position. (b) Skin incision relative to the muscles. (c) 
Craniectomy. Note location of the sigmoid sinus and foramen magnum. (Published with permission, copyright © 2007 S. N. Kurpad, MD)

Care should be exerted to ensure that the crossbar is completely 
removed from the surgical field.

 Operative Technique

A linear or S-shaped incision is made over the occipital bone 
(Fig. 7.7b). A 3-cm craniectomy is performed using a high- 
speed drill to incorporate the portion of the occipital bone 
that lies directly adjacent to the foramen magnum (Fig. 7.7c). 
The dural margin remains adherent to the edges of the crani-
ectomy. The dura is opened in a cruciate manner and sutured 
back over the craniectomy margin to the pericranium, occipi-
tal fascia, or muscle layer. Epidural oozing is controlled with 
Surgicel® strips (Johnson & Johnson Medical Device 
Companies, New Brunswick, NJ, USA).

The operating microscope is brought in under high 
magnification. Using a medium-sized malleable retractor 

blade, the cerebellar hemisphere is elevated to expose the 
arachnoid of the cisterna magna, which is opened. The 
resulting drainage of CSF maximizes atraumatic cerebellar 
relaxation. The ninth cranial nerve in the jugular foramen 
is almost always separated by a dural septum from the 
tenth and eleventh cranial nerves and jugular vein 
(Fig. 7.8). The ninth cranial nerve and upper sixth to eighth 
of the filaments of the tenth cranial nerve are sectioned 
with the aid of a spatula or with a blunt hook and bipolar 
coagulation. The dural opening is closed primarily or by 
using pericranium, fascia lata, or homologous dura as a 
graft.

Postoperatively, sensation over the pharynx and taste over 
the posterior third of the tongue are usually diminished. The 
gag reflex is abolished on the side of the divided nerve. 
Swallowing may sometimes be disturbed transiently. In our 
experience, only one of five patients has experienced pro-
longed swallowing difficulties.
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Fig. 7.8 Artist’s illustration 
showing the intraoperative 
microscopic view of the 
cerebellopontine angle. (a) 
Cranial nerves IX and X are 
separated by dural septum. 
(b) Relationships of the lower 
cranial nerves to the posterior 
inferior cerebellar artery. 
(Published with permission, 
copyright © 2007 S. N. 
Kurpad, MD)

Fig. 7.9 T2-weighted axial MRI shows vessel crossing the right root 
entry zone of the eighth cranial nerve complex (arrow). Normal 
cochlea, vestibular apparatus, and cochlear and inferior vestibular 
nerves are shown. (Published with permission, copyright © 2007 P. A. 
Wackym, MD)

 Microvascular Decompression

Microvascular compression syndromes of the trigeminal, 
facial, cochlear, and vestibular nerves have been described as 
the origin of trigeminal neuralgia (tic douloureux), hemifa-
cial spasm, subjective tinnitus, and vestibular dysfunction, 
respectively [45]. We have performed endoscope-assisted 
microvascular decompression for the treatment of all of these 
entities, except vascular loop-induced vestibulopathy 
(Figs. 7.9, 7.10, and 7.11). In all cases, symptoms resolved or 
improved. However, it should be noted that van den Berge 
and colleagues completed a systematic review and meta- 
analysis of 35 studies (572 patients) undergoing microvascu-
lar decompression for tinnitus or vertigo [46]. They 
concluded, due to the low success rates, that microvascular 
decompression cannot be considered a standard treatment 
method for tinnitus or vertigo.

 Case Report: Microvascular Decompression 
for Tinnitus

A 54-year-old woman presented with intractable right unilat-
eral tinnitus after several years of unsuccessful medical man-
agement. Based on MRI studies, she did not have a vestibular 
schwannoma. However, MRI showed a large vessel crossing 
the root entry zone of the vestibulocochlear complex 
(Fig. 7.9). She elected to undergo microvascular decompres-
sion using endoscopic techniques. Intraoperatively, the ABR 
and facial nerve were monitored. A small incision and crani-

otomy, as described in the earlier section on vestibular neu-
rectomy, were completed (Fig.  7.10a). Upon inspection of 
the CPA, a vein was found to be compressing the root entry 
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Fig. 7.10 Endoscopic microvascular decompression for intractable 
tinnitus in the right ear. (a) A 3–4-cm linear incision is designed to 
extend caudally from the transverse sinus. The Mayfield head holder 
is used to attach the endoscope holder. The intraoperative auditory 
brainstem evoked response is monitored, and facial nerve electromy-
ography is performed during the microvascular decompression pro-
cedure. (b) Initial endoscopic view of the eighth cranial nerve 
complex (center of field) and cranial nerves IX, X, and XI entering 
the jugular foramen (right of field). Numerous arterial branches from 

the anterior inferior cerebellar artery (AICA) are seen over the ves-
tibulocochlear nerve. A single vein crosses the root entry zone of the 
cochlear nerve. (c) After the vein crossing the root entry zone is 
mobilized, indentation and demyelination of the cochlear nerve are 
apparent (arrow). (d) Polytetrafluoroethylene (Teflon) felt is placed 
between the vestibular and cochlear nerves and the branches from the 
AICA and the vein crossing the root entry zone of the vestibuloco-
chlear nerve. (Published with permission, copyright © 2007 P.  A. 
Wackym, MD)

zone of the cochlear nerve and numerous branches of the 
AICA surrounded the vestibulocochlear nerve (Fig. 7.10b). 
After the vein was mobilized and elevated, the cochlear 
nerve was seen to be demyelinated and indented at the com-
pression site (Fig.  7.10c). Teflon (polytetrafluoroethylene) 
felt was placed between the mobilized vessels and the ves-
tibulocochlear nerve complex (Fig. 7.10d).

Postoperatively, the patient experienced subjective 
improvement of her tinnitus. The character of her tinnitus  
changed to a higher frequency that was much less intense 
and only occurred intermittently. Approximately 1 year after 
surgery, she experienced a 20–25  dB decrease in her pure 
tone average in the affected ear. Eighteen years after surgery, 
she had experienced no further changes.
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Fig. 7.11 Microvascular decompression for right trigeminal neuralgia. 
(a) Initial endoscopic view on exposure of the right cerebellopontine 
angle, using a 4 mm 0° endoscope. Multiple arteries and veins are in 
contact with the trigeminal nerve (V) at the entry zone to the brainstem. 
(b) Panoramic examination of the trigeminal nerve (V) using the 30° 
endoscope demonstrates compression by a large superior cerebellar 

artery. (c) After the large superior cerebellar artery compressing the tri-
geminal nerve (V) is elevated, the view through a 30° endoscope dem-
onstrates the displacement of the artery from the nerve. (d) Panoramic 
examination of the nerve using the 0° endoscope after decompression 
of the trigeminal nerve (V). (Published with permission, copyright © 
2007 P. A. Wackym, MD)

 Authors’ Experience: Microvascular 
Decompression for Trigeminal Neuralgia or 
Hemifacial Spasm

Although the authors have a much greater depth of experi-
ence, for this chapter we will summarize 30 patients with 
trigeminal neuralgia and seven patients with hemifacial 
spasm who had failed medical management and underwent 
endoscope-assisted microvascular decompression. Anatomic 
compression of the nerve entry or exit zone was confirmed in 
all 37 patients. In each case, an arterial loop was considered 
responsible for the patient’s clinical symptoms. The superior 
cerebellar artery was the offending vessel in patients with 
trigeminal neuralgia, and the AICA was the offending vessel 

in patients with hemifacial spasm. In several cases, multiple 
vessels—both arteries and veins—were identified adjacent 
to the dysfunctional cranial nerve at its junction with the 
brainstem (Fig. 7.11). When using the microscope alone, it 
was difficult to identify the compressive vessel. However, in 
all cases, endoscopy clarified the exact site of the clinically 
significant compression.

 Endoscopy as a Surgical Adjunct During 
Microvascular Decompression

Trigeminal neuralgia, hemifacial spasm, glossopharyngeal 
neuralgia, tinnitus, and disabling positional vertigo have all 
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been associated with vascular compression [43]. 
Microvascular decompression involves separating the com-
pressive vessel from its point of contact with the cranial 
nerve root entry or exit zone and interposition of a prosthesis 
(usually Teflon felt) to prevent further nerve compression.

Extensive experience has shown that 62–64% of patients 
with trigeminal neuralgia have a compressive artery, 12–24% 
have a compressive vein, 13–14% have both a compressive 
artery and a vein, and 8% have either a tumor or vascular 
malformation compressing the trigeminal nerve [47]. The 
initial failure rate for microvascular decompression for tri-
geminal neuralgia is 2–7%. The incidence of recurrence is 
3.5% per year [48–50]. In 1996 Barker and colleagues 
reported 1185 patients who underwent microvascular decom-
pression for trigeminal neuralgia with a mean follow-up of 
6.2  years. Thirty percent of their patients experienced a 
major recurrence, and 11% required a second microvascular 
decompression [51]. Lu and colleagues completed a system-
atic review and meta-analysis of 683 patients (13 studies) 
treated by stereotactic radiosurgery who were compared 
with 670 patients treated by microvascular decompression 
for medically refractive trigeminal neuralgia [52]. They 
found that both stereotactic radiosurgery and microvascular 
decompression alleviate pain in medically refractive trigemi-
nal neuralgia patients; however, microvascular decompres-
sion results in superior rates of short- and long-term pain 
relief, facial numbness, and dysesthesia control and less 
recurrence among those in whom pain freedom was achieved, 
at the cost of greater postoperative complications compared 
with SRS.

The absence of a clear site of arterial compression has 
been associated with high recurrence rates [51, 53]. Patients 
found to have only venous compression and no arterial com-
pression are most likely to suffer a recurrence [51]. Kureshi 
and Wilkins reported their surgical experience with 31 poste-
rior fossa reexplorations for recurrent or persistent trigemi-
nal neuralgia and hemifacial spasm [54]. In three (10%) 
cases, they discovered new or previously unrealized arterial 
compression of neural structures. Similarly, of 116 who 
underwent reoperation after their first microvascular decom-
pression failed, a previously unseen arterial compression 
was identified in 65.5% [55]. Liao and colleagues discovered 
persistent vascular compression in three of five patients 
undergoing repeat microvascular decompression [56].

Some have doubted that microvascular compression of a 
cranial nerve can be the cause of trigeminal neuralgia and 
other cranial nerve dysfunction syndromes. However, during 
decompression procedures, identification of an arterial ves-
sel compressing the trigeminal nerve in patients with trigem-
inal neuralgia or the facial nerve in patients with hemifacial 
spasm increases cure rates and decreases recurrence rates 
compared with cases in which a specific artery is not identi-
fied. We believe that some microvascular decompressive pro-

cedures fail because the offending vessel is not identified 
during the primary operation.

Some of these failures occur because the microscope pro-
vides incomplete information about the anatomic relation-
ship between the nerves and vessels. The 0° endoscope 
provides a panoramic view of the CPA, and an angled endo-
scope enables the surgeon to “look around corners.” Magnan 
and colleagues used an endoscope to treat 60 patients with 
hemifacial spasm. The operating microscope was able to 
visualize the offending vessel in 28% of cases, whereas the 
endoscope was effective in 93% of the same cases [57]. We 
believe that the adjunctive use of the endoscope in microvas-
cular decompressive procedures improves surgical 
outcomes.

 Auditory Brainstem Implantation

During recent decades, the restoration of hearing in individu-
als with clinically significant hearing loss from a wide range 
of causes has advanced dramatically. At present, surgical 
intervention in the form of cochlear implants can provide 
useful auditory perception in individuals deriving little or no 
benefit from hearing aids; however, these auditory prosthe-
ses require an intact cochlear nerve to conduct the electrical 
signals to the brainstem. The restoration of auditory percep-
tion in individuals deafened by loss of the vestibulocochlear 
nerve is currently being provided by ABIs.

The ABI is a device consisting of several electrodes 
placed on the surface of the brainstem so that the cochlear 
nuclei can be stimulated directly [58, 59]. Externally, the 
ABI is coupled with a digital sound processor similar to that 
of a cochlear implant. Such stimulation can provide useful 
perception of environmental sounds and even open-set 
speech comprehension [58, 59]. However, there is also evi-
dence that patients receiving an ABI who do not have neuro-
fibromatosis type II (NF2), such as patients with a temporal 
bone fracture and no functional cochlear nerve, perform at a 
much higher level as measured by open-set speech discrimi-
nation testing than those who do not have an ABI [60].

Only one ABI is available commercially in the United 
States. Cochlear Americas’ (Englewood, CO) ABI is 
approved in the United States by the Federal Drug 
Administration (FDA) for use in individuals 17  years or 
older with NF2 undergoing resection of a vestibular schwan-
noma (acoustic neuroma) or in patients undergoing resection 
of an acoustic neuroma in an only-hearing ear [61]. When 
both cochlear nerves must be sacrificed during resection of 
bilateral tumors, patients with NF2 are left with complete 
sensorineural deafness [62].

Cochlear Americas’ array is a 21-electrode device with 
the electrodes embedded in a silastic paddle backed with 
Dacron mesh. This device is also used intraoperatively as a 
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stimulating electrode for the electrically evoked auditory 
brainstem response (EABR) to help identify the optimal 
position for the electrode paddle [58]. The recommended 
protocol with this device is to use a translabyrinthine 
approach to the tumor and subsequent implantation of the 
ABI [58]. An FDA clinical trial of a new electrode array with 
a penetrating electrode was completed, and several patients 
have now received this device.

Optimal placement of the electrode onto the cochlear 
nucleus is difficult because this complex cannot be directly 
visualized through the operating microscope via the surgical 
approaches used to resect these tumors. However, the use of 
the endoscope during the placement of an ABI electrode 
array has been explored to accomplish this goal [63, 64]. Our 
team has taken a multidisciplinary approach in ABI electrode 
placement using endoscopic guidance and electrophysio-
logic mapping to optimize electrode placement. This strat-
egy has increased the number of active electrodes, reduced 
the number of electrodes producing side effects, and reduced 
the number of nonactive electrodes.

 Translabyrinthine Approach

The translabyrinthine dissection should be performed in 
standard fashion with an operating microscope and basic 
otologic instruments. In brief, a complete mastoidectomy is 
performed, and the facial nerve and semicircular canals are 
identified. The vestibular labyrinth is removed, and the dura 
of the posterior and middle fossae is exposed. Working from 
the ampulla of the superior semicircular canal, the surgeon 
skeletonizes the IAC.  The jugular bulb is identified and 
should be decompressed thoroughly to provide direct visual-
ization of the rostral fibers of the glossopharyngeal nerve. 
Doing so allows the identification of an important landmark 

and provides access for the endoscope during implantation. 
The posterior fossa dura is then incised and reflected to 
expose the cerebellum and flocculus.

At this point, the tumor would be removed. Additional 
intraoperative challenges are typically encountered as a 
result of the distortion of landmarks produced by compres-
sion or extirpation of the tumor. In such case, the use of the 
landmarks described is even more critical because a stepwise 
approach may allow identification of the implant site in a 
grossly distorted CPA.

A 0° endoscope is advanced into the operative field and 
used to identify the flocculus and the vestibulocochlear and 
glossopharyngeal nerves (Fig. 7.12). In some individuals, the 
choroid plexus may be visible over or just inferior to the floc-
culus. The vestibulocochlear and glossopharyngeal nerves 
appear to converge behind the flocculus at an imaginary point 
near the dorsal cochlear nucleus. A 30° or 45° endoscope can 
now be passed over (i.e., lateral) the flocculus to visualize the 
choroid plexus. The choroid plexus can be traced medially to 
the rhomboid lip and foramen of Luschka. Use of the angled 
endoscope allows this task to be accomplished with minimal 
retraction on the flocculus, thereby helping to preserve the 
taenia chordae. Under endoscopic visualization, the McCabe 
flap knife (V. Mueller, CareFusion, San Diego, CA, USA) is 
used to gently retract the choroid and to expose the surface of 
the brainstem and lateral recess of the fourth ventricle. The 
surface of the brainstem within the recess glistens character-
istically due to the overlying ependyma.

The endoscope should be stabilized at the periphery of the 
operative field to allow the electrode and instruments to be 
introduced and manipulated. It can be positioned superiorly 
against the tegmen or inferiorly against the bony ridge 
remaining over the tympanic and mastoid facial nerve. 
Decompression of the jugular bulb creates adequate space 
for the distal aspect of the endoscope to be maneuvered. The 

Fig. 7.12 Illustration detailing the landmarks 
visible near the cochlear nucleus via the 
translabyrinthine approach. N nerve. (Published 
with permission, copyright © 2007 P. A. 
Wackym, MD)

P. A. Wackym et al.



103

position of the endoscope is determined by the side of the 
patient being operated on and by the dominant hand of the 
surgeon. There is a tendency for the temperature of the distal 
endoscope to increase, which can cause neural stimulation 
and potentially neural damage. Therefore, the endoscope 
must be positioned near the facial nerve with care, and 
evoked potentials should be monitored closely.

The implant is introduced into the site with a Rosen nee-
dle or a No. 11 Rhoton dissector (V. Mueller). The paddle is 
directed into the foramen of Luschka. The angled endoscope 
allows the entire length of the electrode array to be visual-
ized to ensure full contact with the brainstem. The position 
of the implant can be recorded with digital image capture 
and digital video to help correlate anatomy with the results 
of electrophysiologic testing.

The distal portion of the electrode extends through the 
surgical defect to the receiver/stimulator. This maneuver is 
similar to that performed with a cochlear implant, and the 
electrode is implanted in the same manner. The defect is 
closed in standard translabyrinthine fashion, and routine 
postoperative management is followed.

 Retrosigmoid Approach

The retrosigmoid or suboccipital approach is performed in 
the standard manner. The opening should be large enough to 
extirpate the tumor safely. When an ABI is placed for non-
 NF2 applications, the opening can be smaller. The use of the 
endoscope actually permits a smaller craniotomy to be used 
than would be needed with the operating microscope. 
However, the optical modality used for tumor removal should 
take precedence and determine the surgical approach. The 
dura is incised and reflected to expose the cerebellum. A cer-
ebellar retractor is placed to provide access to the CPA. In 

this description, it is assumed that the lateral medullary 
 cistern is opened and the bone over the IAC is drilled to 
expose a tumor.

The principal criticism of the retrosigmoid approach for 
placement of an ABI is the perceived need for extensive cer-
ebellar retraction to expose the implant site. However, endo-
scopic visualization of the lateral recess of the fourth 
ventricle usually requires less retraction than a translabyrin-
thine approach. A 30° or 45° endoscope can be passed along 
the cerebellar retractor to “look” medially into the implant 
site even if the site is not visible directly through the 
craniotomy.

In the retrosigmoid approach, the landmarks for the dor-
sal cochlear nucleus are identical to those used in the trans-
labyrinthine approach. However, the perspective is shifted in 
a slightly caudal direction, and visualization of the surface of 
the brainstem within the recess is less oblique. Consequently, 
it is easier to identify the ABI electrode contact site 
(Fig. 7.13). As in the translabyrinthine approach, the operat-
ing microscope is introduced first to identify the flocculus 
and vestibulocochlear and glossopharyngeal nerves. The 
root entry zone of the eighth cranial nerve is hidden behind 
the flocculus, but the entry of the glossopharyngeal rootlets 
may be apparent.

Once the surgeon is oriented to the gross anatomy, the 30° 
or 45° endoscope can be introduced to look “around” the 
flocculus. The root entry zones and the choroid plexus 
emerging from the foramen of Luschka should be clearly 
visible. The flocculus can now be retracted with the McCabe 
flap knife to expose the rhomboid lip, lateral recess, and glis-
tening brainstem surface overlying the dorsal cochlear 
nucleus. Visualization of a small amount of taenia chordae 
further helps define the cochlear nuclear complex.

At either the superior or inferior aspect of the field, the 
endoscope should be stabilized against the cerebellar 

Fig. 7.13 Illustration detailing the landmarks 
visible near the cochlear nucleus via the 
retrosigmoid approach. IX = glossopharyngeal 
nerve fibers; X = vagal nerve fibers; XI = spinal 
accessory nerve fibers; JB = jugular bulb (ghosted 
in position); N = nerve. (Published with 
permission, copyright © 2007 P. A. Wackym, MD)
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 retractor. The side of the operation and the dominant hand of 
the surgeon determine which aspect is used. The ABI is 
advanced to the implant site with a Rosen needle or a No. 11 
Rhoton dissector and maneuvered into the foramen of 
Luschka. We have found that using this instrument, com-
bined with the less oblique approach to the brainstem, makes 
the placement of the implant relatively easy. The position of 
the implant can be confirmed with the endoscope.

Once the ABI is initially placed under endoscopic guid-
ance, the EABR is tested. Repositioning the electrode array 
under endoscopic control and retesting the EABR optimize 
the placement of the electrode. This process typically 
requires 30–60 min. However, in one of our cases, this pro-
cess required 3 h.

 Authors’ Clinical Experience

To date, our team has placed seven ABIs in six patients, five 
with NF2 and one with a nonfunctional cochlear nerve 
caused by a temporal bone fracture (Fig.  7.14). The same 
multidisciplinary approach to placement of the ABI elec-
trode was used in all patients. As described elsewhere, the 
electrode paddle was placed endoscopically by the same sur-
geon (Wackym) [63, 64]. Intraoperative EABR was per-
formed using the paradigm suggested by Cochlear Americas, 
with the exception that mapping was repeated until place-
ment of the electrode was optimal, as defined by the maxi-
mum number of active auditory electrodes using EABR.

Localization of the brainstem surface overlying the dorsal 
cochlear nucleus can be challenging. Brackmann and col-
leagues noted that in lower mammals the dorsal nucleus 
forms a characteristic “bulge” on the brainstem surface, 
which they have not observed in humans [65]. We have inter-
mittently seen this surface bulge in both cadaveric specimens 
and in our patients undergoing endoscopic placement of an 
ABI; consequently, this landmark may be inconsistent at best 
[63, 64]. Further complicating localization of the dorsal 
cochlear nucleus is its position within the lateral recess of the 
fourth ventricle, an area reported not to be directly visible 
within the surgical field of the standard translabyrinthine 
approach [66]. The site of implantation also may be obscured 
in a translabyrinthine dissection [65]. Because this region is 
difficult to localize in a clinical setting, the importance of 
surgical landmarks to guide the surgeon has been stressed 
[63, 64]. We have found that the retrosigmoid approach pro-
vides the best view of the cochlear nucleus complex via the 

operating microscope. Rhoton’s group agreed with our con-
clusion that adjunctive endoscope use is helpful in auditory 
brainstem implant placement and that either the translabyrin-
thine or retrosigmoid approach can be effectively used [67].

Although others have also used EABR to optimize the 
placement of the electrode array, we have typically spent 
30–60 min in mapping this ideal location. However, we have 
also taken 3 h to accomplish this task. As measured by the 
number of active electrodes and by the number of electrodes 
that are nonresponsive or that produce side effects, this mul-
tidisciplinary approach has produced excellent outcomes. As 
this series expands, it may be possible to generalize these 
principles.

 Highlights of Auditory Brainstem Implantation

A systematic approach to locating the dorsal cochlear 
nucleus is needed to position the ABI appropriately on the 
brainstem surface. This step is particularly important when 
tumor or surgical extirpation has altered the normal appear-
ance of the CPA. The 0° and 30° endoscopes provide high- 
resolution views of these landmarks and allow the CPA to be 
examined with minimal retraction or manipulation. This 
strategy enables the preservation of delicate structures, 
which can further delineate the dorsal cochlear nucleus.

In the translabyrinthine and retrosigmoid approaches, 
identical landmarks are used and followed to localize the 
implant site:

• The flocculus and eighth and ninth cranial nerves are 
identified.

• The region between the root entry zones of these nerves 
and rostral to the flocculus contains the choroid plexus.

• The choroid plexus can be followed into the foramen of 
Luschka, and thus to the lateral recess of the fourth 
ventricle.

• The fold of the tela choroidea forming the rhomboid lip 
further delineates the foramen of Luschka.

• The root entry zone of the eighth cranial nerve “points” to 
the region of the cochlear nuclear complex.

• If preserved, the tinea chordae attaches at the junction of 
the dorsal and inferior ventral cochlear nuclei.

• The brainstem surface in the recess over the cochlear 
nuclear complex has a glistening ependymal layer.

• The brainstem overlying the dorsal cochlear nucleus may 
bulge slightly.

P. A. Wackym et al.
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Fig. 7.14 In December 2006, a 52-year-old man with bilateral tempo-
ral bone fractures and a nonfunctional right cochlear nerve underwent a 
right retrosigmoid approach and ABI placement using a 45° endoscope 
and evoked auditory brainstem response guidance. (a) View of cochlear 
nucleus before placement of the ABI. The rhomboid lip (arrow) is vis-
ible in relationship to the lateral recess and vestibulocochlear nerve 
(VIII). The flocculus is visible in the bottom center of the field. (b) ABI 
in position over the cochlear nucleus. The Dacron mesh wings are 
bowed around the inside of the rhomboid lip. A loop of the anterior 

inferior cerebellar artery (AICA) is visible between the electrode array 
and cranial nerve VIII (arrow). (c) CSF wells up through the foramen of 
Luschka (center of field). Cranial nerves IX, X, and XI are seen in rela-
tionship to the ABI electrode paddle. The extent of the AICA loop 
(arrow) is visible. (d) Polytetrafluoroethylene (Teflon) felt placed 
between the vestibulocochlear nerve and the loop of AICA as well as 
within the lateral recess. (Published with permission, copyright © 2007 
P. A. Wackym, MD)

 Summary and Conclusions

Functional surgery of the CPA has the potential to relieve or to 
partially restore a wide variety of cranial nerve dysfunction 
involving the trigeminal, facial, cochlear, vestibular, and glos-
sopharyngeal nerves. Adherence to fundamental skull- base 
microsurgical principles and careful patient selection, coupled 
with the adjunctive use of endoscopy and  electrophysiological 
monitoring, are essential to achieve optimal patient outcomes.
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8Endoscopy in the Cerebellopontine 
Angle

Steven B. Carr, Charles Teo, Pankaj A. Gore, 
Steve W. Chang, and Peter Nakaji

Over the past few decades, the integration of endoscopic 
techniques into many aspects of cranial surgery, including 
that of the X, has gained widespread acceptance. However, 
the use of the endoscope in this region is not new. In 1917, 
Doyen [1] introduced an endoscope to the cerebellopontine 
angle (CPA) during a suboccipital approach for a trigeminal 
neurectomy. Although the endoscopes of the premicrosurgi-
cal era probably provided the best visualization of the critical 
neurovascular anatomy that had yet been developed, their 
safe use was hindered by several factors. Early endoscopes 
were bulky and rudimentary. The light source was by neces-
sity located at the tip, and the resulting heat posed a signifi-
cant risk to critical structures. The viewing eyepiece was 
integrated into the endoscope and, therefore, compromised 
the sterile field. Despite innovations in design in the 1950s, 
including the Hopkins rod-lens and fiber optic light sources, 
endoscopes were not popular with neurosurgeons of that era. 
In the 1960s, the introduction of the operating microscope to 
neurosurgery vastly improved illumination and magnifica-
tion and allowed bimanual manipulation of instruments. The 

microscope made surgeons realize that what they could do in 
surgery had been greatly limited by their inability to ade-
quately visualize the anatomy and pathology of interest. The 
microscope rose in popularity, and the role of endoscopy in 
neurosurgery was further marginalized.

The resurgence of endoscopy in numerous medical spe-
cialties resulted directly from technological improvements. 
Illumination was improved by the creation of better light 
sources, particularly those driven by fiber optics. The inven-
tion of the charge-coupled device allowed visualization of 
high-quality endoscopic images on a television screen. As a 
result, the field of neuroendoscopy has advanced from its ini-
tial forays into hydrocephalus management to become a 
complex discipline with unique advantages and surgical 
applications that reach the innermost depths of the central 
nervous system.

The modern place of endoscopic neurosurgical techniques 
in addressing CPA pathology is simple in concept as it paral-
lels the advantages of the use of endoscopes elsewhere in the 
central nervous system. The appeal of minimally invasive 
endoscopic operations is in how they can allow smaller inci-
sions and craniotomies compared with open procedures, 
decreasing both approach-related impact and morbidity. 
However, the standard with which endoscopy must compete 
is high, using a standard 2-cm retrosigmoid craniotomy, a 
surgeon can accomplish much within the CPA, and the expo-
sure required by an endoscope in this setting is the same or 
not much less. The real benefits of the endoscope are its pan-
oramic view, high magnification, superb illumination, and 
ability to “look around corners.” Spencer and colleagues [2] 
reported that the endoscope provides 1.5–2.5 times greater 
volume of view compared with the operating microscope. 
These characteristics make the endoscope a useful tool for 
addressing pathology within the CPA with potentially greater 
efficacy than use of the operating microscope alone. In many 
settings, its best use is as an adjunct to the microscope. In 
other cases, the endoscope can be used as an independent 
tool.
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 Equipment

A standard endoscopic system appropriate for use within the 
CPA contains 0°, 30°, and 70° rigid endoscopes, a fiber optic 
light source, a high-definition video camera, a digital 
recorder with video and still image–capture capabilities, and 
a high-resolution monitor. The light source, recorder, and 
monitor should all be housed in a mobile cabinet to facilitate 
transport. We prefer a well-balanced pistol-grip Perneczky- 
style endoscope because of its high-quality images and 
favorable ergonomics. Other authors prefer pen-style endo-
scopes because they can be manipulated like microsurgical 
instruments and used for dissection [3].

The 0° endoscope provides a high-magnification view of 
structures along the line of sight. It provides an excellent 
panoramic view and delivers light close to the target, but it 
offers only limited improvement over the microscope in its 
ability to visualize objects outside the direct line of sight. 
The 30° endoscope adds the ability to look around corners 
adjacent to the line of sight; however, the surgeon should be 
aware that different trajectories may be required to manipu-
late the endoscope and microsurgical instruments simulta-
neously. With few exceptions, we discourage the routine use 
of the 70° endoscope within the CPA. This endoscope pro-
vides an even wider view perpendicular to the trajectory of 
the scope, but it provides a poor view directly ahead, placing 
structures directly in front of or behind the bevel of the tip at 
risk. The 70° endoscope should be introduced only in the 
setting of endoscopic-assisted surgery, with an assistant 
carefully monitoring its trajectory through the microscope. 
More recent innovations, such as the variable-view endo-
scope, which has the ability to rotate the tip lens from low to 
high angulation without changing the shape of the endo-
scope tip, may help to decrease the risk compared with 
introducing an endoscope with a view already fixed at a high 
angulation [4].

 Overview of Endoscopic Techniques

Hopf and Perneczky [5] classified the intracranial applica-
tion of endoscopy based on whether the endoscope is used 
independently or in conjunction with the microscope and 
based on the route of instrument manipulation. In modern 
parlance, endoscopic-controlled surgery describes an opera-
tion where no microscope is used; the video image provided 
by the endoscope guides all manipulation. Endoscopic- 
assisted surgery describes the use of the endoscope in con-
junction with the microscope via the same operative corridor. 
In both endoscopic-controlled and endoscopic-assisted sur-
gery, microsurgical instruments are used adjacent to the 
endoscope. This method allows far more effective dissection, 

haptic instrument feedback, and control of bleeding com-
pared with the transendoscopic instruments used during 
endoscopic neurosurgery performed through working chan-
nels incorporated into the endoscope (e.g., as used for endo-
scopic colloid cyst resection). When a pneumatic scope 
holder is used or an experienced surgical assistant partici-
pates, the neurosurgeon can manipulate instruments with 
both hands. Lastly, the evolution of sophisticated keyhole 
instruments that may have a single shaft and a variety of 
angulations has helped to advance our minimally invasive 
capabilities.

The range of pathologies in the CPA that can be addressed 
with endoscopic techniques is now quite diverse and includes 
fenestration of cysts; removal of epidermoid and other CP 
angle tumors; microvascular decompression (MVD) of the 
trigeminal, facial, and hypoglossal nerves; inspection during 
removal of vestibular schwannomas; sealing of bony defects 
after CPA drilling; and other pathologies.

 Operative Technique

For most endoscopic-assisted approaches to the CPA, the 
operating room setup and technique are determined by the 
planned microsurgical approach. Monitoring of somatosen-
sory evoked potentials, brainstem auditory evoked potentials, 
and the facial nerve is standard protocol. The patient is posi-
tioned in the supine, lateral decubitus, or park bench position. 
In the supine position, the head is turned away from the surgi-
cal site until the sagittal plane is parallel to the floor, anatomy 
permitting, with the chin mildly flexed and the neck mildly 
extended. If possible, the shoulder should be positioned 
below the plane of the surgical site to avoid obstructing the 
surgeon’s hand. The head is placed in three-point pin fixation 
and rigidly fixed to the operating table. Optional use of a lum-
bar drain to divert cerebrospinal fluid (CSF) can facilitate 
intraoperative brain relaxation and postoperative wound heal-
ing in high-risk patients, particularly those with a large habi-
tus and high venous pressures; however, when addressing 
most pathologies, a lumbar drain is usually unnecessary.

The mobile cabinet containing the endoscope monitor is 
positioned either contralateral to the side of surgery at about 
the level of the patient’s knees or above the patient’s head 
(Fig. 8.1). Using either of these positions, the surgeon can 
rapidly change the view between the microscope and moni-
tor without significant head movement. Endoscopic image 
projection into the microscope eyepiece is available on some 
microscopes. These systems allow the image to be inserted 
into part of the microscope view to be inserted into one eye-
piece, or to replace the view in both eyepieces. Surgeons 
vary in their preference of receiving visual input in this way. 
Many find a separate monitor easier to use.
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Fig. 8.1 Room setup and placement of the microscope during cerebel-
lopontine angle microscopy with endoscopic assistance. Typically, the 
microscope is positioned on the same side as the surgeon and the endo-
scope is placed directly across from the surgeon in clear view. 
Alternatively, the monitor can be placed on the other side of the micro-
scope, beyond the end of the bed (not shown). (Used with permission 
from Barrow Neurological Institute, Phoenix, Arizona)

Frameless stereotactic image guidance enables precise 
localization of the transverse-sigmoid junction and is used 
for most retrosigmoid craniotomies. Typically, a bur hole is 
placed immediately posteroinferior to the transverse-sigmoid 
junction, a craniotomy or craniectomy is fashioned slightly 
removed from the sinuses, and the transverse-sigmoid junc-
tion is gradually exposed as its edge is carefully approached. 
In the case of MVD, no more than 2 cm of bony exposure is 
required. For tumors, larger craniotomies or transpetrosal 
approaches may be necessary depending on the individual 
pathology.

Obtaining cerebellar relaxation before the dura is opened 
can ease the approach to the CPA and is usually satisfactorily 
facilitated by lumbar drainage of CSF and head elevation. 
Administration of mannitol (0.5–1.0 g/kg), maintenance of 
mild hyperventilation (pCO2 28–32 mmHg), and administra-
tion of low-dose barbiturates or propofol can be useful 
maneuvers if head elevation and CSF drainage are 
insufficient.

The use of the endoscope is tailored to the specific pathol-
ogy being addressed. Typically, we use the microscope as the 
primary mode of visualization and rely on the endoscope to 
visualize structures at the margin of or beyond the micro-
scopic field of view. Tasks such as arachnoid dissection and 
tumor resection are most safely accomplished with bimanual 
control under the microscope. Several authors have success-
fully used endoscopic-controlled microsurgery for MVD 
[6–8] and even tumor resection [9] without using the micro-
scope at all. However, in our experience, endoscopic- 
controlled surgery within the field of view that could have 

been afforded by the microscope often adds unnecessary risk 
to delicate structures without offering a substantial operative 
advantage because using the endoscope alone for visualiza-
tion shows only structures at or beyond the tip of the endo-
scope, compared to the full corridor of visualization up to the 
site of interest seen through the microscope. Additionally, for 
a surgeon who does not utilize an endoscope holder, the 
intradural dissection must be performed with one hand, 
which is inherently disadvantageous. In fact, even if an endo-
scope holder is used to allow bimanual dissection, the shaft 
of the endoscope can become an additional physical obsta-
cle. When the holder is placed at the top of a triangle with the 
working instruments at the two angles of the base of the tri-
angle, it is less of an obstacle. Nevertheless, the endoscope 
can limit the working space available. Thus, in our experi-
ence the ideal application of the endoscope is as an adjunct 
tool to see structures outside the microscopic field of view.

Refraction at the air-fluid interface can significantly 
impair visualization. Thus, ideally the endoscope should be 
used in air or, less preferably, completely submerged in clear 
CSF or lactated Ringer’s solution. A completely bloodless 
field is a prerequisite for submerged use of the endoscope, as 
any blood will generally substantially degrade the view. In 
the CPA, it is usually possible to drain enough cisternal CSF 
to allow work to be performed solely in an air medium.

 Avoiding Complications with the Endoscope

Initially, the learning curve for using an endoscope is best 
ascended within the laboratory setting. Practice in the labo-
ratory allows the surgeon to become familiar with the endo-
scopic equipment and to rapidly troubleshoot equipment 
problems that may arise within the operating room. 
Appropriate technique is essential to avoid complications. 
Before the endoscope is introduced, the orientation of the 
camera to the video image must be verified. This step is eas-
ily accomplished by examining any object with writing on it. 
It is essential that the operator learn to maintain the orienta-
tion of the camera regardless of the position of the endo-
scope. Disorientation is the greatest single risk associated 
with endoscopy.

Within the CPA, lateral or sweeping movements of the 
endoscope present substantial risks to adjacent cranial nerves 
and vascular structures and should be avoided categorically. 
Rather, redirecting should be performed by moving the 
endoscope in and out as opposed to side-to-side. Structures 
visible through the endoscope are not at significant risk. 
Once the tip of the endoscope passes a structure, it is no lon-
ger in the field of view and is therefore in potential danger. 
When the endoscope is superior to the acousticofacial com-
plex, the petrotentorial angle can be used as a relatively safe 
zone to which the endoscope may drift. This maneuver is 
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safer if the petrosal vein is sacrificed prophylactically. 
Typically, if an endoscope needs to be redirected or the cam-
era rotated, it should be withdrawn to a safe extent from the 
CPA, adjusted, its orientation reconfirmed, and then 
reinserted.

When a microsurgical instrument is introduced in con-
junction with the endoscope, the surgeon must recall that the 
shafts of both the endoscope and the instrument pose a 
potential risk of collision with neurovascular structures. The 
endoscope and instrument should be introduced side by side 
in a near-parallel trajectory. The endoscope should trail the 
instrument slightly, keeping the instrument in view at all 
times. If a less acute angle between the endoscope and the 
instrument is used, the surgeon or assistant should monitor 
the shafts via the microscope. A long focal length is used 
with the microscope to allow sufficient space to manipulate 
the endoscope.

The presence of a skilled assistant who can hold and 
maneuver the endoscope restores bimanual instrument con-
trol to the surgeon. Although several groups routinely use 
endoscopic holders [7, 10, 11], we find that these devices do 
not provide sufficient free mobility and fine control for rou-
tine use in this application compared with a human 
assistant.

 Specific Applications of the Endoscope 
in the CPA: Cranial Nerve Decompression

 Trigeminal Neuralgia

Of the various interventions used in the treatment of trigemi-
nal neuralgia, MVD is associated with the highest long-term 
success rates and the lowest incidence of facial dysesthesias 
[12]. Jannetta, the key pioneer in MVD and senior author on 
the largest reported experience with MVD, has written that 
the surgeon performing this operation must keep two princi-
ples in mind [13]. The first is that “there must be a vessel and 
it is my job to find it” [13]. The second is that the length of 
the dorsal root entry zone can vary and may extend from the 
brainstem to a more distal position of the nerve. Reported 
immediate success rates with this operation range from 82% 
to 94% [14, 15]. The reported incidence of negative or equiv-
ocal microsurgical retrosigmoid explorations ranges from 
6% to 18% [16–19]. We hypothesize that the unsatisfactory 
results associated with MVD are related to incomplete iden-
tification of neurovascular conflicts or to incomplete decom-
pression of an identified conflict [20, 21].

A growing body of literature suggests that endoscopy 
improves the identification of neurovascular conflicts and the 
outcomes of MVD. Kabil and colleagues [6] reported 255 
endoscopic-controlled MVD procedures; at 3 months, symp-
toms had resolved completely in 95% of the patients. In their 

series of 21 patients with trigeminal neuralgia who under-
went endoscopic-assisted MVD, Jarrahy and colleagues [22] 
found 51 neurovascular conflicts, 27% of which could be 
identified only with the endoscope. In this series, decom-
pression was performed under the microscope and then 
examined with the endoscope. In 24% of the patients, endos-
copy demonstrated that further maneuvers were required to 
obtain adequate decompression. Given that 85% of the 
patients had complete or partial relief after surgery, the 
authors concluded that “despite a surgically better perspec-
tive and objectively improved detection of pathology, overall 
surgical results are unchanged by the addition of endoscopy” 
[22]. El-Garem and colleagues [23] reported similar findings 
in their series of 42 patients who underwent endoscopic- 
assisted MVD. Neurovascular conflicts were identified in all 
patients, 84% of whom experienced complete or partial 
relief. Another group reported vascular conflicts were not 
apparent with the microscope but were discovered using the 
endoscope in 15% of patients [24].

Teo and colleagues [21] implicated only arterial compres-
sion in the pathogenesis of trigeminal neuralgia in 114 
patients treated with endoscopic-assisted MVD. Veins were 
spared even when they deformed the trigeminal nerve. In 
25% of their patients, endoscopy only poorly improved visu-
alization of arterial compression compared with the view 
through the microscope. In 8% of their patients, no vessel 
was identified with the microscope. In all patients of this lat-
ter group, the endoscope demonstrated a vessel located prox-
imally in the groove between the dorsal root entry zone of 
the trigeminal nerve and cerebellum. Once viewed under the 
endoscope, 15% of the decompressions considered adequate 
under the microscope were found to be insufficient. At a 
mean follow-up of 29 months, 99.1% of patients had achieved 
complete or partial relief of their neuralgia symptoms. In 
comparing microscopic to fully endoscopic MVD for tri-
geminal neuralgia, Lee and colleagues [25] found similar 
pain outcomes; however, in addition, patients in whom fully 
endoscopic MVD was performed experienced a lower rate of 
postoperative headache.

For the treatment of trigeminal neuralgia, a high retrosig-
moid craniotomy is fashioned to permit a lateral supracere-
bellar infratentorial approach. For several reasons, the 
trigeminal nerve is best approached microsurgically from the 
tentorial surface rather than from the petrous surface. First, 
there is less chance of placing traction on the facial nerve 
when the cerebellum is retracted rostrocaudally rather than 
mediolaterally. Second, the superior cerebellar artery, the 
most common compressive vessel, often impinges the tri-
geminal nerve from the medial side [26] and is best visual-
ized from the tentorial surface [27]. Compression from the 
anterior inferior cerebellar artery occurs at the caudolateral 
aspect of the trigeminal nerve but is still well visualized from 
the tentorial surface [27].
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Once arachnoid dissection is completed under the micro-
scope, the endoscope is introduced (Fig.  8.2a). The 30° 
endoscope allows visualization of the entire cisternal seg-
ment of the trigeminal nerve, from the pons to the Meckel 
cave, and allows visualization of regions of the nerve that are 
poorly seen with the microscope [7, 20]. It is first introduced 
with the bevel pointed inferiorly and is used to inspect the 
trigeminal nerve from above. The endoscope is then rotated 
so that the bevel faces medially and is used to inspect the 
most dorsal aspect of the root entry zone. Through the micro-
scope, the overlying cerebellum often hides this area of com-
pression by the superior cerebellar artery. The endoscope is 
then directed laterally and used to examine the entry of the 
nerve into the Meckel cave. The veins in this region are pre-
served unless they greatly deform the nerve, split the nerve, 
or obstruct visualization of the entire nerve. With the bevel of 
the endoscope facing superiorly, the trigeminal nerve is 
inspected from below. This maneuver can put the seventh 
and eighth cranial nerves at risk. Consequently, an assistant 
should monitor the shaft of the endoscope through the 
microscope.

Once a compressive vessel or vessels are identified, fur-
ther decompression is usually performed under microscopic 

visualization. A Teflon or Ivalon sponge is interposed 
between the nerve and offending vessel. The endoscope is 
again brought into the surgical field to evaluate the decom-
pression. Closure proceeds in standard fashion.

 Hemifacial Spasm

The incidence of hemifacial spasm, estimated at 0.8 cases 
per 100,000 persons per year [28], is much less than that of 
trigeminal neuralgia. Nevertheless, several moderately sized 
series of endoscopic-assisted MVD of the facial nerve have 
been published [29, 30]. In a series of 60 patients, Magnan 
and colleagues [29] gained an additional 72% accuracy in 
the identification of neurovascular conflicts involving the 
facial nerve when using the endoscope compared with using 
the microscope. Samii and colleagues [31] have reported a 
23% incidence of multiple compressive neurovascular con-
flicts in patients with hemifacial spasm. However, asymp-
tomatic vessel loops impinging on the facial nerve are 
estimated to be present in 38% of patients [32]. These 
authors’ work supports the claim that the endoscope pro-
vides higher magnification, superior illumination, and the 

a b

Fig. 8.2 (a) In endoscope-assisted or endoscope-controlled surgery, the 
endoscope is held in one hand, while a second instrument is maneuvered 
with another. An endoscope-assisted retrosigmoid craniotomy for micro-
vascular decompression for trigeminal neuralgia is shown (middle). A 
30° endoscope is held with the view angled back toward the root entry 
zone (top, illustrated view through microscope), while a No. 4 Penfield 
dissector is used to lift the vessel off the trigeminal nerve (bottom, illus-

trated view through endoscope). (b) A similar technique is used to 
decompress the facial nerve to treat hemifacial spasm (middle). In this 
case, the vessel courses between the nerves (top, illustrated view through 
microscope; bottom, illustrated view through endoscope). The 30° view 
helps in safely mobilizing the loop touching the brainstem, which is usu-
ally anterior to the nerve and out of the view of the microscope. (Used 
with permission from Barrow Neurological Institute, Phoenix, Arizona)
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ability to view the facial nerve from angles unavailable to the 
microscope. Compression is often from the medial side, 
where microscopic exposure is challenging. Identification of 
gross changes in the appearance of the facial nerve sugges-
tive of pathologic rather than incidental impingement is 
facilitated with the endoscope [29]. Use of the endoscope 
during inspection also minimizes retraction and manipula-
tion of the acousticofacial complex [11, 29, 33].

Badr-El-Dine and colleagues [30] reported 80 patients 
with hemifacial spasm who underwent endoscope-assisted 
MVD. The authors stated that “the capacity of the endoscope 
to detect a neurovascular conflict is [100% and] superior to 
the best results obtained by the operative microscope” [30]. 
In the above two studies, 88–96% of patients had complete 
or substantial relief 1 year or longer after the procedure. This 
finding is similar to the range of 91–95% good outcomes 
reported in the largest microsurgical series [31, 34–36]. 
Endoscope-controlled MVD for hemifacial spasm has been 
reported by a few groups. In Cheng and colleagues’ series 
[24], all ten patients treated under pure endoscopic visualiza-
tion had a good outcome. An earlier case series [37] reported 
symptom recovery in all three patients treated with 
endoscope- controlled MVD, without long-term 
complications.

The microsurgical and endoscopic techniques used to 
treat hemifacial spasm are similar to those used for trigemi-
nal neuralgia. The craniotomy to treat a hemifacial spasm is 
made about 1 cm lower than that used for trigeminal neural-
gia because the dorsal root entry zone of the facial nerve 
should be approached inferior to the origin of the eighth cra-
nial nerve and flocculus. Typically, the compressive vessel is 
on the anterocaudal aspect of the dorsal root entry zone of 
the facial nerve [34] directly against the brainstem. Even if 
vessels are found laterally, superiorly, or medially, a close 
inspection of the medial face of the root entry zone is manda-
tory. The endoscope helps visualize precisely this portion of 
the nerve, which is difficult to see through the microscope 
(Fig. 8.2b).

The initial arachnoid dissection proceeds under the micro-
scope. Again, the 30° endoscope is the most useful choice. 
Initially, it is inserted with the bevel directed laterally to 
identify the rare neurovascular conflict on the distal aspect of 
the nerve. The endoscope is then directed medially to visual-
ize the dorsal root entry zone and most common site of com-
pression. Because the offending vessel occupies a medial 
location, it is sometimes easier to decompress the nerve and 
place the sponge under endoscopic visualization.

 Glossopharyngeal Neuralgia

Although the reported experience with glossopharyngeal 
neuralgia is small, the endoscope can readily be used during 

MVD of the glossopharyngeal nerve. The vascular compres-
sion is often medial to the ninth cranial nerve, and decom-
pression is most easily performed under endoscopic 
visualization. Jarrahy and colleagues [33] have reported 
good outcomes after endoscope-controlled MVD of the glos-
sopharyngeal nerve. Broggi and colleagues [38] reported 
their series of MVD for neurovascular conflicts, in which 
one patient was being treated for glossopharyngeal neuralgia 
and in whom an offending vessel not visible with the micro-
scope was identified by endoscopy.

 Specific Applications of the Endoscope 
in the CPA: CPA Masses

The high magnification, illumination, and angled view 
offered by the endoscope can prove useful when addressing 
tumors of the CPA.  Tumors located at the most medial 
aspect of the CPA or with components behind eloquent neu-
rovascular structures can be beyond the line of sight of the 
microscope and only visualized with the endoscope 
(Fig.  8.3). In a series with Al-Mefty as the senior author, 
residual tumor was discovered using the endoscope intraop-
eratively after what was felt to be a gross total resection 
using the microscope in 69% of patients harboring CPA 
tumors of various types [39].

 Vestibular Schwannoma

During retrosigmoid or retrolabyrinthine approaches to ves-
tibular schwannomas, the endoscope has been shown to 
safely improve visualization of the facial nerve [40], lateral 
internal auditory canal (IAC), and open air cells of the mas-
toid [3, 11]. The lateral IAC can be especially difficult to 
visualize through the microscope with these approaches. The 
endoscope has been reported to be useful in retrieving intra-
canalicular tumor from within the IAC without sacrificing 
hearing or facial nerve function [41]. Use of the 30° endo-
scope can limit the amount of bony drilling required to suf-
ficiently expose and view the lateral IAC [11, 42]. More 
recently, both a flexible surgeon-controlled tip [43] and 
variable- view rotating lens rigid endoscope [4] have been 
reported to improve visualization within the IAC.

Although we do not recommend widespread adoption of 
endoscope-controlled vestibular schwannoma resection, 
some authors have reported good results resecting vestibular 
schwannomas even under pure endoscopic control [3, 42, 
44]. Regardless of the extent to which the endoscope was 
used during dissection or resection, we recommend using the 
endoscope to inspect the bone where drilling has been per-
formed to ensure any open mastoid air cells are waxed ade-
quately before closure (Fig. 8.4).
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Fig. 8.3 Endoscope-assisted debulking of a large intradural chordoma. 
(a) Axial T2-weighted and (b) T1-weighted magnetic resonance images 
(MRIs) with contrast show minimal enhancement at right ambient cis-
tern. (c) Sagittal T1-weighted MRI without contrast shows a mass effect 
on the pons and medulla. (d) Endoscopic view and (e) corresponding 
illustration after second-stage microscopic debulking via a right retrosi-
gmoid craniotomy. The 30° angled endoscope allows visualization of 
cranial extensions of tumor and contralateral recesses. Most of the 
tumor has been debulked, but the remnants along the cranial-caudal 

extensions of the retroclival cisterns were not visible under microscopic 
visualization. The remnants were removed with a microcurette with 
direct visualization of all neurovascular structures, including the con-
tralateral trigeminal nerve (CN V), Dandy’s vein, and abducens nerve 
(CN VI). (f, h, j) Sequential endoscopic images and (g, i, k) corre-
sponding illustrations of tumor remnant being removed from the upper 
clivus. (Used with permission from Barrow Neurological Institute, 
Phoenix, Arizona)

 Meningioma

Meningiomas can arise in the posterior fossa and are one of 
the most common tumors encountered in the CPA. Schroeder 
and colleagues [45] published their experience with treating 

skull-base meningiomas with endoscopic assistance, of 
which 23 were located in the CPA. With the endoscope, they 
found tumor that was not visible with the microscope in 56% 
of those cases. Al-Mefty’s group reported its support for 
endoscope assistance in meningioma resection, in which 
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Fig. 8.4 The endoscope can be used to visualize the IAC after drilling 
to identify unwaxed air cells. (a) A view of the IAC through the 30° 
endoscope reveals an open-air cell (arrowhead). (b) The same view 

after covering the IAC wall with wax under endoscopic visualization. 
(Used with permission from Barrow Neurological Institute, Phoenix, 
Arizona)

78% of presumed microscopic gross total resections were 
found to have residual tumor upon endoscopic inspection 
[39]. They recommended introducing the endoscope as late 
as possible in the dissection because of the bloody character 
of CPA meningioma resection and to avoid difficulties with 
bone dust from drilling, both of which can necessitate fre-
quent lens cleaning. While meningiomas may not be ideal 
tumors to resect fully endoscopically in the current era, the 
procedure has been reported [46].

 Epidermoid

Epidermoid tumors are most commonly found in the poste-
rior fossa and specifically tend to arise within the CPA. Due 
to their soft flaky consistency, avascular character, and ten-
dency to insinuate themselves in tight skull-base locations 
such as the CPA, epidermoids are well suited for application 
of endoscopic surgical techniques. Epidermoids are gener-
ally considered insensitive to nonsurgical treatment and have 
a high rate of recurrence when gross total resection is unable 
to be achieved [47].

As a result, surgeons have been striving to maximize safe 
resection by using tools such as the endoscope. In fact, one 
group reported that residual tumor was discovered using 
endoscopic visualization after what was felt to be gross total 
resection using the microscope in 85% of CPA epidermoid 
resections [48]. In a separate series, Schroeder and col-
leagues [10] found that they were able to achieve more com-
plete resections without recurrence or complication in 100% 
of their patients with CPA epidermoids in whom they per-
formed endoscope-assisted resection. While endoscope- 

controlled resection of CPA epidermoids has been reported 
and can be successful [9], the risks and benefits of endoscopy 
currently favor an endoscope-assisted approach to CPA epi-
dermoid resection.

Epidermoid tumors can often extend into the contralateral 
CPA or into the supratentorial compartment. The angled 
endoscopes help in the identification and resection of epider-
moid desquamate extending into other cranial compartments 
and can reduce the need for more than one surgical approach 
[10, 49].

 Arachnoid Cysts

CPA cysts can be amenable to fenestration by all of the 
endoscopic treatment modalities [5, 50–53], including tran-
sendoscopic. By performing CPA arachnoid cyst fenestra-
tion transendoscopically, only a bur hole exposure is 
required. However, the transendoscopic instruments used 
with this modality can prove unwieldy for addressing a 
thick cyst wall. Endoscope-assisted and endoscope-con-
trolled techniques allow the use of standard microsurgical 
instruments and permit improved hemostatic control, and, 
while they require a relatively larger bony exposure and 
dural opening, wider fenestrations are easier to achieve with 
microsurgical instruments [50]. Gangemi and colleagues 
[52] have advocated fenestrating CPA cysts into the prepon-
tine cistern between the trigeminal nerve and acousticofa-
cial nerve complex. Alternatively, the cisterna magna 
provides a safe reservoir for fenestration. Frameless image 
guidance can be invaluable in targeting the bur hole, trajec-
tory, and site of fenestration. When a catheter is placed ther-
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apeutically in the CPA, the endoscope also can be used for 
visual guidance [52].

 Conclusion

Almost any neurosurgical procedure involving the CPA can 
be supplemented with endoscopy. It remains for the sur-
geon to decide whether the benefits of improved magnifica-
tion, illumination, and ability to “look around corners” 
justify the potential risks for an individual case. It is imper-
ative that novice neuroendoscopists become thoroughly 
comfortable with the endoscopic equipment and its opera-
tion in the laboratory setting before attempting its use in 
their clinical setting. To the novice, the endoscope can 
prove unwieldy, fatiguing, and disorienting, and the poten-
tial loss of bimanual control can present a further stumbling 
block. We strongly believe that these obstacles can be read-
ily overcome with appropriate preparation and experience 
and we believe that the benefits of incorporating the endo-
scope in CPA surgery can improve the safety and efficacy 
of our interventions.
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9Biology and Genetics of Vestibular 
Schwannomas in Tumors 
of the Cerebellopontine Angle

Dunia Abdul-Aziz, Nicholas A. Dewyer, 
and D. Bradley Welling

Advances in molecular biology have improved our under-
standing of the origin of vestibular schwannomas. The iden-
tification of mutations in the neurofibromatosis type 2 gene 
(NF2) as the underlying genetic cause of vestibular schwan-
nomas has driven research into the molecular events leading 
to tumor formation. (Note: The italicized “NF2” represents 
the human neurofibromatosis type 2 gene specifically, while 
“NF2” is used to indicate the human disease of neurofibro-
matosis type 2, and “Nf2” indicates the homolog expressed 
in rodents). The clinical characteristics of both sporadic ves-
tibular schwannomas and neurofibromatosis type 2 syn-
drome have been related to alterations in NF2. This gene 
encodes the protein “merlin,” a tumor suppressor that is 
involved in cell signaling pathways regulating growth and 
proliferation. These molecular studies have identified poten-
tial therapeutic targets, and here we review these recent 
advances in the context of vestibular schwannoma biology.

 Background

Histologically, vestibular schwannomas are tumors of the 
neural sheath that originate on the superior or inferior ves-
tibular branches of cranial nerve (CN) VIII.  These tumors 
arise within the internal auditory canal and can extend into 
the cerebellopontine angle. They have been called both 
“acoustic neuromas” and “vestibular schwannomas,” but the 
latter term is preferred because these tumors are not neuro-

mas and only rarely arise from the acoustic (cochlear) nerve 
(nomenclature adopted at the National Institutes of Health 
[NIH] Consensus Development Conference) [1]. Vestibular 
schwannomas can occur as sporadic unilateral tumors or as 
bilateral tumors. The development of bilateral vestibular 
schwannomas is pathognomonic for the hereditary disorder 
NF2. Various types of vestibular schwannomas can be 
loosely grouped as unilateral sporadic vestibular schwanno-
mas or as bilateral or NF2-associated schwannomas. 
Vestibular schwannomas with true cysts (cystic schwanno-
mas) typically have a more aggressive phenotype, which 
may be distinguished from more benign unilateral sporadic 
schwannomas. Mutations in the NF2 gene are characteristic 
of all three tumor types, while differences between the tumor 
types are only beginning to be identified at the molecular 
level [2, 3].

Schwannomas typically occur as solitary tumors, which 
make up the majority of cases (>90%). The detected inci-
dence of unilateral vestibular schwannomas has increased to 
approximately 20 persons per million per year [4, 5]. 
Sporadic tumors usually occur in the fourth and fifth decades 
with a mean age of 50 years at presentation. Symptomatically, 
they manifest most commonly with hearing loss, tinnitus, 
and vertigo due to compression of the cochlear and invasion 
of the vestibular branches of CN VIII. While CN VII is often 
stretched and splayed by the tumor, facial paralysis is uncom-
mon. Compression of other adjacent nerves at the brainstem, 
namely CN V, can result in facial paresthesia. Although his-
tologically benign, large tumors can compress the brainstem 
and result in hydrocephalus, herniation, and death in rare 
cases (Fig. 9.1).

Clinically, NF2 is a highly penetrant autosomal dominant 
disease (Online Mendelian Inheritance in Man [OMIM] 
#101000) affecting 1 in 33,000 people [6, 7]. Patients who 
inherit a pathologic mutation in the NF2 tumor-suppressor 
gene located on chromosome 22q12 have a 95% chance of 
developing bilateral vestibular schwannomas. However, 
about one-half of the patients with NF2 are caused by de 
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novo mutations and lack a family history of NF2. NF2 fol-
lows the Knudson two-hit hypothesis with the first “hit” 
involving the inherited or de novo mutation and an additional 
second “hit” developing as a somatic mutation resulting in 
loss of heterozygosity [7–9]. Other disease features of NF2 
include intracranial meningiomas, ependymomas, spinal 
schwannomas, and presenile lens opacities (Fig.  9.2) [10–
12]. The onset of symptoms usually presents between the 
ages of 11 and 30 years, but some patients may present in 
their fifth or sixth decade. NF2 is not to be confused with 
neurofibromatosis type 1 (NF1) or von Recklinghausen dis-
ease (OMIM #162200), which is associated with multiple 
peripheral neurofibromas and is caused by a mutation in the 
NF1 tumor-suppressor gene on chromosome 17.

Occasionally, segmental or mosaic categories of NF2 are 
included to describe another category of NF2 [13]. The cause 
of segmental NF2 may be due to somatic mosaicism, where 
a mutation occurs later in embryogenesis rather than in the 

Fig. 9.1 Coronal T1-weighted MRI with gadolinium contrast shows a 
solid unilateral vestibular schwannoma associated with slight shift of 
the brainstem

a

b

c
Fig. 9.2 Contrast-enhanced 
T1-weighted MRIs of a 
patient with NF2 demonstrate 
(a) bilateral vestibular 
schwannomas (arrows) and 
optic nerve tumor 
(arrowhead), (b) vagal nerve 
schwannoma (arrow) in the 
left carotid space of the neck, 
and (c) multiple enhancing 
lesions in the spinal cord 
representing likely 
ependymomas and 
schwannomas (arrows)
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germline DNA, in which case only a portion of a patient’s 
cells carries the mutation, and the disease is manifest in lim-
ited areas of the body [14, 15]. In contrast, patients with 
familial NF2 inherit one mutation from a parent at concep-
tion and all cells carry one mutant allele. Kluwe and col-
leagues estimated that mosaicism may account for 25% of 
NF2 cases of any subtype among patients whose parents did 
not display the disease [14].

Patients with somatic mosaicism can display bilateral 
vestibular schwannomas if the postzygotic mutation occurred 
early in embryogenesis. However, they may also display an 
atypical presentation, or segmental NF2, in which the patient 
has a unilateral vestibular schwannoma and an additional 
ipsilateral intracranial tumor, such as a meningioma. In such 
cases, the postzygotic mutation occurred later in develop-
ment [16]. Unlike the traditional forms of NF2, the risk of 
passing NF2 caused by mosaicism to future offspring is low.

Schwannomatosis (OMIM #162091) was first described 
in 1973 and is characterized by multiple schwannomas and 
(to a lesser extent) meningiomas, but vestibular schwanno-
mas are distinctly absent [17]. Patients with schwannomato-
sis often become symptomatic with intractable pain rather 
than with cranial nerve deficits. They do not develop other 
intracranial tumors or malignancies. MacCollin and col-
leagues noted that about one-third of patients with schwan-
nomatosis had tumors in an anatomically limited distribution, 
such as a single limb, several contiguous segments of the 
spine, or half of the body [18]. Sporadic cases of schwanno-
matosis are as common as NF2. In contrast to NF1 and NF2, 
which are autosomal dominant and highly penetrant, few 
cases of familial schwannomatosis have been identified. The 
molecular origins of schwannomatosis point to mutations in 
the SMARCB1 gene also found on chromosome 22, and 
these mutations can occur concurrently with biallelic somatic 
inactivation of the NF2 gene [17].

Although current surgical and radiation treatments for 
vestibular schwannomas are generally effective at control-
ling compressive symptoms, treatment-related morbidity 
such as hearing loss and facial paralysis continues to be 
problematic. Recent discoveries and advances in the molecu-
lar biology of vestibular schwannomas, with focus on the 
NF2 gene, are reviewed below with the goal of identifying 
specific medical options for treatment of this disease.

 The NF2 Gene

Vestibular schwannomas harbor mutations in the tumor sup-
pressor gene, NF2, resulting in abnormal production of mer-
lin protein, which underlies the pathogenesis of the disease 
both in inherited and sporadic cases [19, 20]. In 1993, two 
independent groups, Rouleau and colleagues and Trofatter 
and colleagues used linkage analysis and positional cloning 

to localize the NF2 gene to chromosome 22 band q12  in 
patients with NF2 [21, 22]. Since then, mutations in the NF2 
gene have also been found in sporadic unilateral schwanno-
mas and cystic schwannomas [20, 23–27]. Furthermore, 
mutations within the NF2 gene have often been identified in 
meningiomas and occasionally in other cancers, including 
melanoma, mesothelioma, and breast cancer [7, 28–31].

 Structure and Function of the NF2 Protein, 
Merlin

The NF2 gene contains 17 exons and the protein product 
called merlin (an acronym for moesin-ezrin-radixin-like) or 
schwannomin, a name derived from schwannoma [21, 22]. 
The NF2 gene is transcribed into multiple RNA species by 
alternative splicing. Multiple isoforms have been identified, 
with two common isoforms described that differ by the 
absence (type I merlin) or presence (type II merlin) of exon 
16. Isoform I is the predominant and longest isoform, with 
595 amino acids. Isoform II contains all 17 exons, with 590 
amino acids and with inclusion of exon 16 into the mRNA 
resulting in a new stop codon [32–35].

Merlin shares a high degree of homology to the erythro-
cyte protein 4.1-related superfamily, which acts to link the 
actin cytoskeleton to the plasma membrane [21, 22]. In par-
ticular, relative conservation of the N-terminal domain 
known as the FERM domain (F for 4.1 protein, E for ezrin, 
R for radixin, and M for moesin) characterizes the gene fam-
ily [35, 36]. In merlin, the FERM domain is followed by a 
coil–coil domain and a charged carboxyl-terminus 
(C-terminus) domain (Fig. 9.3) [36–38]. The key functions 
of merlin may be mediated by the highly conserved FERM 
domain and the unique C-terminus of the protein, which dis-
tinguishes it from other ERM proteins. Unlike other ERM 
proteins that have an actin-binding site in the C-terminus, 
merlin has a unique actin-binding site in the N-terminus.

Merlin’s growth regulatory function is related to its con-
formation and protein–protein interactions. Like other ERM 
proteins, merlin forms intramolecular and intermolecular 
associations that mediate its activities. Merlin’s conforma-
tional states and protein–protein interactions are regulated 
by phosphorylation of specific amino acid residues in the 
protein, including Serine 10, Threonine 280, Serine 315, and 
Serine 518 [3]. Phosphorylation of Ser518 has been the most 
studied [39, 40]. In a simplified model (Fig. 9.3), phosphory-
lated Ser518 renders merlin in an open state where it serves 
as a cell membrane scaffold interacting with other receptors 
to mediate signaling events promoting proliferation. 
Phosphorylation also inactivates merlin by targeting merlin 
for polyubiquitination and proteasomal degradation [41, 42]. 
In turn, dephosphorylated merlin enables self- association of 
the N- and C-terminal domains and a more “closed” active 
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Fig. 9.3 Schematic diagram illustrates merlin’s structural domains and 
regulation by phosphorylation at Serine 518 (Ser518). Phosphorylation 
of merlin at Ser518 results in an open configuration that renders merlin 

inactive as a tumor suppressor. Dephosphorylation of Ser518 allows the 
association between merlin’s N-terminal and C-terminal domains, 
resulting in a “closed” configuration that is an active tumor suppressor

form, which mediates tumor suppressor function (Fig. 9.3) 
[41, 43].

Phosphorylation of merlin thus represents a posttransla-
tional mechanism through which merlin’s growth inhibitory 
activity is regulated [41, 44]. During growth, merlin exists in 
an inactive, phosphorylated state; when dephosphorylated 
and active, merlin signals growth arrest. Ser518 dephosphor-
ylation and phosphorylation are respectively mediated by 
myosin phosphatase MYPT1-PP1δ and by protein kinases, 
including P21-activated kinases (PAKs) and protein kinase A 
(PKA) (Fig. 9.3) [40]. Thus, pathologic loss of merlin func-
tion can occur through various mechanisms involving merlin 
itself or its regulators.

 NF2 Mutations and Their Clinical Correlation

Given the varied clinical manifestations of NF2 and spo-
radic VS, genotype–phenotype correlations have been 
explored [14, 23, 25, 26, 40, 44–46]. The frequency, type, 
and distribution of NF2 mutations differ between sporadic 
and familial NF2 tumors. The effect of these mutations on 
the resultant protein product, merlin, shows some degree of 
correlation with clinical severity [47]. Namely, deletion 
mutations that cause truncation of merlin produce a more 
severe phenotype in NF2 pedigrees, whereas missense 
mutations, mosaic mutations, or small in-frame insertions 
in the NF2-coding region may be associated with a milder 
phenotype [14, 23, 24, 40, 44, 47]. The location of the 
mutation within the gene may also be important because 
missense mutations within merlin’s α-helical domain 
appear to associate with a less severe phenotype than those 
within the conserved FERM domain (Fig.  9.3) [37]. The 
genotype–phenotype correlations are complex. Clinical 
studies indicate that phenotypic expression is more similar 
within families than between them, but even within fami-
lies, significant variability exists [48]. The age at onset of 
NF2, the age at onset of hearing loss, and the number of 

intracranial meningiomas all have a significant intrafamil-
ial correlation [37]. Whether the variability observed 
between families occurs by chance, epigenetic phenomena, 
environmental factors, or genetic differences at other loci is 
unknown [49]. More information regarding the impact of 
the underlying genetic aberrations in VS and their interplay 
with other pathways can help guide individualized counsel-
ing regarding prognosis and management.

 Merlin Acts as a Tumor Suppressor

Merlin has a multifunctional role in translating and regulat-
ing extracellular cues into intracellular signals that control 
cell fate, morphology, and proliferation. Contact inhibition 
of cell proliferation—a phenomenon whereby the growth of 
cells is arrested with increasing density of cell-to-cell inter-
actions—is an important mechanism of regulation of tissue 
growth, differentiation, and development [50]. Loss of this 
regulatory mechanism contributes to tumorogenesis and is a 
hallmark of cancer [51, 52]. As a linker between transmem-
brane proteins and the actin-cytoskeleton, merlin is naturally 
positioned to regulate cell proliferation in response to out-
side signals (Fig. 9.4).

Merlin overexpression causes growth suppression. 
Vestibular schwannoma cells with NF2 inactivation have 
dramatic aberrations in cell spreading [53]. To date, merlin 
has been shown to interact with several pathways, including 
hyaluronic acid-CD44, Ras-related C3 botulinum toxin sub-
strate 1 (Rac1), receptor tyrosine kinase (RTK), phosphati-
dylinositol 3-kinase (PI3K)/Akt serine/threonine kinase 
(Akt), mammalian target of rapamycin (mTOR), erbin 
(erbB2-interacting protein), and hippo pathways [40, 50, 52, 
54–62]. How these interactions relate to the tumor- suppressor 
activity of merlin is an area of active research. Some of the 
key pathways involving merlin are summarized below to 
illustrate merlin’s multifaceted role in controlling prolifera-
tive cell signaling.
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Fig. 9.4 Model shows merlin’s tumor suppressor function and interac-
tions with several pathways. Several extracellular signals mediated 
through interaction with the extracellular matrix (ECM) and its compo-
nents, such as hyaluronic acid (HA) as well as with adjacent cells via 
cadherins and tight junctions, are integrated in the cell to signal growth 
arrest. Merlin stabilizes cadherins at the cell membrane, which in turn 
is inhibited from phosphorylation by cadherin binding. HA-mediated 
signaling via CD44 further promotes active merlin tumor suppressor 

function. Dephosphorylated merlin has an inhibitory function on Rac1/
Pak1, protein kinase A (PKA) and PI3K/PDK1/Akt and mTOR path-
ways. In a promitogenic state, these kinase pathways are active (dashed 
lines), which phosphorylate and inactivate merlin. Tight junctions acti-
vate Hippo pathway, which interacts with active merlin to mediate YAP 
phosphorylation, leading to its sequestration in the cytoplasm and 
degradation

 Molecular Roles of the Merlin Tumor 
Suppressor and Consequence of Its Loss 
in Vestibular Schwannomas

 Merlin and CD44-Mediated Contact Inhibition 
of Cellular Proliferation

Merlin’s growth inhibitory effects are activated in conditions 
of increased cell density. This function is dependent in part 
on its protein interaction with CD44, a transmembrane hyal-
uronate receptor [50, 63–65]. Hyaluronan (HA) is a muco-
polysaccharide that is abundant in the extracellular matrix 
surrounding cells, and CD44 is a major cell membrane 
receptor that binds HA [65]. It is important for directing 
intercellular and cell–matrix signaling and is commonly 
upregulated in cancer cells, including cancer stem cells, 
where it portends poor prognosis both in terms of tumor pro-
gression and metastasis [50]. Under low cell density, pro- 
proliferative conditions, CD44 forms a complex with ERM 
proteins and phosphorylated, inactive merlin. With increased 
cell density, HA binds to CD44 to induce merlin dephos-
phorylation, which activates merlin’s tumor suppressive 
activities inside the cell to signal growth arrest. In turn, mer-
lin exerts its tumor suppressor function in part by negative 

regulation of CD44 [50]. Overexpression of merlin in 
Tr6BC1 schwannoma cells inhibits HA binding to CD44 and 
CD44-mediated growth, while overexpression of a mutant 
form of merlin unable to bind CD44 is unable to inhibit 
schwannoma growth [16, 65]. These findings describe a 
model in which cellular environment and density signal a 
codependent merlin-CD44 molecular switch from growth to 
arrest (Fig. 9.5). Aberrancies in this pathway, such as through 
loss of merlin protein or abnormal phosphorylation, result in 
a pro-proliferative signal that may contribute to 
tumorigenesis.

 Merlin-Rac1 Mediated Cytoskeletal 
Interactions

Merlin and CD44 are involved in a complex interplay with 
other cytoskeletal signals, including integrins and cadherins, 
and these pathways represent another route for cell cycle 
control under the direction of the extracellular microenviron-
ment [40, 50, 66]. In conditions of low cell density, pro-
growth signals are initiated by integrins and receptor tyrosine 
kinases; they are transduced by Rho family small GTPases—
Cdc42 and Rac1—two essential regulators of cell migration 
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a b
Fig. 9.5 Model illustrates the 
interaction between merlin 
and CD44. (a) In a growth- 
permissive state, merlin is 
phosphorylated by a cascade 
of kinases, including Rac1. 
Phosphorylated merlin 
associates with CD44’s 
cytoplasmic tail and exists in 
an inactive “open” form to 
promote cell growth and 
survival. (b) In a growth- 
restrictive state, CD44 
mediates signaling from the 
outside environment (e.g., 
hyaluronic acid [HA] in the 
extracellular matrix), which 
results in dephosphorylation 
of merlin. Unphosphorylated 
merlin assumes a “closed” 
and active confirmation 
through the association of the 
N- and C-termini of the 
protein, which mediates 
growth arrest

as well as in cell invasion in cancer. Rac1 activates Pak1, 
which phosphorylates merlin Ser518, resulting in an open 
inactive configuration. A negative feedback loop exists 
whereby active merlin suppresses Pak1 activation (Fig. 9.4). 
Pak1 inhibition is mediated by binding of merlin’s FERM 
domain to the Pak1-Cdc42/Rac1 binding domain [67, 68]. 
Thus, inactivation or loss of merlin facilitates aberrant Rac1/
Pak1 signaling, which is mitogenic and triggers cytoskeletal 
remodeling [69]. Indeed, cultured schwannoma and menin-
gioma cells have abundant cytoskeletal actin projection and 
membrane ruffles, which are characteristic of fibroblasts 
expressing the excess amount of Rac [69–71].

 Merlin Activates the Mammalian Hippo 
Pathway to Induce Growth Arrest

The Hippo signaling pathway is a major mechanism of 
organ-size control that regulates cell growth and apoptosis 
[72, 73]. Merlin has been found to be a key upstream regula-
tor of this pathway, providing another important mechanism 
through which merlin transduces extracellular signals to 
regulate cell growth [57]. The Hippo pathway is a kinase cas-
cade composed of two core kinases (MST1/2 and LATS1/2) 
[72]. MST1/2 phosphorylate LATS1/2 which in turn phos-
phorylate and inactivate the oncoproteins Yes-associated 
protein (YAP) and transcriptional activator with PDZ bind-
ing motif (TAZ) [72]. Phosphorylated-YAP/TAZ are seques-

tered in the cytoplasm and unable to enter into the nucleus to 
activate the TEAD transcription factor to signal growth 
(Fig.  9.6) [73]. Phosphorylation also primes YAP/TAZ for 
proteasomal degradation [74]. Increased YAP expression is 
prevalent in certain tumors, and loss of hippo kinases 
(MST1/2) or overexpression of YAP in a mouse liver model 
results in a massive expansion of liver size and cancer [74]. 
Merlin directly activates the mammalian Hippo kinases, 
MST1/2, and also recruits LATS1/2 to the cell membrane 
(where it binds to merlin’s FERM domain) to be phosphory-
lated by MST1/2, which renders YAP/TAZ inactive [57]. 
Using transgenic mice models to study the role of merlin in 
tumorigenesis in the liver, genetic deletion of merlin in hepa-
tocytes resulted in liver hyperplasia and hepatocellular carci-
noma [75]. The overgrowth of merlin mutant livers was 
greatly suppressed by loss of YAP, indicating a critical role 
for merlin in antagonizing YAP activity as well as demon-
strating YAP as a major effector of merlin in controlling 
growth [75]. Within the Hippo cascade, merlin has several 
interacting protein partners, including angiomotin—a cell 
membrane protein located in tight junctions of cells [57, 71]. 
Angiomotin binds to and activates merlin to promote its 
binding to LATS1/2 to activate the Hippo cascade. In turn, 
phosphorylation of Ser518 prevents angiomotin binding to 
merlin, which in turn is unable to activate the Hippo path-
way, leaving YAP/TAZ free to mediate mitogenic signaling 
in the nucleus [57]. Indeed, angiomotin provides yet another 
mechanism through which adherens and tight junctions can 
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a b

Fig. 9.6 Model illustrates merlin and Hippo pathway. The Hippo path-
way consists of a cascade of kinases (MST, LATS) that result in phos-
phorylation of the transcriptional coactivators YAP/TAZ, which renders 
them inactive, sequestered in the cytoplasm and targeted for protea-
somal degradation. (a) In growth-permissive conditions, merlin is phos-
phorylated and inactive. YAP is active in the nucleus where it interacts 
with transcription factors to promote promitogenic signaling. (b) In 

growth-restrictive conditions, such as high cell density, tight junctions 
between cells activate angiomotin. Dephosphorylated/active merlin 
interacts with angiomotin to mediate Hippo pathway activation, with 
phosphorylation of MST and LATS kinase cascade, which phosphory-
late YAP (and TAZ, not depicted). Phosphorylated YAP is unable to 
enter the nucleus to mediate growth signaling and is targeted to 
degradation

signal through the merlin/Hippo pathways to antagonize the 
YAP/TAZ proliferative signal.

 Merlin Inhibits the Mammalian Target 
of Rapamycin Pathway

Merlin’s tumor-suppressive function is also mediated in part 
through inhibition of the mammalian target of rapamycin 
(mTOR), a critical pathway for cell growth and proliferation 
[56, 71, 76]. Constitutive mTOR complex 1 (mTORC1) acti-
vation has been demonstrated in NF2-schwannomas and 
meningiomas [3]. The loss of merlin activates PI3K, which 
starts a signaling cascade resulting in activation of mTOR 
and cell proliferation (Fig. 9.4) [56]. In experimental merlin 
deficient cells, reexpression of merlin attenuates mTORC1 
activity [56]. The mTORC1 inhibitor, rapamycin, inhibits 
the proliferation of meningioma cells from NF2 patients 
[56]. Merlin mediates its tumor suppressor effects through 
the mTOR pathway—a fundamental mediator of cellular 
growth and proliferation—and this trait has motivated clini-
cal trials testing known mTOR drugs in treatment of VS [61, 
77, 78].

 Additional Merlin-Mediated Pathways

While the majority of merlin’s actions are mediated at the 
cellular membrane where it integrates extracellular responses, 
merlin’s tumor suppressor function extends to other path-
ways, discussion of which is beyond the scope of this chap-
ter. The reader is referred to the most current research articles 
for an in-depth study of these pathways [40]. What is clear is 
that merlin loss of function, whether through genetic muta-
tion or phosphorylation-mediated inactivation, results in 
aberrant growth-permissive signals that promote tumor for-
mation. Understanding of these molecular pathways is 
important as they lay the foundations for the identification of 
possible therapeutic targets.

 Epigenetic Alterations in Vestibular 
Schwannomas

DNA mutations in the NF2 gene are the hallmark of both 
sporadic and bilateral vestibular schwannomas [20, 79]. In 
two recently reported whole exome sequencing of sporadic 
vestibular schwannomas, NF2 mutations were found in 67% 

9 Biology and Genetics of Vestibular Schwannomas in Tumors of the Cerebellopontine Angle



128

to 77% of all tumors [20, 79]. In addition, other mutations 
were identified involving ARID1A, ARID1B, TSC1, TSC2, 
CDC27, and USP8, highlighting the heterogeneous nature of 
the disease and the involvement of several other pathways 
[20, 79]. Interestingly, a subset of these tumors with geneti-
cally normal NF2 gene had significantly decreased levels of 
NF2 transcription (mRNA) and merlin protein, suggesting 
epigenetic changes may play a role in silencing NF2 or other 
genes [20, 79, 80].

Epigenetic regulation refers to the changes that occur 
“on” the DNA that influences the gene expression by altering 
the accessibility of the gene to transcriptional machinery—
without altering the primary DNA sequence. These changes 
include methylation of the DNA at CpG regions and acetyla-
tion or methylation of the histone proteins that package the 
DNA.  Disrupted epigenetic regulation has emerged as a 
prominent mechanism of tumorigenesis as well as the patho-
genesis of other disease states [81].

Aberrant DNA methylation—both global DNA hypo-
methylation and/or promoter hypermethylation—was the 
first described epigenetic mark associated with cancer. 
While early studies looking at aberrant DNA hypermethyl-
ation of NF2 gene in VS suggested that it may also play a 
role in NF2 silencing, this role has not been demonstrated 
in more recent studies by us and others of both VS and 
meningioma specimens [82]. Nevertheless, abnormal DNA 
hypomethylation was shown to affect other genes including 
HOX homeobox genes, microRNA-21, and Met proto-
oncogene [80]. A recent study investigating mutation and 
methylation changes of NF2 and Hippo pathway genes 
LATS1/2 and YAP in 82 sporadic schwannomas found both 
genetic and methylation abnormalities to describe the 
majority of these tumors, specifically NF2 mutations (55% 
of tumors), LATS1 mutations (2%), LATS2 mutations (1%), 
and abnormal promoter methylation of LATS1 (17%) and 
LATS2 (30%) [83]. This finding points to the importance of 
the hippo pathway described above as well as to the com-
plex genetic and epigenetic changes underlying VS 
development.

 Histone Modifications and the Role of Histone 
Deacetylase Inhibitors

In addition to reversible changes to the methylation status 
of DNA, alterations to the acetylation and methylation of 
specific histone proteins around the DNA significantly 
influence gene expression, and together these modifications 
represent the “epigenetic” signature of a gene [81]. As can-
cer cells can be associated with global epigenetic changes 
(generally toward a more stem cell-like chromatin signa-

ture), specific drugs have been designed to target these 
pathways. However, histone deacetylases (HDACs) and 
other histone-modifying enzymes can have broader effects 
beyond altering histone/DNA regions, including modifying 
proteins outside the nucleus. For example, HDAC inhibi-
tors mediate effects beyond histone acetylation: they target 
protein pathways in the cell, including transcription factors 
in the nucleus and structural proteins in the cytoplasm [84]. 
We have studied a specific HDAC inhibitor, AR42 (for-
merly OSU-HDAC42; Arno Therapeutics, Parsippany, NJ), 
and found that it inhibits the PI3-kinase/Akt pathway, 
resulting in Akt dephosphorylation and suppression of 
schwannoma growth [84–86]. Indeed, loss of merlin results 
in activation of this pathway, which is reversed with an 
HDAC or PDK1 inhibitor [84]. VS xenografts treated with 
AR-42 showed the arrest of proliferation in cell culture and 
reduction in size in a mouse model [84, 86]. HDAC inhibi-
tors have been found to have broad cellular effects outside 
of direct histone modifications. This impact was recently 
shown in cell cultures of merlin-deficient human Schwann 
cells, where HDAC inhibitors showed a dramatic increase 
in kinase activity and selectively induced mTOR-centered 
kinase subnetworks [61]. These findings support a broad 
effect of HDAC on pathways relevant to VS tumorogenesis, 
and a clinical trial studying the effect of AR42 is ongoing 
[61, 85].

 Vascular Endothelial Growth Factor in VS

Beyond the cellular level, tumor cells must maintain a nutri-
ent supply to sustain continued growth and proliferation. 
Tumors growing larger than 2 mm within the central nervous 
system require a structured blood supply for the delivery of 
nutrients and oxygen. Vascular endothelial growth factor 
(VEGF) is a key mediator of angiogenesis and vascular per-
meability [87, 88]. In VS, VEGF signaling has been found to 
be abnormally upregulated, suggesting this to be a funda-
mental and potentially targetable mechanism for promoting 
vascular ingrowth [88–90]. Plotkins and colleagues demon-
strated the efficacy of bevacizumab—the first monoclonal 
antibody against VEGF approved by the Food and Drug 
Administration—in not only arresting but also shrinking 
tumor size in 55% NF2 patients with a growing VS [91]. 
Several studies have since supported these findings [92–94]. 
Long term duration and dose of bevacizumab remain contro-
versial and is limited by adverse side effects [92, 95]. 
However, the efficacy of bevacizumab, even in the short 
term, is promising and provides impetus for continued inves-
tigation for single or combinatorial molecular-based therapy 
for NF2.
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 Bench to Bedside: Molecular Targets of VS 
Therapy

While significant insight has been gained into the molecular 
biology of NF2 and the role of merlin in driving tumorogen-
esis, there remain no effective targeted drug therapies spe-
cific to vestibular schwannomas. Conventional therapies 
entail surgical resection or stereotactic radiation and, while 
effective in non-NF2 patients, carry significant morbidity in 
NF2 patients who have bilateral VS and other tumors 
throughout the body. A targeted approach tailored to the 
underlying pathophysiology of these tumors represents an 
important goal. To date, such efforts have found limited suc-
cess clinically. Several clinical investigations have been 
undertaken and target pathways involved in NF2 tumorigen-
esis (Table  9.1) [3, 61]. Tumor-specific therapies targeting 
NF2-deficient tumors have proved challenging in part 
because these tumors are slow-growing, complicating the 
ability to identify therapies that have selective toxicity 
against merlin-deficient tumors while sparing normal cells. 
To begin to address these challenges, the Synodos for NF2 
Consortium (www.synapse.org/SynodosNF2) was recently 
created [61]. In an effort to streamline in vitro and in vivo 
studies of drug targets, the consortium created a validated set 
of cell lines containing matched pairs of meningioma and 
schwannoma cells with and without merlin expression as 
well as two in  vivo murine models of meningioma and 
schwannoma. The consortium tested 19 drugs that are cur-
rently in clinical trial for NF2 patients and represent key 
merlin-related pathways, including HDAC, mTOR, MAPK/
ERK kinase (MEK), and PI3K (Table 9.1). While there was 
no selective toxicity based on merlin status induced by these 
drugs in  vitro, three drugs (CUDC-907 [dual PI3K/HDAC 
inhibitor], panobinostat [HDAC inhibitor], and GSK2126458 
[dual PI3K/mTOR inhibitor]) showed promising antiprolif-
eration properties in vitro. However, while GSK2126458 and 
panobinostat seemed to have an effect on growth in the 
in vivo meningioma model, none of the three agents showed 
an effect in the in  vivo schwannoma model. These results 
suggest that the underlying cells of origin (arachnoid vs 
Schwann cells) influence tumor biology and response as well 
as attest to the role of a tumor 3D microenvironment, which 
is not fully recapitulated in a 2D cell culture system, and the 
limitations of the murine models in planning therapeutic tri-
als. Indeed, additional efforts to investigate other potential 
targets and combination therapies are ongoing.

 Summary

Vestibular schwannomas are tumors that arise in sporadic 
and familiar forms with varied clinical manifestations. Loss 
of function of the NF2 tumor suppressor, merlin, is the fun-
damental driver of VS tumorogenesis. The characterization 
of merlin’s function and its interactions with other proteins 
and signaling pathways have opened the door to a molecular 
understanding of the pathogenesis of VS, revealing a com-
plex network of pathways involving the integration of extra-
cellular signals and cell–cell interactions with intracellular 
growth and proliferative gene expression changes, the 
details of which are still being clarified. These findings are 
the foundation for clinical translation into possible thera-
peutic targets. Thus far—aside from anti-VEGF therapy, 
which targets tumor angiogenesis and is used in NF2 
patients, surgery, and stereotactic radiation—there is no 
medical treatment for VS. Many clinical trials are ongoing. 
Given the realization of merlin’s involvement in multiple 
signaling pathways, successful treatment strategies may 

Table 9.1 Summary of FDA approved drugs and their targets selected 
[61]

Compound Target(s)
LY2157299 TGF-beta/SMAD [96]
Ganetespib (STA-9090) HSP [97]
Panobinostat (LBH589) HDAC [84, 86]
Vorinostat (SAHA) Autophagy, HDAC [84, 86]
AR-42 HDAC [84, 86]
Lapatinib ditosylate HER2, EGFR [98, 99]
Axitinib VEGFR, PDGFR, c-Kit [91, 92, 100, 

101]
AZD2014 mTOR [56, 77, 78, 102, 103]
OSU-03012 (AR-12) PDK-1 [59, 100]
Perifosine (KRX-0401) AKT [59, 104–106]
Erevolimus mTOR [56, 77, 78, 102, 103]
GSK2126458 (GSK458) P13K, mTOR [56, 59]
GDC-0980 (RG7422) P13K, mTOR [56, 59]
CUDC-907 P13K, HDAC [3, 59, 63, 85]
GDC-0941 P13K [59, 63]
Selumetinib (AZD6244) MEK [98]
Trametinib (GSK 1120212) MEK [98]
Visodegib (GDC-0449) Sonic hedgehog [106–108]
Bortezomib Proteasome [109]

Modified with permission from The Synodos for NF2 Consortium et al. 
(2018) Traditional and Systems Biology Based Drug Discovery for the 
Rare Tumor Syndrome Neurofibromatosis Type 2. PLOS: 1–26. https://
doi.org/10.1371/journal.pone.0197350.t002
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require combinatorial therapy. The hope is that, as we 
increase our understanding of the biology of these tumors, 
we can identify specific targets to treat patients with NF2 as 
well as sporadic VS.
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10Treatment Options for Acoustic 
Neuroma, Including Stereotactic 
Radiosurgery

Panagiotis Kerezoudis, Peter A. Weisskopf, 
Colin L. W. Driscoll, and Michael J. Link

 Introduction

Vestibular schwannoma (VS) represents a challenging intra-
cranial tumor to treat. Almost a century ago, the most prom-
inent neurosurgeons in Europe reported operative mortality 
rates greater than 70% [1–3]. Harvey Cushing, in the US, 
advocated for a wide bilateral posterior fossa decompres-
sion and intracapsular internal decompression of the tumor 
to achieve a safe subtotal resection (STR) and reduced the 
operative mortality to ~20% [4, 5]. Walter Dandy, on the 
other hand, described a unilateral craniectomy and complete 
tumor removal with the necessary sacrifice of cranial nerves 
VII and VIII but obviating the risk of tumor regrowth and 
need for additional treatment [6–9]. Over the next several 
decades, the integration of the operating microscope, 
improvement in neuroanesthetic techniques, and develop-
ment of intraoperative electromyographic (EMG) monitor-
ing have markedly improved the outcome from microsurgical 
resection of VS.

Lars Leksell from Sweden, internationally recognized as 
the father of stereotactic radiosurgery, treated his first patient 
with VS at the Karolinska Hospital in 1969 [10]. He reported 
81% tumor control rate at a median follow-up of 3.7 years. 
The first Gamma Knife center in the United States was estab-
lished at the University of Pittsburgh, which reported their 
4-year data with 134 treated patients in 1993 [11]. The 4-year 
actuarial tumor control rate was 89.2% using a median mar-
ginal radiation dose of 17 Gy.

Currently, no prospective randomized controlled trials 
exist to directly compare the outcomes following radiosurgi-
cal and microneurosurgical options for acoustic neuromas; 
in the absence of class I evidence, three management strate-
gies are available to this patient population: observation, ste-
reotactic radiotherapy/radiosurgery, and microsurgical 
resection. This chapter provides an overview of the outcomes 
of each approach with respect to tumor control and preserva-
tion of cranial nerve function; particular emphasis is pro-
vided regarding stereotactic radiosurgery and fractionated 
radiotherapy.

 Observation

There is a wealth of data in the medical literature to support 
the rationale for careful observation. Two systematic reviews 
based on 21 and 26 studies, respectively, with more than 
1300 patients found the average annual growth rate of acous-
tic neuromas to be 1.2–1.9  mm, with 43–46% of tumors 
showing some degree of growth and only 18–20% requiring 
intervention at a mean follow-up of approximately 3 years 
[12, 13]. Tumor size at diagnosis, presence of disequilib-
rium, and cerebellopontine angle location rather than pure 
intracanalicular tumors have been reported to be associated 
with a higher risk of progression, thereby necessitating inter-
vention [14, 15]. It should also be noted that some studies 
have reported that 3–11% of tumors will spontaneously 
regress without any form of intervention [13, 16, 17]. As 
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such, elderly patients with small tumors represent the ideal 
population to be observed, especially on the grounds of 
increasing mean age at the time of diagnosis, that is, from 
49 years in 1976 to 58 years in 2008 [18].

Patients who opt for watchful waiting are followed up 
with serial magnetic resonance imaging (MRI) and audio-
grams, typically every 6 months for the first year, then annu-
ally until year 5, and then biennially indefinitely. While the 
initial MRI scan should include gadolinium (Gd) to make 
sure there are not additional intracranial tumors, the follow-
 up scans can be thin-slice, heavily T2-weighted, steady state 
images without Gd as some recent reports suggest that Gd 
may accumulate in the brain—an increasing concern for 
some patients [19]. Evidence of tumor growth, that is, 
>2.5 mm/year, regardless of tumor size, is usually an indica-
tion for therapeutic intervention. If the patient cannot toler-
ate MRI, high-resolution computed tomography scanning 
with and without contrast is an option. Additionally, recently 
published guidelines suggest that, for intracanalicular or 
small tumors (<2 cm in the posterior fossa) without tinnitus, 
observation does not have a negative impact on tumor growth 
or hearing preservation compared to treatment [20]. However, 
according to data from the Acoustic Neuroma Association 
observation is associated with worsening of symptomatic 
tinnitus, whereas tinnitus severity is reduced with microsur-
gical resection or radiosurgery [21].

In an important observational study by Stangerup and col-
leagues, 932 patients were allocated with “wait and scan” 
with annual imaging and audiological examination over a 
follow-up period exceeding 10 years [22]. The authors found 
that the level of hearing preservation during follow-up cor-
related with speech discrimination (according to the 
American Academy of Otolaryngology-Head and Neck 
Surgery classification [AAO-HNS] [23]) at the time of diag-
nosis: 87% chance of maintaining good hearing (speech dis-
crimination over 70%) for patients with perfect speech 
discrimination compared to 54% for patients with minor 
(1–10%) and 33% for those with moderate (21–30%) speech 
discrimination loss at the time of diagnosis [22, 23].

The same group recently showed that, in 156 patients 
with intracanalicular VS, tumor growth had occurred in 37% 
and growth into the cerebellopontine angle in 23% of patients 
after a mean follow-up of 9.5 years, while the proportion of 
patients with good hearing decreased from 52% to 22% [24]. 
Our institutional experience revealed a volumetric increase 
>20% from baseline AAO-HNS tumor size >2  mm at a 
median radiographic follow-up of 4.1  years. In addition, 
almost 70% of patients exhibited some degree of volumetric 
growth after a median of 1.1 years.

Finally, another important consideration is how tumor 
progression during the observation period may affect future 
treatment options. Two studies by Flint and colleagues and 
Shin and colleagues found that approximately 11–33% of 

observed patients will lose eligibility for hearing preserva-
tion surgery [17, 25]. In addition, Hajioff and colleagues 
reviewed the 10-year outcome data from 72 patients with 
unilateral VS that were managed conservatively, 25 of which 
required surgical intervention during the study period [14]. 
Interestingly, they demonstrated similar outcomes in patients 
who failed conservative management and those who under-
went primary treatment without a period of observation [14].

In summary, observation is preferred for elderly patients, 
patients with small tumors and good hearing function, those 
who are poor surgical candidates, and those who refuse 
treatment. Based on a review by Telian and colleagues, the 
following factors should be taken into account when obser-
vation is recommended: patient’s life expectancy, tumor 
size and growth rate, neurofibromatosis type 2 status, preop-
erative hearing in both ears, and risk of complications, par-
ticularly hearing loss and facial nerve paralysis as a result of 
surgery [26].

 Stereotactic Radiation and Radiosurgery

Radiation can be delivered to VS using either stereotactic 
radiosurgery (SRS) (≤5 fractions) or stereotactic radiother-
apy (>5 fractions) (Table  10.1). Considerable contention 

Table 10.1 Summary of characteristics of each radiosurgery modality 
employed for acoustic neuromas

Characteristic

Type of radiation
Stereotactic 
radiosurgery 
(GK, LINAC)

Fractionated 
radiotherapy Proton beam

Number of 
sessions

1–5 30–33 fractions 
(daily treatment 
for 5–6 weeks)

Variable

Total dosage 12–13 Gy 40–57.6 Gy 54–60 cobalt 
Gy 
equivalents

Head frame 
used

Invasive or 
“face masks”

Noninvasive 
relocatable head 
frame

Noninvasive

Margin for 
uncertainty

Not needed 1–2 mm for 
planning target 
volume

Not needed

Tumor size 
amenable to 
treatment

Up to 3 cm in 
diameter

Can treat tumors 
larger than 3 cm

Variable

Tumor control 
rates

>90% 94–100% 84–100%

Hearing 
preservationa

23–74% 61–98% 31–42%

Facial nerve 
preservation

92–100% ~94% 91–100%

Trigeminal 
preservation

92–100% ~95% 89–100%

GK Gamma Knife, LINAC linear-based accelerator system
a Depending on length of follow-up
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exists in the literature regarding the comparative effective-
ness of the two modalities for the management of patients 
with small to medium-sized tumors. Shared decision making 
should be based on patient preference between a minimally 
invasive 1-day procedure and up to 5–6 weeks of daily treat-
ment, technology availability, and tumor size [27].

 Stereotactic Radiosurgery

Stereotactic radiosurgery can be performed using either 
Leksell Gamma Knife® (Elekta Instruments, Norcross, GA, 
USA) or Linear Accelerator (LINAC) systems, such as 
X-knife (Radionics Inc., Burlington, MA, USA), Novalis® 
(BrainLAB, Heimstetten, Germany), Versa HD™ (Elekta 
Instruments, Norcross, GA, USA) and Cyberknife® (Accuray 
Inc., Sunnyvale, CA, USA). Gamma Knife uses a fixed num-
ber of cobalt radiation sources to deliver very focused radia-
tion with steep fall-off beyond the target volume (Fig. 10.1). 
A stereotactic headframe is placed under local anesthesia 
that serves as both reference fiducials for stereotactic imag-
ing and fixation in the device during treatment [28]. More 
recently, thanks to advances in computer software and 
machine hardware, “face masks” have been used to immobi-
lize the patient thereby eliminating the need for a rigid frame 
(frameless stereotactic radiosurgery) while achieving a simi-
lar degree of precision. LINAC systems also make use of a 
stereotactic head frame; however, instead of relying on mul-
tiple fixed radiation sources, the arc radiation delivery sys-
tem moves (Figs.  10.2 and 10.3). In newer systems, the 
patient’s bed moves along with the arcs in order to shape 
target volume and improve dose conformality. With respect 
to ionized particles emitted, these can either be photons, pro-
tons, or carbon ions.

A landmark paper by the Pittsburgh group in 1998 dem-
onstrated the excellent long-term (5–10 years) tumor control 

rates (i.e., 95%) that can be achieved with stereotactic radio-
surgery [29]. In addition, function was noted to be preserved 
in 84% and 85% of patients with intact trigeminal and facial 
nerves at presentation, respectively, with 63% actuarial 
recovery rate of facial nerve deficit at 8 years. Subsequently, 
stereotactic radiosurgery and radiotherapy have become a 
very viable alternative to microsurgical removal of small to 
medium-sized VS.

 Tumor Control Rates

Although there is an established body of literature on the 
effectiveness of radiosurgery for VS, the optimal parameters, 

Fig. 10.1 The Leksell Gamma Knife® model Icon™ (Elekta Inc., 
Atlanta, GA) unit. (Reproduction of photograph courtesy of Elekta, 
Inc.)

Fig. 10.2 The Versa HD™ (Elekta Inc., Atlanta, GA) is a linear accel-
erator with a multi-leaf collimating system, which allows for precision 
shaping of the beam to the treatment area. (Reproduction of photograph 
courtesy of Elekta, Inc.)

Fig. 10.3 The Cyberknife® (Accuray Inc., Sunnyvale, CA, USA) is a 
linear accelerator mounted on a six-axis robot that delivers radiation at 
the target from different positions. The system allows for the detection 
of patient movement and correction of dose delivery in real time. 
(Image courtesy of Accuray Incorporated—©2018 Accuray 
Incorporated. All Rights Reserved)
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including appropriate time of treatment, treatment modality 
(Gamma Knife vs. LINAC vs. proton beam) as well as dose 
and dosing scheme are still a matter of contention. A com-
prehensive review of the literature, including both retrospec-
tive and prospective studies, shows similar favorable 
radiosurgical failure rates ranging from 1.4% to 10.8% 
[30–39].

Following stereotactic radiosurgery, patients should be 
followed up with MRI scans and audiograms every 6 months 
for the first year, then annually for the next 2  years, then 
every other year for 4 years, then every 3 years for 6 years, 
and continuing in a similar pattern for the next few decades. 
Patients should also be informed that a transient increase in 
tumor volume after radiosurgery is an expected phenomenon 
(mean interval 13.4 months); therefore, additional treatments 
should not be hastily recommended [20, 40]. Median time to 
salvage microsurgery has been reported at 30–37  months 
(range 3–153 months) [31, 41, 42].

 Hearing Preservation

Published hearing results following stereotactic radiosurgery 
have been highly variable among institutional series ranging 
from 23% to 74%, depending on the length of follow-up 
[30–39]. Most studies use the Gardner-Robertson classifica-
tion scale (I–V, from good hearing to deaf), where hearing is 
considered preserved when it is class I (0–30 dB pure tone 
average and 70–100% speech discrimination) or class II (31–
50  dB pure tone average and 50–69% speech discrimina-
tion). The American Academy of Otolaryngology-Head and 
Neck Surgery (AAO-HNS) scale uses the same criteria for 
defining useful hearing [23].

A pooled analysis by Coughlin and colleagues with 
almost 2200 patients showed a 58% crude hearing preserva-
tion rate after an average follow-up of 46.6  months [43]. 
Regarding longer-term outcomes, according to our experi-
ence, only 23% of patients maintained useful hearing (AAO- 
HNS Class A/B) at 10 years [39]. Similarly, Hasegawa and 
colleagues observed that hearing function remain unchanged 
in 68% of patients, while the useful hearing was preserved in 
37% of cases [44].

Excellent pretreatment hearing remains the most predic-
tive factor of preserved serviceable hearing irrespective of 
the cochlear dose. Proposed strategies suggest reducing the 
radiation dose to the cochlea with the rationale of improving 
hearing outcomes; however, this strategy may require that 
we reduce the marginal dose, thereby intentionally under-
treating the lateral portion of the tumor and compromising 
long-term tumor control [45]. Several studies have identified 
a cochlear dose between 3.0 and 5.3  Gy as the optimal 
threshold, beyond which risk of losing serviceable hearing 
increases significantly [36, 37, 46, 47].

 Cranial Nerve Function

Besides the vestibulocochlear nerves, the cranial nerves 
mostly at risk following stereotactic radiosurgery are the tri-
geminal and the facial nerves. Several reviews have identi-
fied tumor size and the delivered marginal dose to be 
important prognostic factors for subsequent risk of cranial 
neuropathy [31, 48–50]. Evidence has consistently shown 
that a marginal tumor dose of 12–13 Gy is associated with 
excellent trigeminal and facial nerve preservation rates, 
which range from 92% to 100% [30, 31, 48, 51–58]. These 
rates are lower, though, in patients who have undergone 
microsurgical resection prior to radiosurgery [50].

Linskey and colleagues hypothesized that it is the CN 
length, rather than tumor volume and dose that determines 
the risk of cranial neuropathy following SRS [59]. 
Specifically, they found the pons-petrous distance and the 
mid-porous transverse tumor diameter to independently cor-
relate with the risk of neuropathy. Consequently, the maxi-
mal diameter allowable for radiosurgery is generally 
accepted as 3  cm; however, some centers may still treat 
larger lesions by administering a dose lower than 12 Gy or 
employing fractionation. Data regarding the function of the 
vestibular nerve are more limited. A detailed examination of 
vestibular function by Fukuoka and colleagues showed that 
almost 90% of patients had some degree of vestibular dys-
function before radiosurgery and that treatment did not sig-
nificantly affect vestibular function [52]. In addition, 
persistent dizziness was observed in 2% of patients. 
Similarly, Combs and colleagues reported that patients pre-
senting with dizziness noticed no improvement following 
treatment [60]. In a series of 117 patients by Murphy and 
colleagues, 4% of patients reported new vertigo and 18% 
had new gait imbalance [61]. Finally, Badakhshi and col-
leagues conducted a retrospective analysis of 190 patients 
treated with a LINAC-based, image-guided system and 
found that 14% of patients had worse symptoms compared 
to baseline, while 29% had symptom relief.

 Fractionated Radiotherapy

Fractionated radiotherapy refers to radiation delivered in 
multiple fractions. When it is delivered in a small number of 
fractions (i.e., 2–5) it is referred to as hypofractionated. 
Wallner and colleagues were the first to report the use of 
fractionated radiotherapy as an adjunct treatment to STR 
and biopsy [62]. Local tumor recurrence decreased from 
46% to 6% when doses greater than 45 Gy were delivered to 
the postoperative bed, with an actuarial 15-year tumor con-
trol rate equal to 94% [62]. Accordingly, the first report with 
20-year data noted a tumor control rate of 88% at 5 years 
and 85% at 15 years; the mean radiation dosage was 51 Gy 
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with an average of 1.8 Gy per fraction and a 1–2 mm margin 
on the contrast-enhanced tumor image on MRI [27, 
63–67].

With the popularization of stereotactic techniques, 
advanced radiotherapy technologies have allowed for more 
conformal dose distributions. Stereotactic radiotherapy 
emerged as an attractive option after reports of high rates of 
cranial neuropathy following initially high single-fraction 
doses (i.e., 16 Gy) [30]. Tumors with a pons-petrous distance 
>1 cm and mid-porous transverse diameter >2 cm were the 
first ones to be treated [59, 68]. Several stereotactic radio-
therapy schemes have been reported in the literature for the 
treatment of VS [28, 41, 60, 64, 69–71]. Current dosing 
schemes typically range from 1.8 to 2.0 Gy per fraction for a 
total maximum dose of 40.0–57.6 Gy.

Reported local tumor control rates are estimated at 
94–100% [41, 61]. Similarly, trigeminal and facial nerve 
preservation rates range from 84–100% and 96–100%, 
respectively [72]. Fractionating the total radiation dosage 
into a series of smaller doses aims to minimize injury to adja-
cent cranial nerves, particularly the cochlear nerve. Though 
inconsistently measured, hearing preservation rates are esti-
mated at 61–98%, based on a systematic review by Jian and 
colleagues of modern series (843 patients with a median 
follow-up ranging from 1.6 to 9 years) [72].

It is worth mentioning that in the largest contemporary 
series by Aoyama and colleagues and by Litre and col-
leagues, with a total 356 patients who underwent fraction-
ated stereotactic radiotherapy (median total dose of 50 Gy in 
sessions of 1.8–2 Gy), tumor growth necessitating new inter-
vention was noted in 4.8% at a median follow-up of 
60–72  months [73, 74]. Hearing deterioration (Gardner- 
Robertson class I–II to III–V) was observed in 45%, facial 
nerve deterioration in 2.5–2.7%, and trigeminal nerve dete-
rioration in 2–3.6% of patients.

Data on hypofractionated radiotherapy (five sessions) is 
more limited. According to a systematic review by Nguyen 
and colleagues of 228 patients treated with LINAC-based 
systems (total dose of 20–25 Gy), estimated pooled tumor 
control rates average 95%, while hearing, facial nerve, and 
trigeminal nerve preservation rates were 37%, 97%, and 
98%, respectively [75]. Lastly, with regard to the number of 
sessions and outcomes, Meijer and colleagues treated 80 
patients with a fractionated schedule (20–25 Gy in five frac-
tions) and 49 patients in a single fraction (10 or 12.5 Gy) 
[65]. Tumor control, facial nerve preservation, and hearing 
preservation rates at 5 years were similar for the two groups. 
Interestingly, patients receiving the hypofractionated regi-
men had a significantly higher trigeminal nerve preservation 
rate (98% vs. 92%).

 Comparing Radiosurgery and Radiotherapy

Currently, data from prospective, randomized studies directly 
comparing the outcomes following the two methods do not 
exist, which is partly attributed to physician bias or patient 
expectations that influence treatment decision, thereby ren-
dering enrollment very challenging [60, 76]. Comparisons 
across different studies are even more difficult given the 
wide variety of definitions of tumor control and hearing pres-
ervation (the Gardner-Robertson hearing classification scale 
is less often used by fractionated groups). Though each tech-
nique has distinct technical properties and radiobiologic ben-
efits, there is little evidence on the superiority of one 
technique over the other (Table 10.1).

Andrews and colleagues retrospectively compared 125 
patients and found equivalent tumor control (98% vs. 97%) 
and preservation of CN V (95% vs. 93%) and VII (98% vs. 
98%) function between radiosurgery (12 Gy) and fraction-
ated radiotherapy (50  Gy) [76]. Hearing preservation was 
significantly lower in the radiosurgery group (33% vs. 81% 
at a median follow-up of 41 and 38 weeks, respectively). In 
a similar fashion, Combs and colleagues compared 191 
patients who were treated with LINAC-based single-dose 
radiosurgery (≤13 Gy) versus fractionated stereotactic radio-
therapy (57.6 Gy) and observed comparable tumor control 
(96% vs. 96%) and hearing preservation (78% vs. 78%) rates 
at a median follow-up of 75 months [60].

In regard to hearing preservation, the most satisfactory 
results have been achieved with stereotactic fractionated 
radiotherapy, with the majority of studies reporting 61–98% 
hearing preservation rate after a total dose of 40–57.6 Gy at 
a median follow-up ranging from 1.6 to 9  years [72]. 
However, more long-term follow-up data are needed before 
conclusions are made. Thomas and colleagues reported a 
delay in sensorineural hearing loss following fractionated 
radiotherapy occurring with a latency of 1.5–5  years [71]. 
Interestingly, in the study by Combs and colleagues, the 
majority of hearing detriment was observed at 6–10 months 
after treatment [60].

 Proton Beam Therapy

Proton beam therapy has been employed for the treatment of 
VS as well. Its highly conformal properties and rapid dose 
fall-off in combination with minimal exit dose offer an 
appealing advantage over photon-based systems, which is 
particularly beneficial in the treatment of intracranial targets 
surrounded by sensitive critical structures, including the 
cochlea.
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Proton beam therapy has been utilized in several delivery 
schemes, including single-fraction, hypofractionated, and 
fractionated approaches. For example, Bush and colleagues 
administered 54 and 60 cobalt-Gy equivalents (cGye) in 
30–33 fractions for patients with and without useful hearing 
(Gardner-Robertson class I–II vs. III–V), respectively [77]. 
Tumor control rates have been reported to range from 84% to 
100% at a mean follow-up of 34–60 months [77–80]. Cranial 
nerve function rates were excellent as well; studies have 
reported trigeminal and facial nerve preservation rates of 
89–100% and 91–100%, respectively. Finally, hearing results 
are less satisfactory. Based on these early experiences, hear-
ing preservation rates were 31–42%, which might be attrib-
uted to the small proportion of patients presenting with 
useful hearing.

In summary, the theoretical advantages of proton beam 
therapy should be weighed against its much higher cost; until 
firmer evidence is established, its application for the treat-
ment of patients with VS will be fairly limited.

 Risk of Secondary Malignancy

Risk of malignant transformation is exceedingly rare, and 
only case reports exist in the literature after an interval of 
5–30-years of follow-up [81–83]. According to an institu-
tional review by Rowe and colleagues of 5000 patients 
treated with SRS over 30,000 patient-years of follow-up, a 
single new brain astrocytoma was detected, which is lower 
than the anticipated number of 2.47 cases based on popula-
tion statistics. Given that SRS typically delivers radiation in 
a single fraction to a small target and regional tissue volume, 
which is more likely to lead to cell death than cell transmuta-
tion, the risk of delayed malignancy is very small [84]. The 
risk theoretically might be higher with fractionated external 
beam radiotherapy as radiation is delivered in more sessions 
but still remains extremely small.

 Summary

The guideline panel of the Congress of Neurological 
Surgeons recently released its recommendations on the man-
agement of acoustic neuromas with radiation [20]. According 
to the guideline panel, it is recommended that doses less than 
13 Gy should be used in single-fraction stereotactic radiosur-
gery schemes to facilitate hearing preservation and minimize 
new onset or worsening of preexisting cranial nerve deficits 
[20]. Additionally, the report highlighted that follow-up 
imaging should be obtained at regular intervals after SRS 
based on “clinical indications, a patient’s personal circum-
stances, or institutional protocols” [20]. Currently, there is 
not sufficient evidence to support the superiority of radiosur-

gery over radiotherapy with respect to tumor control rates. 
Therefore, future prospective trials are needed to provide 
firm evidence on the optimal use of the various radiation 
modalities, ideally leading to an appropriate individualized 
management algorithm for patients with VS.

 Microsurgery

Microsurgical resection combined with sophisticated cranial 
nerve monitoring has been a widely accepted option for the 
treatment of VS with varying degrees of hearing loss. 
Microsurgical approaches to acoustic tumors can be grouped 
into three broad categories: retrosigmoid, translabyrinthine, 
and middle fossa approaches, each with its own advantages 
and disadvantages. Some surgeons prefer a single technique 
to remove all types of tumors regardless of size and related 
symptoms. Others tailor their approach based on tumor char-
acteristics, patient’s preference/expectations, and audiologic 
parameters [85–87].

One of the earliest documentations of VS resection is 
attributed to Annandale in 1895, who attempted a unilateral 
suboccipital approach [88, 89]. In 1904, Parry described a 
middle fossa approach to the vestibulocochlear complex for 
the surgical management of a patient with tinnitus and ver-
tigo [90]. In 1912, Franciscus H.  Quix published the first 
translabyrinthine resection as part of a two-stage procedure 
[91]; the approach was later popularized by William House 
[92]. As previously detailed, Harvey Cushing and Walter 
Dandy contributed greatly to the advancement of the surgical 
treatment of VS [4, 89, 93, 94].

As Gonzalez and Spetzler highlight, the internal auditory 
canal (IAC) may be accessed through different approaches 
that are based on distinct trajectories [95]. The retrosigmoid 
is the most common one, as it is the approach that most neu-
rosurgeons are familiar with, allowing for exposure of the 
IAC in an angle parallel to the petrous surface. On the other 
hand, the translabyrinthine approach is ideal for tumors con-
fined to the IAC or when they extend laterally beyond the 
“accessible” region, after the posterior lip of the IAC has 
been drilled [95]. It is generally preferred when hearing is 
severely compromised (Gardner-Robertson class III or IV) 
or is not an issue because of tumor size (usually larger than 
2 cm) [95, 96]. Finally, compared to the other two, the mid-
dle fossa approach offers satisfactory exposure of the IAC 
and its contents, including the facial (all segments) and supe-
rior vestibular nerves, through a superior trajectory. It is pri-
marily employed for small lesions confined to the IAC, or 
less than 1 cm in posterior fossa diameter, particularly when 
preservation of hearing is desired.

Complete surgical removal is the best answer for long- 
term recurrence-free outcomes. Nakatomi and colleagues 
also showed the extent of resection to be the strongest pre-
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dictor of recurrence, with patients treated with STR having a 
nearly 11-fold greater risk of recurrence compared to those 
who underwent gross total resection (GTR) [97]. Specifically, 
recurrence-free survival rates at 10 and 15 years were esti-
mated to be 82% and 73% for GTR compared to 17% and 
8% for STR, respectively [97]. Comparably, a study by Jacob 
and colleagues revealed a 13-fold higher risk of recurrence 
for STR than near total resection (NTR), with the median to 
recurrence following NTR being 124 months compared to 
32 months after STR [98]. The authors concluded that com-
plete resection should be the primary goal of microsurgery 
and less than complete resection should be based on intraop-
erative impression, on the grounds of potential neurological 
deficit due to “continued dissection of adherent disease” 
[98]. In addition, a review of the literature by Yamakami and 
colleagues demonstrated 0–2% recurrence with long-term 
follow-up when the majority of tumors were completely 
removed [99]. Significantly higher rate was observed in only 
one small study with 33 patients in which 69% had a subtotal 
removal and 20% had a recurrence. More recently, a prelimi-
nary report of the Acoustic Neuroma Subtotal Resection 
Study (prospective, multicenter, nonrandomized cohort 
study) revealed three-times higher risk of recurrence in 
patients with vestibular schwannoma ≥2.5 cm who had STR 
compared to GTR and NTR [100].

 Hearing Results

Often, the most important factor determining the surgical 
approach is preoperative hearing status. Reported rates of 
hearing preservation after retrosigmoid or middle fossa 
approaches range from 17% to 88% [101, 102]. Generally, 
the average risk of serviceable hearing loss correlates with 
tumor size, with the risk increasing with increasing tumor 
size. Additionally, the extension of the tumor to the fundus of 
the IAC and cochlear aperture is a negative predictor of abil-
ity to remove the tumor and preserve useful hearing. The 
considerable variety in audiologic criteria used renders the 
comparability of hearing outcomes across studies difficult 
[23, 102, 103]. At a minimum, useful hearing requires speech 
discrimination scores greater than 50% and a pure tone aver-
age sufficient for amplification (typically >50 dB).

 Facial Nerve Outcomes

Preservation of facial nerve function is one of the important 
drivers of surgical success from the patient’s perspective. 
Although not directly life-threatening, facial nerve palsy can 
be life-altering, particularly in cases of minimal postopera-
tive recovery of function. Excellent rates of facial nerve 
function preservation can be achieved with all three surgical 

approaches [101, 102, 104–106]. The middle fossa approach 
is associated with worse facial nerve outcomes than the ret-
rosigmoid approach based on directly comparative studies 
[102, 105]. It should be noted that facial nerve outcomes 
worsen as tumor size increases [107]. For tumors larger than 
2.5 cm, the rates for both translabyrinthine and retrosigmoid 
approaches range from 50% to 94%, with functional “good” 
results from 20% to 80% [108].

In an attempt to preserve facial nerve function, many sur-
geons will opt for STR or NTR followed by radiosurgery 
either primarily or because of tumor remnant growth. 
According to recently published guidelines, more than 90% 
of patients maintain normal or near normal facial function, 
rates better than those reported for GTR (31.4–92.8%) [109]. 
In the Acoustic Neuroma Subtotal Resection Study, good 
facial nerve function (House-Brackmann grade I and II) was 
achieved in 67% immediately and 81% at 1  year [100]. 
Furthermore, immediate facial nerve function (House- 
Brackmann grade I/II) was associated with smaller preopera-
tive tumor diameter and volume as well as a larger percentage 
of the tumor left behind [100].

 Cerebrospinal Fluid Leakage

Cerebrospinal fluid (CSF) leakage is the most common com-
plication associated with VS surgery [32]. Reported rates are 
highly variable in the literature, ranging from more than 20% 
to as low as 0%, depending on the approach, surgeons’ expe-
rience, operative time, and patient’s body mass index [110–
112]. In the largest study to date, Alattar and colleagues 
queried a statewide administrative database and found an 
incidence of readmission with CSF leak of 3.5% among 
6820 patients with VS treated between 1995 and 2010 [113]. 
Significant factors found to be independently associated with 
readmission for CSF leak were male sex, obesity, teaching- 
hospital status, and hospital case volume. Regardless of the 
approach, the meticulous surgical technique is critical in 
reducing the risk of CSF leakage. Careful application of 
bone wax to exposed air cells and packing autologous fat or 
muscle is now standard [114]. More recently, hydroxyapatite 
bony replacement and tissue glues have been proposed as 
well; however, their effectiveness is not well established, and 
they may present a higher risk of infection [87, 115].

 Patient Reported Quality of Life

Given the increasingly important role of patient reported out-
comes in healthcare quality measurement, there have been a 
rising number of publications investigating patient’s health- 
related quality of life (QOL), symptom-associated disability, 
and treatment satisfaction using subjective instruments 
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[116–119]. This increase is particularly relevant to the study 
of VS because the focus of treatment has shifted from 
 survival to improvement in patient functionality, symptoms, 
and well-being. To date, the only validated instrument spe-
cifically designed for patients with sporadic VS is the Penn 
Acoustic Neuroma QOL (PANQOL) questionnaire [120].

To date, only four prospective observational studies have 
been published looking at patients’ QOL following different 
treatment modalities [121–124]. Pollock and colleagues as 
well as Myrseth and colleagues demonstrated more favor-
able outcomes for radiosurgery compared to surgical resec-
tion, whereas Di Maio observed similar trends in QOL 
following observation, radiation therapy, or surgery after a 
mean follow-up period of 31.8  months [121, 123, 124]. 
Finally, Breivik and colleagues reported a statistically sig-
nificant, albeit small, improvement in vertigo and balance 
but no change in tinnitus comparing radiosurgery to micro-
surgery and observation after a median observation period of 
43 months [122].

Carlson and colleagues investigated long-term QOL in 
VS patients managed with microsurgery, stereotactic radio-
surgery, and observation in two tertiary academic referral 
centers in the United States and Western Europe. Mean inter-
val between treatment and survey was 7.7 years. Interestingly, 
microsurgical management was found to be associated with 
the greatest decrease in health-related QOL measurements. 
Furthermore, patients who underwent microsurgery had sig-
nificantly lower PANQOL total score by 8–11% compared 
with those managed with stereotactic radiosurgery or obser-
vation, respectively. The questionnaire domains in which the 
largest differences were observed included facial function 
(13–14%), balance (10–19%), and pain (19–30%) [125]. In 
another large-scale study by Soulier and colleagues, patients 
with tumors ≤10 mm in size under observation reported sig-
nificantly higher total PANQOL score compared to the 
radiosurgical and microsurgical groups at a mean follow-up 
of 4 years [126].

In addition, we recently analyzed QOL data from 143 
patients enrolled in a prospective, international study [127]. 
GTR was achieved in 122 patients while the remaining had 
STR. Interestingly, we found GTR to be associated with bet-
ter QOL at a mean follow-up of 7.7 years after surgery across 
all three measures used (i.e., Short Form-36, PROMIS-10, 
and PANQOL, even after adjusting for baseline and outcome 
differences thereby indicating that there is a psychological 
advantage to patient reported well-being when the entire 
tumor is removed).

Yet, it should be noted that several of the reported differ-
ences in QOL might not represent significant changes from 
the patient’s perspective. Carlson and colleagues published 
the minimum clinically important thresholds for the 
PANQOL domain and total scores and found that they 
exceeded the differences reported in prior studies, which 

based conclusions on QOL benefit among VS treatment 
modalities on statistical significance alone [128].

 Conclusions

Significant advances have been made in the past three 
decades in the management of VS. Currently, three options 
exist: observation, stereotactic radiosurgery/radiotherapy, 
and microsurgical resection. Observation may be offered to 
patients with small lesions and minor symptoms while ste-
reotactic radiation/radiosurgery is a good option for tumors 
up to 3 cm in size. Comparable tumor control rates have been 
demonstrated using the different radiation modalities. 
Contemporary single-session radiosurgery schemes allow 
for hearing preservation rates greater than 60% in short-term 
follow-up and a risk of facial weakness of approximately 
1%. Surgery remains a commonly employed treatment, par-
ticularly in patients with large tumors causing brainstem 
compression or progressive neurological symptoms.
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11Translabyrinthine Approach

Sarah Mowry, Maroun T. Semaan, Cliff A. Megerian, 
Thomas Ostergard, and Nicholas C. Bambakidis

Following its revival by Dr. William House, the translabyrin-
thine approach (TL) has become a workhorse technique, 
especially in patients with significant preoperative hearing 
loss. Dr. House collaborated with William E.  Hitselberger 
and showcased the synergy that can be obtained with a mul-
tidisciplinary skull-base surgical team [1]. This model of col-
laboration between otologists and neurosurgeons has become 
commonplace and has arguably served as a model for ante-
rior skull-base surgery teams.

 Preoperative Evaluation

The standard evaluation of a patient with an acoustic neu-
roma begins with a targeted history and physical examina-
tion. The most common presentation associated with acoustic 
neuroma is hearing loss, which is typically gradual but can 
occur suddenly [2]. Other common symptoms include high- 
pitched tinnitus, disequilibrium, headache, and facial numb-
ness from compression of nerves adjacent to the tumor. 
Although disequilibrium, ataxia, headaches, nausea, and 
vomiting are rare at presentation, attention must be paid to 
these symptoms, which may be signs of hydrocephalus and 
brainstem compression [3, 4]. At presentation, most patients 
have a completely normal examination but harbor complaints 
of unilateral sensorineural hearing loss. The most common 
presenting signs associated with large tumors include an 
abnormal corneal reflex, nystagmus, facial hypesthesia, and 
imbalance. Facial palsy, abnormal eye movements, and pap-
illedema are less common and mostly seen in patients with a 
large tumor associated with hydrocephalus.

When paralysis results from surgery, the House- 
Brackmann scale is usually used to grade recovery of facial 
nerve function [5]. However, the scale has been used preop-
eratively in an effort to quantify preexisting paralysis caused 
by a tumor. Most patients present with normal facial nerve 
function and minor hearing complaints. However, an increas-
ing number of acoustic neuromas are now detected inciden-
tally before patients become symptomatic due to 
improvements in imaging [6].

Because subjective hearing loss and tinnitus are the most 
common symptoms associated with an underlying acoustic 
neuroma, most patients go to an otolaryngologist for audio-
metric testing. Detection of a unilateral sensorineural hear-
ing loss usually triggers imaging studies [6, 7]. The initial 
screening tool is usually a pure-tone audiogram, which typi-
cally establishes a pattern of asymmetric sensorineural hear-
ing loss common in patients with an acoustic neuroma. A 
difference in hearing of 10–15 dB between ears at two differ-
ent frequencies is considered significant asymmetry and may 
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indicate underlying pathology [6, 8]. A speech discrimina-
tion test should be performed in conjunction with the pure- 
tone audiogram. Speech discrimination may be reduced 
disproportionately to the pure-tone loss. Therefore, a differ-
ence of 15–20% between ears should raise suspicion of a 
retrocochlear problem [6]. Silverstein and colleagues 
reported a combination of the two hearing tests, which was 
modified by Gardener and Robertson to classify hearing loss. 
Twelve percent of patients with acoustic neuromas lack hear-
ing loss [9]. Neurodiagnostic auditory brainstem testing can 
also be used to diagnose acoustic neuromas, but this modal-
ity is less sensitive than magnetic resonance imaging (MRI), 
particularly for detecting small tumors [10].

The current gold standard for diagnostic imaging of 
acoustic neuromas is gadolinium-enhanced MRI, which has 
a sensitivity of 98% and a specificity of almost 100% [11]. 
Acoustic neuromas are often isodense to the brain and 
brightly enhancing. Furthermore, cystic degeneration or, 
rarely, hemorrhage may be detected [12].

 Patient Selection

When surgical excision is indicated, the choice of surgical 
approach should be tailored to each patient. The most impor-
tant factors in choosing a surgical approach are the patient’s 
preoperative hearing function, tumor size, and tumor loca-
tion. Simply put, the translabyrinthine approach should 
strongly be considered when patients do not have serviceable 
hearing or when an alternative approach is very unlikely to 
preserve hearing function. This decision becomes more com-
plicated in patients with contralateral hearing loss or neuro-
fibromatosis type 2 (NF2).

When considering hearing function, it is important to 
review the audiometric data for both ears. Serviceable hear-
ing can be defined using the 50/50 rule or 70/30 rule. The 
50/50 rule translates to a pure-tone average greater than 
50 dB, a word recognition score greater than 50%, or both. 
The 50/50 rule is the more relaxed of the two criteria. The 
70/30 rule should be reserved for considering patients with 
coexisting contralateral hearing loss of patients with NF2.

With consideration given to hearing preservation, tumor 
size and location can help guide the choice of surgical 
approach. When performed properly, the translabyrinthine 
approach allows for the resection of large tumors. However, 
as tumor size increases, brainstem compression becomes 
more likely and can be more difficult to address through a 
translabyrinthine approach. For extremely large tumors, the 
translabyrinthine approach can be combined with other 
approaches to increase the size of the exposure.

The patient’s anatomy should be carefully studied to exam-
ine the size of the operative corridor when performing a trans-
labyrinthine approach. The locations of the sigmoid sinus and 

jugular bulb should be assessed as these form the borders of 
the approach. An anteriorly located sigmoid sinus can narrow 
the size of the operative corridor. However, it is usually less 
limiting than a high-riding jugular bulb, which approaches the 
inferior aspect of the internal acoustic canal (IAC). A high-
riding jugular bulb can prevent the goal of 270° exposure of 
the IAC and significantly narrow the operative corridor.

While techniques have been described to mobilize the 
dural venous sinuses, it is likely better to avoid this issue if 
an alternative surgical approach is viable. Of note, when a 
high-riding jugular bulb leads to selection of a retrosigmoid 
approach, its course should still be carefully noted. The jugu-
lar bulb can rarely rise above the level of the IAC, which 
likely increases the risk of injury when maximizing the ante-
rior and inferior margins of a retrosigmoid craniotomy. The 
degree of temporal bone pneumatization should also be care-
fully reviewed as hyperpneumatization likely increases the 
risk of postoperative cerebrospinal (CSF) leak.

The translabyrinthine approach offers a number of benefits 
that explain its wide use among skull-base surgeons. The 
facial nerve is identified early in the approach and likely 
explains why this approach has the lowest incidence of post-
operative facial nerve dysfunction [13–19]. There is less cer-
ebellar retraction and often a lower duration of intradural 
dissection. Drilling is performed prior to dural opening, pre-
venting bone dust from entering the cisternal spaces. The 
incision is more anterior, which reduces the amount of mus-
cular dissection. These differences likely explain why patients 
undergoing a translabyrinthine exposure have the shortest 
hospital stay and lowest incidence of postoperative headache. 
Aside from loss of hearing, there is also likely a higher rate of 
postoperative CSF leak in translabyrinthine approaches.

 Surgical Procedure

The TL approach is performed with the patient under general 
endotracheal anesthesia. Long-acting muscle relaxants are 
avoided because the facial nerve is monitored routinely in all 
cases. Pneumatic compression stockings are used before 
anesthesia is induced to avoid deep vein thrombosis of the 
lower extremities. Due to the length of the procedure and the 
possibility of administering mannitol, a urinary catheter is 
placed.

A C-shaped incision is placed 4–5 cm behind the postau-
ricular sulcus, extending just above the auricle and just below 
the mastoid tip (Fig. 11.1a). The periosteum is incised in a 
T-shaped fashion, creating three musculoperiosteal flaps. 
The trifurcation is marked with colored sutures, which help 
the surgeon to replace the flaps during closure (Fig. 11.1b). 
When making the inferior periosteal cut, care should be 
taken to avoid injuring the facial nerve as it exits the stylo-
mastoid foramen.
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Fig. 11.1 (a) A right-sided surgical incision is outlined. (b) The skin 
flap is reflected forward. The musculoperiosteal layer is incised in a 
“T.” The trifurcation is marked by three black stitches (white triangles). 
(c) The musculoperiosteal layers have been elevated and sutured to skin 

edges. The anterior flap is sutured to the skin flap and reflected forward. 
The arrow points to the mastoid tip and the asterisk indicates the exter-
nal auditory canal

Bleeding from the mastoid emissary vein should be 
anticipated while elevating the periosteum and controlled 
with bone wax. While this brisk bleeding is often concern-
ing to the early surgical trainee, its occurrence is welcome 
to provide a landmark for the transverse-sigmoid sinus 
junction. The anterior flap is sutured to the C-shaped skin 
flap, and both are retracted anteriorly with skin hooks 
(Fig.  11.1c). This maneuver provides an excellent expo-
sure without the need for self-retaining retractors and 
avoids increasing the depth of the surgical field unneces-
sarily [20].

Cortical landmarks should be identified to orient the sur-
geon. The floor of the middle fossa can be estimated by the 
temporal line, which provides a superior boundary for the 
petrous bone. The posterior aspect of cortical bone forming 

the external acoustic canal can be estimated by the spine of 
Henle, which provides an anterior boundary. The sigmoid 
sinus is the posterior boundary in the mastoidectomy, but it 
lacks a consistent surface landmark. Its location is repre-
sented by a line drawn between the spine of Henle and the 
temporal line. These three lines mark the suprameatal trian-
gle (also known as Macewen’s triangle).

Troughs are drilled along the three lines of the supramea-
tal triangle. As the anatomy is appreciated during drilling, 
these lines should be saucerized and maximally widened to 
prevent narrowing of the surgical corridor. First, the superior 
trough is extended superiorly above the temporal line to 
identify the dense cortical bone of the mastoid tegmen. This 
cortical bone can be followed inferiorly and medially to 
expose the mastoid tegmen.
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Attention is then turned to the anterior boundary of the 
suprameatal triangle. The anterior mastoid is drilled until the 
external auditory canal (EAC) becomes eggshell thin. The 
boundary of the EAC and mastoid tegmen are connected 
anteriorly toward the root of the zygoma. The posterior bor-
der is defined by exposing the sigmoid sinus, which allows 
for the identification and deepening of the sino-dural angle. 
It is important to expose the dura of the posterior fossa at 
least 1–2 cm past the sigmoid sinus, which allows for retrac-
tion of the sigmoid sinus if necessary.

As the bone over the sino-dural angle is deepened, 
Koerner’s septum is opened as the antrum is entered. The 
opening in the antrum is widened until it connects with the 
cortex of the EAC.  The surface of the lateral semicircular 
canal should be seen as this bone is thinned. The digastric 
ridge is then identified by further opening the mastoid tip. 
This important landmark points anteriorly to the stylomas-
toid foramen, where the mastoid segment of the facial nerve 
can be identified (Fig. 11.2a).

The labyrinthectomy can usually be completed before the 
sigmoid sinus, and the dura of the middle and posterior fos-
sae is decompressed. The labyrinthectomy is begun by blue- 
lining the superior aspect of the horizontal semicircular 
canal. A cup is then developed within the otic capsule bone 
superior to the bisected horizontal semicircular canal. At this 
point, the inferior half of the horizontal semicircular canal is 
kept intact to protect the tympanic segment of the facial 
nerve, which lies immediately inferior to it (Fig. 11.2b).

The labyrinthectomy continues by widening the cup to 
involve the superior and posterior semicircular canals. The 
crus commune is identified, and the posterior semicircular 
canal is followed to the ampullated end. The canal and sur-
rounding bone must be visualized at all times because the 
ampullated end of the posterior canal lies medial to the vertical 
segment of the facial nerve. The medial aspect of the facial 
nerve can be injured with the drill if care is not taken during 
this step. If the facial nerve has not already been identified and 
skeletonized, care must be taken to avoid drilling under the 
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Fig. 11.2 (a) A complete mastoidectomy has been performed. The 
middle fossa (MF) and sigmoid sinus (SS) are identified. The sinodural 
angle (SDA) is widely open. The mastoid emissary vein (EV) is out-
lined. The digastric ridge (DR) and the horizontal semicircular canal 
(HSC) are identified. The incus is also identified (arrow). (b) The laby-
rinthectomy is started. The horizontal semicircular canal is bisected, 
and the superior half has been removed. The black arrowhead points to 

the bisected horizontal semicircular canal. A cup within the otic capsule 
bone is developed superior to the horizontal semicircular canal (black 
star). (c) The labyrinthectomy is completed. The vestibule is opened 
(black asterisk). The ampullated end of the three semicircular canals is 
opened (open triangles). The outline of the superior semicircular canal 
is marked by black triangles
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bony shelf that usually develops as the posterior canal is fol-
lowed inferiorly. This bony shelf should be removed gently by 
drilling parallel to the facial nerve. This strategy provides clear 
visualization of the entire drill bit at all times.

The three ampullated ends of the semicircular canals and 
the bone covering the vestibule are opened, and the neuroepi-
thelial tissue is removed (Fig. 11.2c). The ampullated end of 
the superior semicircular canal should be preserved as a 
landmark for the superior vestibular nerve. The sigmoid 
sinus is decompressed as is the dura of the middle and poste-
rior fossae, both medially and laterally to the sigmoid sinus, 
and all bone is removed. This step can usually be achieved by 
thinning the bone with a diamond drill. A dural elevator is 
used to dissect the dura from the bone, and a pair of rongeurs 
is used to remove the separated bone. As bone removal over 
the posterior fossa dura continues medially, the vestibular 
aqueduct and the beginning of the endolymphatic sac are 
encountered and divided.

Further medial dissection identifies the porus of the 
IAC. It is important to remember that the axis of the IAC is 
almost the same as that of the external auditory canal. 
Laterally, the fundus of the IAC is near the medial wall of the 
vestibule. Medially, however, considerable bone needs to be 
removed to expose the IAC at the porus appropriately and to 
identify both its superior and inferior borders.

Once the porus is identified, two troughs are created, one 
superior and the other inferior to the IAC (Fig. 11.3a). The 
inferior limit of the IAC is identified by drilling the retrofa-
cial air cells between the presumed location of the IAC supe-
riorly and the jugular bulb, which marks the inferior limit of 
the dissection. As the drilling continues medially and anteri-

orly, the cochlear aqueduct is identified. This important land-
mark usually marks the medial limit of dissection to avoid 
injuring the lower cranial nerves. During resection of small 
and medium-sized tumors, opening the cochlear aqueduct 
usually causes leakage of CSF.  The aqueduct may be 
obstructed by large tumors. The superior trough is created by 
removing bone between the dura of the middle fossa and the 
superior border of the IAC.

The ampulla of the superior semicircular canal serves as a 
landmark for the superior vestibular nerve and the superior 
border of the most lateral extent of the IAC. As dissection 
continues anteriorly and laterally, care is taken to avoid injur-
ing the facial nerve, which can be identified in its labyrin-
thine segment at this location. The bone overlying the porus 
and IAC is thinned and removed completely (Fig.  11.3b). 
When the troughs are created correctly, more than 270 
degrees of the circumference of the IAC are exposed. It is 
important for the bone to be removed to the anterior border 
of the superior portion of the porus, particularly in larger 
tumors. Doing so optimizes exposure and facilitates dissec-
tion of the facial nerve in this area.

Finally, the inferior and superior vestibular nerves are 
identified at the fundus of the IAC with the transverse crest 
between the two nerves. The facial nerve is separated from 
the superior vestibular nerve at the fundus of the IAC by a 
vertical bony crest (Bill’s bar).

Before the dura is opened, all air cell tracts should be 
sealed with bone wax to avoid postoperative leakage of 
CSF. Furthermore, the aditus ad antrum is sealed with peri-
osteal tissue both lateral and medial to the incus, and then 
bone wax is applied (Fig. 11.3b).

a b

Fig. 11.3 (a) The dura of the middle and posterior fossae is decom-
pressed. The jugular bulb (JB), which serves as the inferior limit of the 
dissection, is identified. An inferior trough (I) and a superior trough (S) 
are created to outline the internal auditory canal (black triangle). (b) 
The inferior and superior troughs are well developed, and all bone is 

removed from the posterior fossa, middle fossa, and internal auditory 
canal. All air cells within the external auditory canal and in the retrofa-
cial tract and zygomatic root are sealed with bone wax (black asterisks). 
Periosteal tissue is used to plug the aditus, and bone wax is used to seal 
that area. The internal auditory canal is decompressed (black arrow)
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 Tumor Dissection

Once drilling of the temporal bone is complete, microsurgi-
cal dissection of the tumor from the seventh and eighth 
nerve complex can begin. Typically, the eggshell-thin bony 
covering over dura of the middle and posterior cranial fos-
sae has been removed as has the bone covering the entire 
posterior two-thirds of the IAC from Bill’s bar to the porus 
acusticus [21].

During any surgery involving the cerebellopontine angle 
(CPA), continuous intraoperative monitoring of the facial 
nerve is crucial. Multiple studies have shown that intraopera-
tive monitoring of the facial nerve improves outcomes [4, 
22–28]. We find that frequent testing of the areas where 
tumor is attached is essential for safe resection. The signal 
from the facial nerve may change during tumor dissection or 
manipulation, brain retraction, or irrigation of the tumor bed.

After the dura is opened (Fig. 11.4a), the diagnosis of a 
facial nerve schwannoma/neuroma is excluded via facial 

nerve stimulation and clear visualization of a normal facial 
nerve anterior and superior to the tumor mass and superior 
vestibular nerve complex. If the presumed vestibular schwan-
noma is actually a facial nerve schwannoma, it is our opinion 
that resection should not be attempted unless the preopera-
tive facial function is abnormal. We have found that the 
decompression associated with the surgical approach itself 
provides extra room for future schwannoma growth and 
often preserves normal facial function for many years.

Bill’s bar and intraoperative facial nerve stimulation are 
used to identify the facial nerve at the distal IAC, which is 
then carefully separated from the superior vestibular nerve 
(Fig.  11.4b–d). One advantage of the TL approach is that 
access to the CPA is shifted anteriorly compared with the 
suboccipital approach. Therefore, less retraction of the cere-
bellum is necessary [7]. The extent of the tumor and the 
involvement of neural structures are assessed (Fig.  11.5a). 
Depending on the size and extent of the adhesions to the 
facial nerve, the tumor may need to be debulked before 

a b
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Fig. 11.4 (a) The dura is opened, and dural flaps are retained with 
dural stitches (open triangles). The tumor (T) is exposed. The cerebel-
lum (CER) can be seen. The solid black triangles point to the interface 
between the tumor and cerebellum. (b) The facial nerve (FN) is identi-
fied. The edge of the facial nerve is confirmed using facial nerve stimu-
lation. The plane between the facial nerve and the superior vestibular 

nerve (SV) is developed using sharp dissection. (c) The superior ves-
tibular nerve is avulsed from its attachment away from the facial nerve 
using a right-angled instrument. (d) The superior vestibular nerve and 
the facial nerve are separated by Bill’s bar (BB). The plane between the 
facial nerve and superior vestibular nerve is well developed in the lat-
eral part of the internal auditory canal
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Fig. 11.5 (a) The inferior and medial poles of the tumor (T) are dis-
sected. The facial nerve (black arrowhead) is identified, if possible, at 
the root entry zone at the brainstem (BS). (b) After the facial nerve is 
identified both laterally and medially, the tumor debulking is started. 

The posterior surface of the tumor is cauterized, and a piece of the 
tumor is removed and sent for biopsy. (c) Tumor debulking continues. 
A Cavitron ultrasonic surgical aspirator (CUSA) is used to evacuate the 
contents of the tumor. The remaining tumor cavity is visible (white star)

microdissection proceeds (Fig.  11.5b). When debulking is 
indicated, we prefer ultrasonic aspiration and typically have 
this tool available for every case (Fig. 11.5c). After the tumor 
capsule is opened and debulked or when the tumor is less 
than 2 cm and debulking is unnecessary, the mass is sepa-
rated from the facial nerve (Fig. 11.6a–c).

We prefer sharp medial-to-lateral dissection of the tumor 
to minimize trauma to the nerves and brainstem. Use of elec-
trocautery should be minimized by the use of thrombin- 
soaked Gelfoam®. When necessary, bipolar cautery should 
be used on a very low setting. The labyrinthine artery almost 
invariably runs between the seventh and eighth cranial 
nerves, and care must be exerted to avoid injuring the vessel 
inadvertently.

Complete tumor resection is always attempted. However, 
especially in patients with prior radiation, a portion of the 
tumor capsule can be very adherent to the facial nerve. We 
prefer to leave a patient with a small part of a benign tumor 
capsule than with facial palsy. This decision can be difficult 
to make intraoperatively and relies on the surgeon’s judg-

ment and experience. When considering leaving tumor 
behind, it should be remembered that when only a small por-
tion of the tumor capsule remains, the risk of tumor recur-
rence is minimal [29].

After the tumor is removed, the surgical field is gently 
irrigated and meticulous hemostasis is maintained. A large 
piece of temporalis fascia is harvested and draped over the 
posterior aspect of the external auditory canal and aditus to 
provide an additional layer of protection against CSF leak-
age. The dura is approximated using a 4–10 Nurolon® suture 
(Fig. 11.7a). Subcutaneous fat is harvested through an inci-
sion in the left lower abdominal quadrant. This step is usu-
ally performed after the tumor has been dissected to minimize 
the time between harvesting the fat and using it to fill the 
defect.

The fat is cut into strips and kept in an antibiotic solution 
until it is used. The first fat strip is placed to cover the defect 
in the dura. It is tied in place using the tail of the suture used 
to approximate the dural flaps (Fig. 11.7b). This maneuver 
helps seal the dural defect and prevents the fat from being 
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Fig. 11.6 (a) As tumor removal continues, the facial nerve (FN) 
becomes more apparent. The black arrowheads point to the course of 
the facial nerve from the root entry zone passing laterally. The trigemi-
nal nerve (TN) can be seen at the superior pole of the tumor (T). (b) 

Intermittently, the responsiveness of the facial nerve (black arrowheads) 
to stimulation is confirmed during dissection. A small tumor remnant 
(T) is still visible. (c) Tumor removal is complete. The entire course of 
the facial nerve from the brainstem (BS) is visible (black arrowheads)

a b

Fig. 11.7 (a) During closure, the dural flaps are approximated using 
4-0 dural sutures (white triangle). A large piece of temporalis fascia is 
harvested and draped over the posterior external auditory canal wall and 
the mastoid antrum (white arrows) as an additional layer of protection 

against CSF leakage. (b) A strip of abdominal fat is placed within the 
dural defect, and the dural stitch is tied over the fat strip to fix it in place. 
The temporalis fascia (white arrows) is draped over the posterior canal 
wall and mastoid antrum
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Fig. 11.8 (a) The musculoperiosteal layer is closed. The trifurcation, marked by the sutures, is reapposed (black triangle). Fat (black asterisk) is 
visible within the mastoid cavity and craniectomy defect. (b) The musculoperiosteal layer is closed completely in a watertight fashion

dislodged laterally or into the CPA.  Several fat strips are 
used to fill the defect in the bone completely to the level of 
the periosteum. Tissue glue can also be applied to supple-
ment the closure if suspicion of a potential leak is high. Other 
authors have advocated the use of hydroxyapatite bone 
cement in addition to adipose tissue to reconstruct the bony 
defect and to prevent CSF leakage [7]. Careful attention to 
occluding the mastoid air cells with bone wax also decreases 
the likelihood of the patient developing a CSF leak.

The musculoperiosteal layer is closed using 3-0 Vicryl 
sutures (Fig. 11.8a). If the flaps are elevated appropriately at 
the beginning of the procedure and kept well hydrated 
throughout the case, this layer often can be closed in a water-
tight fashion (Fig.  11.8b). Several 3-0 Vicryl® sutures are 
used to obliterate the dead space between the skin flap and 
the musculoperiosteal layer. A watertight closure of the skin 
incision follows. Finally, a light mastoid pressure dressing is 
applied.

 Complications

The most dreaded complication of any CPA tumor surgery is 
injury to the surrounding vasculature, especially injury to the 
anterior inferior cerebellar artery or brainstem, which can 
cause a stroke. Fortunately, this risk, which is minimized by 
a good exposure, meticulous technique, and the experience 
of the skull-base team, is rare.

The most routinely feared complication of the translaby-
rinthine approach is injury to the facial nerve. Patients and 
nursing staff should be educated about delayed facial weak-
ness, which can follow normal immediate postoperative 
facial function, which is usually attributed to nerve edema. 
When facial nerve integrity has been confirmed by nerve 

stimulation with good parameters, most patients recovered 
normal or near-normal facial function [30, 31]. We typically 
give patients three doses of dexamethasone in the first 24 h 
after surgery; we then discontinue it unless a delayed facial 
nerve palsy occurs. There has been continued publication of 
data that quantifies the high risk of poor wound healing and 
infection when postoperative glucocorticoids are used.

Other complications include aseptic or bacterial meningi-
tis, CSF leakage, hematomas, transient or permanent neuro-
logic deficits, and standard postoperative risks such as deep 
venous thrombosis, pneumonia, and cardiac complications. 
Reported rates of meningitis range from 1.6% to 4% [32–
36], and reported rates of CSF leakage range from 1.4% to 
8% [13, 16, 33, 34, 37]. With large tumors, the risk of CSF 
leakage is closer to 15% [32, 35]. When leaks do occur, CSF 
diversion with lumbar drainage for 3 or 4 days is our initial 
treatment. In our experience, CSF leaks requiring permanent 
CSF diversion are usually due to elevated intracranial 
pressure.

 Outcomes

For tumors removed through the TL approach, the most cur-
rent otolaryngological and neurosurgical texts cite the rate of 
operative mortality at less than 1% and perhaps as low as 
0.1–0.2%, even with large tumors [12]. There was only 1 
death in an Italian series of 175 patients with tumors at least 
3 cm [16].

Recurrence rates after TL operations are low. Shelton 
reported five recurrences in a series of 1668 TL resections of 
acoustic neuromas [38]. Thedinger and colleagues reported a 
recurrence rate of 0.5% in 999 patients with acoustic or glo-
mus jugulare tumors [39]. After a mean follow-up of 
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11  years, Schmerber and colleagues reported no cases of 
recurrences in 91 patients with acoustic tumors [40]. Despite 
the past criticism that the TL approach is inappropriate for 
most large tumors, other authors have concluded that total 
tumor removal is possible in most patients, regardless of the 
size of their tumor [32]. However, as expected, the risk of 
complications increases as the size of the tumor increases.

The main outcome measures of the TL approach are the 
extent of tumor resection and postoperative facial nerve 
function.

Comparison of outcomes between different surgical 
approaches in vestibular schwannoma surgery is compli-
cated by multiple biases. Significant selection bias is present 
as certain tumor characteristics favor one surgical approach 
over another. For example, small, intracanalicular tumors are 
much more likely to be removed via the middle fossa 
approach. Surgeons also frequently have an intrinsic prefer-
ence for one approach over another due to training and 
experience.

When reviewing the literature, a “good” facial nerve func-
tion outcome is a House-Brackmann grade I or II. Good 
facial nerve outcomes occur in 97–100% of patients with 
isolated intracanalicular tumors, in 92.5–95% of those with 
tumors smaller than 2 cm, and in 63% of those with tumors 
larger than 2 cm [21, 41–44]. Briggs and colleagues reported 
that 90% of their patients with tumors smaller than 2 cm had 
grade 1 or 2 function [13]. Mass and colleagues found that 
76% of 258 patients undergoing the TL approach had grade 
I or II facial function 1 year after follow-up [33]. However, 
this study included 29 patients with tumors larger than 
35 mm. Delayed facial nerve palsy appearing more than 72 h 
after surgery had been reported [45]. Its incidence is esti-
mated at 5%, but most patients regain their immediate post-
operative baseline within a few months. In our experience, 
delayed facial palsy that persists longer than expected is 
attributable to postoperative edema.

An important consideration before any surgical interven-
tion is the patient’s perception of outcome compared with 
standard rates of improvement reported in the literature. 
Ryzenman and colleagues analyzed the self-reports of 1595 
patients who underwent acoustic neuroma surgery via any 
surgical approach [46]. Postoperatively, 45% of the patients 
reported worsened facial weakness after surgery. However, 
70% were “quite a bit” or “very much” content with their 
quality of life. Similarly, Martin and colleagues analyzed the 
self-reports of 76 patients who underwent TL resection of 
acoustic tumors performed by the same surgical team [47]. 
The quality of life subjectively reported by the patients was 
reduced compared with their objective results. We believe 
that the key to matching patients’ expectations to any objec-
tive outcomes starts with consistent preoperative counseling 

in a multidisciplinary (neurosurgery and otolaryngology) 
skull-base clinic.

 Postoperative Care

Similar to the other phases of treatment, postoperative care is 
performed jointly by the neurosurgery and otology services. 
Patients are admitted to the neurosurgical intensive care unit 
overnight for the performance of frequent neurologic exams. 
Patients spend the first night on the neurosurgical service and 
are then transferred to the otology service. If there are new 
neurologic deficits or other concerns, an immediate postop-
erative computed tomography (CT) scan is performed. 
Otherwise, the patient is closely monitored clinically until 
the postoperative MRI is obtained. Unless a new deficit is 
present, minimal steroids are used and rapidly tapered. 
Patients appear to have less postoperative nausea than in the 
retrosigmoid approach, likely due to complete obliteration of 
the labyrinthine structures. Unless there is a concern for 
venous compromise, intravenous fluids are only continued 
until patients tolerate appropriate oral fluid intake.

The other phases of care are similar to the modern postop-
erative care of patients following craniotomy. Mobilization is 
performed as soon as it is tolerated, preferably starting as 
soon as the patient is recovered from anesthesia. Aside from 
the multiple known benefits of mobilization, this also encour-
ages early discontinuation of urinary catheters. The patient’s 
diet is similarly advanced as soon as he or she is recovered 
from anesthesia. Prevention of deep vein thrombosis begins 
with sequential compression devices, which are placed before 
induction in the operating room. Chemoprophylaxis is added 
on the morning of postoperative day 2 and continued until 
discharge. A mastoid dressing is placed in the operating room 
and removed on postoperative day 2. When available, patients 
benefit from specialized nursing staff that frequently cares for 
patients following skull-base surgery. At our institution, this 
tailored care allows for patients with lumbar subarachnoid 
drains to leave the intensive care unit and still be cared for by 
nurses with experience in managing CSF drains.

Patients are usually discharged on the morning of postop-
erative day 3 and are seen in clinic at 2  weeks for suture 
removal. They are seen again at 6 weeks and—provided there 
are no concerns—at 1 year with repeat MRI to evaluate for 
recurrence. In patients with known residual tumor following 
surgery, a 2-year MRI is used to confirm a lack of progres-
sion, followed by a 5-year MRI to confirm stability [40].

The management of postoperative facial weakness 
deserves special attention. Patients should be counseled 
regarding the possibility for immediate and delayed facial 
weakness. Corneal protection is important for any patient 

S. Mowry et al.



155

with incomplete eye closure (lagophthalmos). Patients with 
concomitant V1 dysfunction should be counseled to be extra 
vigilant. Common methods of corneal protection include 
hourly administration of lubricating drops with nightly lubri-
cating ointment. Lubricating drops should be preservative- 
free as frequent administration of preservatives can disrupt 
the tear film and promote inflammation. Methods of tempo-
rary eye closure include eyelid taping, patch placement, and 
temporary tarsorrhaphy. For long-term lagophthalmos, gold 
weight implantation is frequently used.

 Conclusions

The TL approach is a versatile surgical tool for the removal 
of acoustic tumors. Close cooperation is needed between 
members of the neurosurgical and neuro-otological team to 
achieve good results.
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12Hearing Rehabilitation Following 
Acoustic Neuroma Surgery

Cameron C. Wick, Nedim Durakovic, Jacques A. Herzog, 
and Craig A. Buchman

Hearing loss is the most frequent symptom caused by ves-
tibular schwannomas [1]. Aside from the rare tumor that 
presents itself for a hearing-preservation surgery, the major-
ity of tumors will likely result in deafness of the affected ear 
regardless of the intervention modality. The natural history 
of hearing in observed tumors also predicts eventual decline 
[2]. Hearing loss attributed to vestibular schwannomas 
remains a primary driver for poor quality of life in this patient 
population [3, 4].

The auditory system is designed for hearing from two 
ears (binaural hearing). When bilateral input is lost, patients 
suffer from poor sound localization and speech discrimina-
tion in noise. The following text will review the audiologic 
disadvantages of single-sided deafness and the evolution of 
hearing rehabilitation following vestibular schwannoma 
surgery.

 Unilateral Hearing Loss

The auditory system is designed for binaural input. When 
one ear suffers from hearing loss, it manifests as difficulty 
with sound localization and speech recognition, particularly 
in the presence of background noise. The clinical impact of 
unilateral hearing loss is dependent on the patient’s daily lis-
tening environment. For instance, children in a noisy class-
room often have a background signal-to-noise ratio (SNR) of 
2–9 dB. Children with severe-to-profound unilateral hearing 
loss in that environment have a 22–35% of chance of repeat-
ing a grade and a 12–41% chance of requiring additional 
educational support [5–7]. Unilateral hearing loss in children 
is an independent risk factor for poor language comprehen-
sion and oral expression scores [8]. Adults with unilateral 
hearing loss are also subject to the negative psychological 

and social consequences of this handicap. Recurring adult 
themes include anxiety about potential hearing loss in the 
contralateral ear, strong negative emotions including embar-
rassment and frustration, and negative coping strategies such 
as withdrawal from social engagements [9]. In a survey of 51 
patients who had undergone cerebellopontine angle surgery, 
the postoperative decreased quality of life strongly corre-
lated with their unilateral profound hearing loss [10].

The audiologic benefits of binaural hearing are based on 
the principles of binaural summation, binaural squelch, and 
the head shadow effect. Together these phenomena allow the 
brain to detect subtle interaural time and intensity differ-
ences that facilitate sound localization and improved hearing 
in noise. Binaural summation occurs when sound is captured 
from each ear independently and integrated along the audi-
tory pathway. This integration process results in an internal 
amplification of 4–6 dB [11].

Binaural squelch refers to a patient’s ability to listen only 
to the sound of interest when additional sound sources are 
present. For instance, honing in during a conversation amidst 
a loud background environment such as a cocktail party, thus 
named the cocktail party effect. Binaural squelch also occurs 
as sound is transmitted along the subcortical and cortical 
auditory pathways. The threshold benefit of binaural squelch 
is modest, with only a 1–2  dB increase, but the ability to 
understand speech at a lower SNR (i.e., loud environment) is 
significant [12, 13].

Sound travels as an energy wave through space. In the 
binaural condition, the energy waves arrive at each ear with 
a slightly different time and intensity. The interaural time dif-
ference (ITD) and interaural level difference (ILD) are criti-
cal for sound localization. High-frequency sounds, which 
have wavelengths that are shorter than the circumference of 
the skull, are subject to further modification secondary to 
head interference. The interference accentuates the ILD and 
creates a head shadow effect. For high frequencies, the head 
shadow effect can result in a 15–20  dB ILD, while lower 
frequencies have only a 5 dB ILD. Together, binaural sum-
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mation, binaural squelch, and the head shadow effect enable 
patients to localize sound and improve speech  comprehension 
in noise. Without binaural input these elements are lost, thus 
creating the difficulties seen among patients who suffer from 
unilateral hearing loss.

 Hearing Rehabilitation

Hearing rehabilitation options are dependent on the status of 
a patient’s external ear, cochlea, and cochlear nerve. Some 
tumors may present with characteristics favorable for a hear-
ing preservation surgical approach. These factors include 
tumors that originate from the superior vestibular nerve, the 
presence of cerebrospinal fluid between the lateral tumor 
edge and the cochlea (i.e., fundal cap), and small tumor size 
[14–16]. In patients with hearing preserved after surgery, 
amplification of the operative ear depends solely on the 
amount of residual hearing that remains after the procedure. 
The American Academy of Otolaryngology-Head and Neck 
Surgery (AAO-HNS) and the Gardner-Robertson (GR) hear-
ing classification systems both designate serviceable hearing 
as greater than 50% on speech discrimination testing and less 
than 50 dB pure tone average (Table 12.1) [17, 18]. Good 
hearing (AAO-HNS Class A) may not require additional 
amplification, while compromised but preserved hearing 
(AAO-HNS Classes B and C) will likely benefit from a tra-
ditional hearing aid. Patients with a speech discrimination 
less than 50% (AAO-HNS Class D) have a less predictable 
response to amplification in the affected ear. Some patients 
may be bothered by poor clarity from the amplification, 
while others may appreciate improved sound localization 
from the bilateral input. If some degree of hearing persists, 
then at least a hearing aid trial should be considered before 
moving to the single-sided deafness rehabilitation options.

In traditional cerebellopontine angle surgery where hear-
ing is not preserved, the external ear and cochlea remain 
intact but the cochlear nerve is damaged secondary to the 
tumor or tumor resection. This creates a unilateral, profound 
sensorineural hearing loss with no ability to rehabilitate 
using a traditional hearing aid or cochlear implant (CI). 
Therefore, the mainstays of auditory rehabilitation in this 
patient population have focused on bringing sound from the 
deafened ear over to the healthy ear.

 Contralateral Routing of Signal

The concept of bringing noise from a deafened ear to the bet-
ter ear via modified hearing aids connected with a “sound 
tube” was first suggested in 1960 [19]. In 1964, Harry Teder, 
while working at Telex, created a patent that coined the term 
contralateral routing of sound (CROS), and by 1965 Harford 
and Barry introduced the first CROS hearing aid [20]. This 
device consisted of a microphone attached to eyeglasses on 
the hearing impaired side. The microphone detected sound 
from the deafened side and transmitted it via a wire that ran 
across the eyeglass frame into a hearing aid placed in the bet-
ter hearing ear. The classic CROS scenario implies normal 
hearing in the contralateral ear. Harford and Barry also 
developed a Bi-CROS system in which sound presented on 
the side of the better hearing ear could also be amplified if 
that ear had hearing loss. This basic construct of a micro-
phone on the deafened ear connected via a wire to a hearing 
aid on the better hearing ear, with or without the eyeglasses, 
remained in place until 2004. While this version of the CROS 
was a useful option for patients with monaural hearing, the 
wire attachment was bulky, and patients disliked the blocked 
feeling, termed occlusal effect, of having a hearing aid placed 
in the ear canal of a normal hearing ear [21].

In 2004, Siemens developed the first wireless CROS 
device, called the e2e Wireless®, which has since become the 
industry standard and has improved patient satisfaction [22]. 
Directional microphones and improved processing strategies 
have also improved performance [23]. However, the wireless 
adaptation does not eliminate the occlusal effect or the per-
ceived cosmetic aspect of wearing bilateral hearing devices. 
Additionally, insurance coverage in the United States for 
hearing aids, including the CROS system, is sporadic, and 
the out-of-pocket expense can be a barrier to access. Still, the 
noninvasive nature of the device makes it a logical first step 
for patients entertaining the idea of hearing rehabilitation 
following lateral skull base surgery.

The first goal of a CROS device is to enhance the SNR, 
thus improving speech clarity in background noise. The SNR 
is particularly problematic when the primary speech signal 
and background noise are spatially separated. If the speaker 
is talking into the deafened ear with a CROS device in place, 

Table 12.1 Classification systems for vestibular schwannoma audio-
metric outcomes. American Academy of Otolaryngology-Head and 
Neck Surgery (AAO-HNS) class A and Gardner-Robertson (GR) class 
I represent good hearing that may not require additional amplification. 
Serviceable hearing is defined as equal or better to AAO-HNS class B 
or GR class II hearing

Hearing classification schemes
Pure tone average (dB) Speech discrimination (%)

AAO-HNS
A ≤30 >70
B >30 and ≤50 ≥50
C >50 ≥50
D Any level <50
Gardner-Robertson
I 0–30 70–100
II 31–50 50–69
III 51–90 5–49
IV >91 1–4
V Not testable 0
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the device has the potential to increase clarity of the spoken 
word by creating an artificial head shadow effect and lower-
ing the speech reception threshold of the spoken word [24, 
25]. Conversely, if the ambient noise is presented to the deaf-
ened side with a CROS device, there is potential for degrada-
tion of speech intelligibility secondary to enhancement of 
the background noise [25–27].

The second goal of a CROS device is to provide sound 
awareness on the deafened side. Because CROS aids do not 
restore the ITD, ILD, and natural head shadow effect, they 
will not enable the precise localization that is seen with bin-
aural hearing. However, CROS users should have an 
improved ability to tell from which side of the body sound 
originates. In a sample of 21 patients with unilateral hearing 
loss, only 10% could correctly identify which side of their 
body a sound originated from prior to using a CROS aid. 
After 4  weeks of use, that sound awareness improved to 
over 40% [25]. Older CROS aids focused on transmission of 
high-frequency sound (above 1000  Hz) that is associated 
with the head shadow effect. Modern CROS processors can 
transmit the full bandwidth of sound, and this has potential 
for further improvement in sound awareness on the deaf-
ened side but still lacks the ability to precisely localize a 
noise [27].

 Osseointegrated Hearing Implants

The skull’s density enables an alternative method for stimu-
lation of the contralateral ear. Bone conduction has an inter-
aural attenuation of 5  dB or less. Therefore, rather than 
transmitting sound via air like a traditional hearing aid, 
osseoconductive devices vibrate the skull, which carries the 
sound through the densely packed bone and into the inner 
ear. Osseoconductive hearing devices were proposed as early 
as Roman antiquity. In the eighteenth and nineteenth centu-
ries, crude devices made of wood, metal, or glass were con-
structed but ultimately failed due to poor sound attenuation 
through the scalp or discomfort when they were applied to 
teeth [28].

Pioneering work from Brånemark in Sweden around 1965 
revolutionized bone anchored devices. Working with tita-
nium dental implants, his group discovered that osteocytes in 
direct contact with titanium adhere via a process called 
osseointegration. This discovery led to titanium’s wide utili-
zation in dental and craniofacial reconstructions [29, 30]. 
Then in 1977, Brånemark’s partner, Anders Tjellström, rec-
ognized the potential for osseointegrated titanium to conduct 
sound, paving the way for modern osseoconductive device 
systems. Tjellström was the first to place a percutaneous 
abutment attached to a titanium implant in the mastoid bone 
[31]. A modified hearing aid that vibrates rather than pro-
duces sound waves in the air could then be attached to the 

abutment and propagate sound energy via the skull and into 
a healthy cochlea. Tjellström’s initial patients all had chronic 
ear disease that prohibited traditional hearing aid placement. 
After 5 years, the benefit persisted and patient satisfaction 
remained high, which led to an entire field of osseointegrated 
hearing devices [32]. The bone anchored hearing aid 
(BAHA®) device became commercially available in 1987, 
and it was approved for conductive hearing loss by the 
U.S. Food and Drug Administration (FDA) in 1996. The ini-
tial American experience in forty patients with chronic ear 
disease mirrored the positive results reported by Tjellström 
[33]. As of 2010, more than 80,000 osseointegrated devices 
have been implanted worldwide. In 2002, the FDA approved 
the BAHA for the indication of single-sided deafness (SSD), 
and since then Ponto® has also become commercially 
available.

Osseointegrated devices do require surgical implantation. 
The surgical steps have evolved considerably. The titanium 
implant is placed into the mastoid bone approximately 
5.5 cm behind the external auditory canal. Initially, the tita-
nium implant was placed at a separate stage to facilitate 
osseointegration without any load-bearing forces. This tech-
nique is still sometimes used in young children or temporal 
bones that have received radiation, but in general both the 
titanium implant and its percutaneous abutment can be 
implanted in a single procedure [34]. The soft-tissue work 
has also evolved. Initially, no soft tissue reduction was per-
formed, but some patients experienced adverse skin reac-
tions. In an effort to reduce skin reaction, surgeons began 
thinning the subcutaneous tissue around the abutment. The 
original soft tissue reduction technique described by the 
Nijmegen group called for a linear incision, wide soft tissue 
reduction, and then the implant placed in the middle of the 
incision [35, 36]. Additional modifications, such as a semi-
circular skin incision with the implant punched through the 
base of the pedicle (U-graft technique) or use of a derma-
tome, were also suggested [37]. Recently, a minimally inva-
sive Ponto surgery (MIPS) technique has been described that 
forgoes any skin incision and allows placement of the implant 
through a 5-mm hole created with a skin punch [38]. In gen-
eral, the surgical techniques have trended toward a single- 
stage procedure with less need for soft reduction and more 
emphasis placed on proper skin handling with minimal cau-
terization. The osseointegration process takes time, and ini-
tial protocols suggested waiting 3 months to ensure proper 
healing before activation with the vibrating hearing aid. 
Evidence suggests that earlier activation is safe, with most 
centers loading the implant 6–8  weeks after implantation. 
Some data also suggest earlier loading may be feasible [39].

Major surgical complications following implantation of 
an osseointegrated device are rare. Potential injury to the 
dura or a dural venous sinus is mitigated by drilling the osse-
ous well in a stepwise fashion and confirming that healthy 
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bone is present at the depth of the well prior to implant place-
ment. Two cases of intracerebral abscess following implanta-
tion have been reported [40, 41]. Failure of osseointegration 
is a relatively rare event and can be precipitated by trauma, 
infection, prior radiation, or improper technique that results 
in osteocyte death secondary to overheating. The rate of 
implant extrusion is 3–4% [42–44].

Soft tissue adverse events are unfortunately more com-
mon with most reports suggesting a rate between 8.7% and 
13%, but some studies suggest the rate is 30% or higher 
[42, 44]. The skin reactions can be classified according to 
the Holgers grading system (Table 12.2) [45]. The major-
ity of skin reactions are mild (Holgers grade 1 or 2) and 
can be treated with topical steroids or topical antibiotics. 
The presence of granulation tissue (Holgers grade 3) can 
be addressed with silver nitrate cauterization or the addi-
tion of oral antibiotics. More serious infections (Holgers 
grade 4) may require removal of the abutment or resection 
of overgrown skin. The rate of revision surgery is from 7% 
to 12% and is typically due to skin overgrowth (Fig. 12.1) 
[42, 44].

In an effort to limit the adverse events associated with a 
percutaneous implant, two modifications have been intro-

duced. The first variation is a transcutaneous magnet that 
employs the same titanium implant placed during a tradi-
tional osseointegrated implant; but rather than attaching a 
percutaneous abutment, there is a subcutaneous magnet 
attached to the implant. The magnet is then coupled to a 
device that rests on the skin. The device vibrates, and that 
vibration is transmitted to the subcutaneous magnet and then 
to the titanium implant. This type of transcutaneous model 
has the benefit of no abutment protruding through the skin. 
Despite this, the large magnets needed to couple with the 
external vibrating bone conduction hearing aid can still pro-
duce skin related complications [46]. Furthermore, the sound 
energy has to pass through the soft tissue of the scalp (i.e., 
transcutaneous), which causes approximately 10 dB of sound 
attenuation.

The second variation is a direct-drive bone conduction sys-
tem. As of 2020, there are two FDA-approved direct-drive 
bone conduction systems, specifically MED-EL’s  Bonebridge® 
and Cochlear Corporation’s Osia®. Their utility in unilateral 
hearing loss is still being studied but should mirror the previ-
ously described pros/cons [47]. There are some differences in 
how these devices function. For instance, the Bonebridge® 
involves drilling a well in the mastoid cavity to house a float-
ing-mass transducer (FMT). The FMT attaches to the cortical 
mastoid bone via two titanium screws. An external processor 
with two microphones connects to the internal receiver via a 
magnet. Sound received by the external processor is sent to the 
internal receiver, which drives the FMT to vibrate skull [48]. 
This design has the advantage of requiring a smaller magnet, 
and it eliminates soft tissue attenuation. The surgical steps are 
slightly more complex secondary to the larger space needed to 
hold the FMT, and its utilization following lateral skull base 

Table 12.2 Holgers grading system for soft tissue reactions around 
percutaneous osseointegrated devices

Scale Description
0 No irritation
1 Slight redness
2 Red and moist without granulation tissue
3 Red and moist with granulation tissue
4 Removal of skin-penetrating implant necessary due to 

infection

a b c d

Fig. 12.1 Percutaneous osseointegrated device examples. All cases 
depict a right ear. (a) Healthy appearance of a percutaneous abutment 
(Holger Grade 0). (b) Erythema and moisture around the abutment 
indicative of a soft tissue infection (Holger Grade 2). (c) Robust granu-

lation tissue around the abutment (Holger Grade 3). (d) Wound break-
down and granulation tissue following application of silver nitrate 
(Holger Grade 3)

C. C. Wick et al.



161

surgery has not been widely reported. Rather than using a 
FMT, the Cochlear Corporation’s Osia® implant uses a tita-
nium screw identical to the implant used with their BAHA® 
system. Attached to a titanium screw is a piezoelectric driver 
that rests under the skin and drives the bone conduction. Both 
the direct-drive bone conduction system and the transcutane-
ous magnet system should be used with caution if future mag-
netic resonance imaging (MRI) is necessary to monitor 
cerebellopontine angle or intracranial pathology. Both devices 
have a large metallic artifact secondary to the size of the FMT 
and internal magnet [49].

Other nonsurgical forms of osseoconductive hearing aids 
exist but have shown varied commercial success. Bone con-
duction hearing aids, attached with a headband or a soft elas-
tic band, are available. One more innovative device is the 
SoundBite®. This system had a behind-the-ear microphone 
that sent a wireless signal to a transducer that was attached to 
a molar as a dental appliance. The transducer vibrated the 
tooth to take advantage of the tooth’s inherent osseointegra-
tion. Despite early studies showing high patient satisfaction 
and a global hearing benefit, the start-up company that devel-
oped the product filed for bankruptcy in 2015 [50]. Another 
nonsurgical alternative osseoconductive hearing aid is the 
TransEar®. This system also has a behind-the-ear micro-
phone, but it is attached via a wire to a custom-fit ear mold 
that houses an oscillator. The oscillator vibrates the osseous 
external auditory canal, sending a transcranial signal to the 
better hearing ear. The TransEar also has had limited com-
mercial success due to patient discomfort from the oscillator 
and poor hearing results [51].

The potential benefits of an osseointegrated device for 
unilateral hearing loss following vestibular schwannoma sur-
gery are the same as the CROS hearing aid, specifically 
improved hearing in noise and sound awareness on the deaf-
ened side. Like CROS hearing aids, osseointegrated devices 
will not restore sound localization because it does not create 
binaural hearing. An additional benefit of osseointegrated 
devices compared to CROS is the lack of occlusal effect on 
the better hearing ear as well as the lack of needing to wear 
bilateral hearing aids. These benefits must be weighed 
against the need for a surgery and the possible skin-related 
complications [24].

The modest hearing benefits of osseointegrated devices 
for unilateral hearing loss have been documented both sub-
jectively and objectively. In a survey of 139 patients follow-
ing translabyrinthine resection of a vestibular schwannoma, 
patients that chose to be implanted with an osseointegrated 
device had a 17.4% improvement on the Background Noise 
 subscale of the Abbreviated Profile of Hearing Aid Benefit 
(APHAB) questionnaire. Additionally, they reported an 
11.6% improvement on the Ease of Communication subscale 
and a 13.2% improvement on the Reverberation subscale 
[52]. A systematic review analyzing 14 studies with 296 uni-
lateral hearing loss patients demonstrated overall improve-

ment with speech discrimination in noise and improved 
quality of life [53].

When choosing between osseointegrated device and 
CROS, individual interpretation of the previously discussed 
advantages and disadvantages must be considered. Trials of 
the CROS device and a bone conduction hearing aid are rec-
ommended so that patients can make an informed decision 
with appropriate expectations [54]. New techniques of simu-
lating the bone conduction system with real ear measures 
have the potential to improve fitting parameters and patient 
satisfaction [55–57].

From an audiologic standpoint, many studies have tried to 
compare the results of osseointegrated devices and 
CROS. However, these studies are underpowered, lack ran-
domization, and introduce selection bias as all osseointe-
grated device patients chose to undergo surgical intervention 
to address their hearing loss. In 2006, Baguley and col-
leagues performed a meta-analysis on four prospective stud-
ies with 47 patients comparing CROS versus BAHA [58–61]. 
In this analysis, the BAHA significantly outperformed CROS 
on all APHAB subscales (Ease of Communication, 
Reverberation, Background Noise, and Aversiveness of 
Sounds) [62]. Studies that are more recent have failed to rep-
licate the superiority of osseointegrated devices, citing simi-
lar audiometric advantages with both systems [63–65]. In 
general, when patients are presented with all options follow-
ing vestibular schwannoma surgery, only 30–50% will ulti-
mately choose to be implanted with an osseointegrated 
device [52, 54, 63].

The limitations of either an osseointegrated device or a 
CROS are its inability to restore the ITD and ILD, which 
results in poor sound localization and limited ability to 
improve hearing in noise. Individuals with a unilateral hear-
ing loss will function best if they can control their environ-
ment to limit the SNR or place the important sound source 
close to their better hearing ear. An osseointegrated device or 
a CROS may even be detrimental if it amplifies unfavorable 
background noise rather than the speaker of interest. In those 
listening environments, the patient may benefit from tempo-
rary removal of the device to prevent a masking phenomenon 
of the better hearing ear.

 Auditory Brainstem Implants

A small subset of patients will present with bilateral pro-
found sensorineural hearing loss accompanied by damaged 
cochleae or cochlear nerves that prohibit hearing rehabilita-
tion with CROS, BAHA, or cochlear implantation. This clin-
ical scenario most commonly occurs in the setting of 
neurofibromatosis type 2 (NF2) but may also be applicable 
for sporadic vestibular schwannomas in an only hearing ear. 
The auditory brainstem implant (ABI) was developed as a 
means of bypassing the cochlea and cochlear nerve to 
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directly stimulate the auditory pathway at the cochlear 
nucleus.

The first ABI was placed by Drs. William House and 
William Hitselberger in 1979 for a patient with NF2 who lost 
all hearing following vestibular schwannoma removal in her 
only hearing ear [66]. Twenty years after placement, this 
rudimentary paired ball electrode device continued to pro-
vide the patient with improved lip-reading ability and envi-
ronmental sound detection. Since this first case, more than 
1000 ABIs have been implanted worldwide, and many device 
modifications have attempted to improve cochlear nucleus 
stimulation.

In 2000, Cochlear Corporation first received FDA 
approval to implant patients 12  years and older with NF2 
using the Nucleus 24 ABI® device. (MED-EL also makes an 
ABI device, but it is not FDA-approved.) Both manufactur-
ers have adapted their CI software platforms for the electrical 
stimulation required for their ABI products. The latest ver-
sion of Cochlear Corporation’s ABI is the Nucleus ABI54®. 
This device that includes an external component consisting 
of a behind-the-ear microphone, speech processor, and trans-
mitter coil sends a digital signal to a receiver-stimulator 
implanted beneath the scalp. The signal is then transmitted to 
the ABI electrode paddle, which has 21 individual platinum 
disks that contact the cochlear nucleus. The paddle is cov-
ered by a polyethylene terephthalate (PET) mesh that pro-
motes fibrous ingrowth and long-term device fixation along 
the dorsolateral brainstem (Fig. 12.2) [67].

Placement of the ABI targets the cochlear nucleus com-
plex, which lies at the dorsal pontomedullary junction located 
along the lateral recess at the floor of the fourth ventricle. The 
cochlear nucleus is not visible on the surface of the brainstem, 
so its location must be approximated by nearby landmarks. 

Access to this area is usually achieved during vestibular 
schwannoma resection, classically through a translabyrin-
thine approach. The vestibulocochlear nerve, glossopharyn-
geal nerve, and choroid plexus serve as important landmarks 
for ABI placement. In large tumors, the brainstem anatomy 
and vestibulocochlear nerve may be distorted. By tracing the 
glossopharyngeal nerve superiorly to the choroid plexus, the 
lateral aperture of the lateral recess (foramen of Luschka) is 
identified. With gentle posterior and superior retraction of the 
choroid plexus, the lateral recess can be opened to allow 
placement of the ABI paddle in proximity of the cochlear 
nucleus (Fig. 12.3) [68]. During this dissection, it is important 
to be aware of cardiac and cranial nerve monitoring (VII, 
VIII, IX, X, XI) because surgical dissection or stimulation 
can result in bradycardia or hemodynamic instability.

The ABI is placed on the surface of the cochlear nucleus 
complex, which is a structure with several distinct subunits 
that carry different auditory processing functions. The main 
subunits are the dorsal and ventral cochlear nuclei. In brief, 
the ventral cochlear nucleus serves as the primary relay cen-
ter for afferent auditory input and maintains the tonotopic 
organization started in the cochlea—this is the primary ABI 
target. The dorsal cochlear nucleus receives afferent input 
but also efferent input that facilitates complex auditory pro-
cessing. In an attempt to better access the different cochlear 
nucleus subunits, a penetrating auditory brainstem implant 
(PABI) was designed. This design had penetrating micro-
electrodes emanating from the traditional ABI surface pad-
dle. Ultimately, the PABI design failed to improve cochlear 
nucleus stimulation. Results showed no improvement in 
speech perception, with less than 25% of the penetrating 
electrodes producing auditory sensation compared with 60% 
of the surface electrodes [69].

a bTransmitter coil

Microphone

Ground electrode

Electrode array

Receiver-stimulator

c

Fig. 12.2 Cochlear Corporation’s auditory brainstem implant system. 
(a) The behind-the-ear component contains two microphones and a 
speech processor attached to an external transmitter coil. (b) The inter-
nal receiver-stimulator gets the signal from the external transmitter coil 

and sends it down the electrode array. (c) The electrode array ends in a 
paddle containing 21 platinum disk contacts. The back side of the pad-
dle is coated with a PET mesh to prevent future movement
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b ca

Fig. 12.3 Intraoperative photos of a right-sided auditory brainstem 
implant (ABI). The fourth ventricle connects to the cerebellopontine 
cistern via the lateral recess. The lateral aperture of the lateral recess is 
termed the foramen of Luschka (FL). (a) The choroid plexus (ChP) is a 
key landmark for identification of the lateral recess. (b) With the cho-

roid plexus retracted, the opening of the FL becomes apparent. (c) The 
ABI is placed into the lateral recess so that its platinum contacts face 
the dorsolateral surface of the pontomedullary junction. The vestibulo-
cochlear nerve (VIII) and facial nerve (VII) are labeled

Like the PABI, the auditory midbrain implant (AMI) was 
another experimental device hoping to overcome some of the 
challenges associated with cochlear nucleus stimulation. The 
target for the AMI is further rostral along the auditory path-
way at the inferior colliculus. The implant is a penetrating 
electrode array placed in the midbrain. The device continues 
to undergo modifications, but to date it remains an experi-
mental option for NF2 patients [70].

With more than 1000 patients implanted with ABIs, pri-
marily for hearing loss due to NF2, the expected auditory 
outcomes include environmental sound awareness and 
assistance with lip-reading. Only a small subset of patients 
will obtain open-set word understanding. Some factors 
responsible for the outcome variability include tumor 
growth that distorts the brainstem anatomy, ABI electrode 
positioning, imprecise cochlear nucleus stimulation, and 
surgical trauma [71]. A 2014 consensus statement evaluated 
84 NF2 patients with ABIs to identify several factors associ-
ated with improved outcomes. Overall, 26 of 84 (31%) 
patients achieved open-set sentence scores greater than 
30%. The surgical factors thought to portend a good out-
come included the use of a semi-sitting surgical position and 
early cutting of the vestibulocochlear nerve near the brain-
stem to minimize transfer of electrocautery excitotoxicity to 
the cochlear nucleus during tumor dissection. In addition, 
patient factors like duration of preoperative deafness corre-
lated with performance. Among excellent performers, the 
ability to identify eleven distinct pitches predicted a greater 
than 80% open-set speech recognition without background 
noise [72]. Another cohort of 23 NF2 patients with ABI 
showed that 19 (83%) continued to use their device after 
implantation while 8 of 23 (35%) patients achieved speech 
perception and only 4 (17%) patients could use the tele-
phone [71].

In general, ABI placement does not increase the risk of 
complications during vestibular schwannoma surgery. 
Potential complications include cerebrospinal fluid (CSF) 
leak, meningitis, cranial neuropathy, hydrocephalus, stroke, 
and even death while device-specific complications include 
device failure, extrusion, migration, and nonauditory stimu-
lation. In a review of 61 patients undergoing ABI, Otto and 
colleagues identified two patients with CSF leaks (3.3%) and 
one with meningitis (1.6%). Electrode migration occurred in 
one (1.6%) patient and failure to produce useful auditory 
sensation occurred in six (9.8%) patients demonstrating the 
importance of accurate device position. No serious conse-
quences of nonauditory stimulation occurred, but 24% of 
tested electrodes could not be used due to these stimuli. The 
deactivated electrodes generally were located at either the 
proximal or distal end of the electrode paddle; nonauditory 
sensations included tingling, altered vision, and dizziness 
[73]. The risk of CSF leak does require particular diligence 
during closure because the ABI can serve as a wick for CSF 
into the mastoid or soft tissue.

Given the low complication rate and preference to avoid 
additional surgery, many centers use the concept of a 
“sleeper” ABI when planning auditory rehabilitation for NF2 
patients. These situations are unique in that patients have 
bilateral vestibular schwannomas and eventual bilateral 
deafness is expected. Therefore, an ABI can be placed during 
the first tumor removal despite still having useful hearing in 
the contralateral ear. Then, if hearing in the contralateral ear 
is lost or surgical intervention requires sacrifice of that 
cochlear nerve, the previously placed ABI can be activated. 
ABI placement at the time of large tumor removal or with 
brainstem compression can be technically difficult, so the 
“sleeper” approach also creates an extra opportunity for 
accurate ABI placement.
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 Cochlear Implantation

Surgical priorities for vestibular schwannoma microsurgery 
continue to evolve as the operative morbidity declines. Early 
surgical techniques focused on lowering the disconcertingly 
high mortality rate. The next iteration of advances reduced 
major perioperative morbidities such as facial nerve paraly-
sis and CSF leaks. Finally, optimization of hearing preserva-
tion outcomes based on various patient and tumor factors 
yields fairly predictive surgical outcomes. Despite these 
innovations, hearing can be lost even when cochlear nerve 
integrity remains intact, presumably from vascular insult to 
the cochlea or trauma to the cochlear nerve.

In the early 1990s, studies by Cueva and colleagues, 
Kartush and colleagues, and Vrabec colleagues demonstrated 
that, after labyrinthectomy or vestibular schwannoma micro-
surgery, a preserved cochlear nerve could transmit an audi-
tory signal despite complete loss of hearing [74–76]. These 
studies performed transtympanic promontory stimulation to 
identify positive auditory responses as well as distinct audi-
tory pitch perception. Positive responses could be achieved 
at 9  months after initial surgery and were comparable to 
responses achieved by CI candidates. These findings were 
supported by temporal bone studies of patients after labyrin-
thectomy that revealed spiral ganglion cell survival years 
after surgery [77]. If spiral ganglion cells can survive and the 
cochlear nerve integrity is maintained, then the possibility of 
cochlear implantation exists.

As early as 1992, several case reports showed the feasibil-
ity of a staged cochlear implantation after labyrinthectomy 
or removal of a vestibular schwannoma, with an intact 
cochlear nerve [78–82]. These studies confirmed that the 
auditory pathway could transmit an electrical signal despite 
postoperative hearing loss and that cochlear ossification did 
not always occur, thus allowing CI placement. In 1995, 
Arriaga and colleagues reported the first cases of a simulta-
neous CI performed during translabyrinthine vestibular 
schwannoma removal. This patient’s tumor was in his only 
hearing ear [83]. Intraoperative promontory stimulation was 
not performed. At 10 months, the patient was still using the 
CI with enhanced lip-reading ability. Some authors advocate 
simultaneous CI and tumor removal in an effort to minimize 
delays in auditory rehabilitation, reduce the number of surgi-
cal procedures, and avoid potential cochlear obstruction if 
ossification occurs [84].

Recently, several case series have demonstrated that either 
staged or simultaneous cochlear implantation is safe and fea-
sible for hearing rehabilitation as long as the cochlea is pat-
ent and the cochlear nerve is intact. Many patients can 
achieve improved sound awareness and open-set speech, but 
the results are more variable than traditional CI candidates 
[85–87]. A recent prospective study evaluated simultaneous 

cochlear implantation and translabyrinthine tumor resection 
for sporadic vestibular schwannomas. All seven patients had 
preservation of the cochlear nerve and five of seven (71%) 
had auditory precepts with CI activation. In regard to the five 
patients, at 1 month their sound localization improved from 
78° ± 13°, with the CI off to 41° ± 9° with the CI on. This 
improvement in sound localization is a distinct benefit over 
the hearing rehabilitation with CROS or BAHA. Additionally, 
the five patients in this study also demonstrated modest 
improvement in speech understanding and tinnitus reduction 
[88].

If the cochlear nerve is preserved and a CI is placed, 
one potential concern is the sustainability of the benefits, 
particularly in patients with NF2 who are susceptible to 
distorted brainstem anatomy, tumor recurrence, or new 
tumor growth. Neff and colleagues reported on six patients 
with NF2 who had undergone tumor resection with CI 
placement and had long-term follow-up with a mean of 
7.9  years (range: 5–13  years). In all but one patient, the 
benefit from CI was maintained, and five of six (83%) 
patients were still able to use a telephone with their CI 
devices [89]. Although continued long-term follow-up is 
needed, no case reports have been published in which a CI 
had to be removed due to tumor re-growth. Additionally, 
tumor surveillance by MRI is improved by newly expanded 
FDA guidelines, allowing 1.5–3 T strength MRI depend-
ing on the CI device manufacturer. CI magnets do produce 
artifact that may distort surveillance of the cerebellopon-
tine angle. Placement of the internal receiver-stimulator in 
a more superior position and use of reformatted coronal 
and sagittal views can help mitigate this distortion. In a 
retrospective review of 34 ears undergoing a 1.5  T MRI 
scan with a CI in place secured by a firm head wrap, the 
authors found the ipsilateral cerebellopontine angle could 
be visualized without difficulty in 94% of cases. However, 
there was a 15% risk of magnet movement even with the 
use of a head wrap [90]. Clearly, caution must be used in 
device selection when considering postoperative tumor 
surveillance.

In conclusion, management of vestibular schwannomas 
has made great strides in patient safety and decreased mor-
bidity. Still, the loss of hearing is an inevitable fate for many 
patients with a vestibular schwannoma and has a significant 
impact on patients’ quality of life. The most common hear-
ing rehabilitation options, CROS and BAHA, can improve 
sound awareness and speech in noise but fail to restore the 
audiologic benefits of binaural hearing. If the cochlea is 
accessible and the cochlear nerve is intact, then CI has the 
potential to restore binaural function. If no cochlear nerves 
are viable, then an ABI can provide sound detection to 
improve lip-reading abilities and, in rare cases, even open-set 
speech.
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13Acoustic Neuroma Surgery: 
Retrosigmoid Techniques

Justin M. Moore, Robert K. Jackler, and Griffith R. Harsh IV

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 

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

Gradea Description PTA or SRT (dB)b WRS
I Good 0–30 70–100
II Serviceable 31–50 50–69
III Nonserviceable 51–90 5–49
IV Poor >91–max loss 1–4
V None No response No response

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

Classa Description PTA or SRT (dB)b 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
a 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 II 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 
(IT5) 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 IAC 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, TS 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-

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 

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)
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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-

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 

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 

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-

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)

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 
IAC 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 

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 OAEs 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 a review 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–III 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

Study

Number of 
patients 
with 
serviceable 
hearing Approach

Tumor size 
(cm)a

AAO-HNS 
Class A + Bb 
No (%)

Glasscock 
et al. [112]

136 38 MF, 
98 RS

<1.5 37 (27)

Brookes and 
Woo [113]

17 RS <1.0 9 (53)

Arriaga et al. 
[110]

26 RS Mean = 1.66 14 (54)

34 MF Mean = 0.72 24 (71)
Slattery et al. 
[50]

143 MF Mean = 1.2 74 (52)

Irving et al. 
[68]

25 MF IC 11 (44)

20 MF 0.1–1.0 12 (60)
5 MF 1.1–2.0 1 (20)
17 RS IC 2 (12)
12 RS 0.1–1.0 3 (25)
21 RS 1.1–2.0 3 (14)

Satar et al. 
[69]

104 MF IC–0.9 57 (62)

47 MF 1–1.8 15 (33)
Rohit et al. 
[114]

107 59 MF, 
48 RS

<1.5 34 (32)

Arts et al. 
[111]

62 MF 0.3–1.8 45 (73)

Grayeli et al. 
[115]

44 RS/MF <1.5 25 (57)

Quist et al. 
[116]—
immediate

49 MF NR 27 (55)

Quist et al. 
[116]—5-
year 
follow-up

16 MF NR 12 (75)

Sughrue 
[117]

702 RS NR 330 (47)

Yamakami 
et al. [118]

36 RS <1.5 26 (72)

Mazzoni 
et al. [119]

189 RS >3.2 47 (25)

Di Maio et al. 
[120]

28 RS >3.0 6 (21%)

Hilton et al. 
[121]

78 MF NR 51 (65%)

Maw et al. 
[122]

33 RS <3.0 38%

Chee et al. 
[123]

126 RS <2.0 43 (34%)

Lee [124] 59 RS <3.0 11 (19)
Kaylie et al. 
[125]

27 RS <4.0 8 (29)

Ferber-Viart 
[38]

86 RS >4.0 47 (55)

Gormley 
[126]

69 RS <3.9 cm 38%

Post et al. 
[127]

46 RS 0.9–4.0 18 (39%)

Table 13.3 (continued)

Study

Number of 
patients 
with 
serviceable 
hearing Approach

Tumor size 
(cm)a

AAO-HNS 
Class A + Bb 
No (%)

Rowed [128] 26 RS IC 50%
Samii [129] 16 RS IC 56%
Colletti [107] 25 RS 0.4–1.2 57 (%) (A, 

B, C)
Nonaka [130] 170 RS <2.0 82.8%
Sameshima 
[131]

82 RS <1.5 73.2%

Sanna et al. 
[132]

107 RS 54.2%

Hannover 
Classc 
(H1 + H2)

Samii and 
Matthies 
[133]

29 RS T1d 6 (21)

96 RS T2d 25 (26)
249 RS T3d 39 (16)

Gardner–
Robertson 
Grade 
I + II

Cohen et al. 
[134]

128 RS <0.5 32 (37)e

0.6–1.0 32 (34)e

1.1–1.5 38 (24)e

>1.5 26 (11)e

Dornhoffer 
et al. [51]

65 MF <0.5 39 (60)e

11 MF 0.5–1.0 7 (64)e

17 MF 1.0–1.5 8 (47)e

Betchen et al. 
[135]

142 RS 0.4–4.0f 43 (30)e

Rowed and 
Nedzelski 
[128]

26 RS IC 13 (50)g

68 RS 0.4–1.5 20 (29)g

Lin [136] 113 RS <2.0 30 (27), 18 
(16) at 
9.5 years

Goel et al. 
[137]

42 RS >2.5 13 (31)

Fischer et al. 
[138]

22 RS >3.0 to <1.0 12 (55)

IC intracanalicular, MF middle fossa, RS retrosigmoid
Note: Selected studies using the middle fossa approach are included in 
the table for comparison
Modified with permission from Jackler RK and Driscoll CLW [139]
a  Tumor size includes posterior fossa component except when 
indicated
b AAO-HNS classification system
c New Hannover classification system
d T1 = intrameatal; T2 = intrameatal and extrameatal; T3 = filling the 
cerebellopontine angle
e Pure-tone average <50 dB and word recognition >50%
f Size range of tumors with preserved hearing
g 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 IAC 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.
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14Acoustic Neuroma Surgery: Middle 
Fossa Approach

Daniel Q. Sun and Bruce J. Gantz

 Introduction

The middle cranial fossa (MCF) approach was first reported 
in 1904 and then popularized by William House in 1961 for 
the excision of small intracanalicular vestibular schwan-
noma (VS) [1]. In contrast to translabyrinthine and retrosig-
moid approaches, it offers superior exposure of the distal 
internal auditory canal (IAC) and identification of the laby-
rinthine facial nerve that is uninvolved by tumor, without 
sacrificing hearing. It is a technically challenging procedure 
due to the lack of reliable landmarks in the middle fossa and 
that the facial nerve is commonly displaced between the sur-
geon and the tumor, placing it at additional risk for injury. 
However, the advent of facial nerve monitoring and steady 
evolution in technique have rendered it a safe and effective 
procedure that is ideally suited to the microsurgical excision 
of a small VS when hearing preservation is an important 
goal. In discussing hearing outcome, this chapter uses 
American Academy of Otolaryngology—Head and Neck 
Surgery (AAO-HNS) and word recognition score (WRS) 
hearing classification schemes (Fig.  14.1). This chapter 
focuses on the use of the MCF approach in the treatment of 
small VS.  The surgical management of other surgical 
pathologies in the temporal bone or cerebellopontine angle 
(CPA) using an MCF approach or variants thereof, such as 
extended MCF or transpetrosal approaches, is beyond the 
scope of this chapter.

 Surgical Candidacy

At our center, an MCF approach for VS excision is offered to 
patients 65 years of age or younger, with serviceable hearing, 
and whose tumors do not contact the brainstem on magnetic 
resonance (MR) imaging. Intent for hearing preservation is 
the key indication for microsurgical excision of small 
VS.  The likelihood of hearing preservation with surgical 
intervention is balanced against the natural history of intra-
canalicular VS.  An observational longitudinal study in a 
Danish population demonstrated that, after 10  years, 34% 
and 58% of patients retained at least serviceable hearing as 
defined by AAO-HNS (A or B) and WRS classes (I or II), 
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respectively [2]. In addition, while tumor growth occurred in 
only 37% of patients during the observational period, mean 
WRS decreased from 63% at diagnosis to 33% at last follow-
 up even in patients whose tumors did not demonstrate 
growth. Other observational studies have also elicited similar 
findings [3, 4]. Furthermore, the subjective importance of 
residual hearing can vary greatly between patients. For 
instance, localization ability may still be important in some 
individuals despite presenting with nonserviceable hearing 
in the tumor ear. Therefore, it is critical that surgical decision- 
making be customized to each patient.

MCF surgery is not offered to patients older than 65 years 
of age due to the risks associated with temporal lobe retrac-
tion and thinning dura. While the MCF approach was tradi-
tionally described for tumors that are fully contained within 
the IAC, we have had good success in extending this hearing 
preservation approach to tumors that extend into the CPA by 
augmenting the traditional MCF technique with superior 
petrosal sinus ligation and division, and partial division of 
the tentorium cerebelli for additional CPA exposure. 
However, in our experience, hearing preservation via an 
MCF approach is not a realistic goal for tumors that contact 
the brainstem. Although the presence of a cerebrospinal fluid 
(CSF) cap in the lateral IAC has traditionally been used as a 
favorable prognostic indicator for hearing preservation; 
available evidence suggests that it has no impact on hearing, 
and we do not use it as a guide in decision making (Fig. 14.2) 
[5, 6].

 Surgical Technique

 Preoperative Preparation

Preoperative imaging consists of a contrast-enhanced MR 
imaging scan of the brain and skull base. Imaging is helpful to 
localize the position of the superior semicircular canal (SSCC) 
relative to the middle fossa floor; if an MR coronal T2 
sequence is not already available, a Stenvers projection plain 
radiograph of the temporal bone may be obtained. We do not 
routinely use temporal bone CT or image-guided navigation. 
General anesthesia and orotracheal intubation are accom-
plished; thereafter, the bed is rotated 180° for access. Paralytic 
agents must be reversed before the skin incision is made. A 
urinary catheter is placed to monitor fluids and diuresis. Hair 
is shaved approximately 10 cm above and 5 cm behind the ear. 
The entire side of the head and face are prepared, and EMG 
needles are placed in the orbicularis oculi and oris muscles for 
facial nerve monitoring. Standard auditory brainstem-evoked 
recording electrodes are placed in the right and left mastoid 
tips and the vertex and forehead (ground), and insert head-
phones are placed in both external auditory canals. The audi-
tory brainstem response is monitored throughout the 
procedure. A clear drape is placed over the prepared area to 
allow visualization of the entire side of the face in the case of 
monitoring equipment failure. Preoperative medications 
administered include prophylactic antibiotics, dexametha-
sone, and mannitol (0.5 g/kg ideal body weight).

 Surgical Technique

Several soft tissue approaches are available. We use a poste-
riorly based skin flap (Fig. 14.3) and an anteriorly based tem-
poralis muscle flap. A large piece of temporalis fascia is 
harvested and set aside in moist gauze for use at the time of 
closure. The zygomatic root identifies the floor of the MCF 
and is the central landmark of the craniotomy. A roughly 
square craniotomy measuring 4–5  cm on each side is cre-
ated, using an otologic drill or craniotome. It is important to 
keep the anterior and posterior borders parallel for stable 
engagement of the MCF retractor. The bone flap should be 
elevated with care by use of a blunt dural elevator. 
Occasionally, the middle meningeal artery is embedded 
within the bone, requiring bipolar coagulation to free it. The 
bone flap is wrapped in moist gauze and set aside for use at 
closure.

Dural elevation from the floor of the MCF is accom-
plished with a Freer or Joker elevator, always in a posterior- 
to- anterior direction, which prevents injury to the greater 
superficial petrosal nerve and (possible dehiscent) geniculate 
ganglion. The petrous ridge is identified at the posterior mar-

Preserved
AAO-HNS

Class

0

10

20

30

40%
 P

at
ie

n
ts

50

60

70

80

90

100

Preserved
WRS class

“Preserved”

f ≥ 4 mm

1 ≤ f < 4 mm

f < 1 mm

Fundal fluid
cap size (f):

“Serviceable” “Measurable”
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Click 
Generator

Fig. 14.3 Posteriorly based skin flap for MCF craniotomy. Also shown 
are the approximate locations of the zygomatic root (center of craniot-
omy) and frontal branch (dashed line). A click generator in the ear canal 
is used for intraoperative audiologic monitoring. (Copyright: Authors)

Fig. 14.4 Intraoperative surface anatomy of middle fossa floor show-
ing greater superficial petrosal nerve (*) and arcuate eminence (arrow). 
Dura of temporal lobe is retracted using the House-Urban retractor 
engaged at the craniotomy window. (Copyright: Authors)
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SSCC
IAC
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Fig. 14.5 Decompression of internal auditory canal (IAC) is per-
formed using blue-lined superior semicircular canal (SSCC) as a land-
mark, revealing tumor under IAC dura, labyrinthine segment of facial 
nerve (arrow), and Bill’s bar (*). Note the complete decompression of 
the posterior trough, creating a corridor for tumor dissection and deliv-
ery. Co cochlea. (Copyright: Authors)

gin of the craniotomy, and the dura is slowly elevated over 
the arcuate eminence and meatal plane. Occasionally, a supe-
rior canal dehiscence may be present. Dural reflections are 
cauterized and sharply transected to allow elevation to the 
anterior petrous ridge. Broad elevation of the dura around 
both the craniotomy window and the middle fossa floor pre-
vents “bow-stringing” with retraction and thereby reduces 
pressure exerted on the temporal lobe. Frequently, the mid-
dle meningeal artery may need to be divided at the foramen 
spinosum to provide the broad exposure necessary. Cottonoid 
sponges can be placed at the anterior and posterior margins 
of the elevation to help retract the dura during placement of 
the self-retaining MCF retractor (Fig. 14.4).

Bony dissection of the middle fossa begins with locating 
the dome of the SSCC within the temporal bone, using pre-
operative imaging to help gauge its depth below the middle 
fossa floor and its position relative to the arcuate eminence, 
both of which can be highly variable. Bone of the middle 
fossa floor around the arcuate eminence is carefully removed 

until the dense yellowish bone of the otic capsule is identi-
fied; then the dome is thinned further to a “blue line,” which 
is always perpendicular to the petrous ridge. While the rela-
tionship between the labyrinth and middle fossa landmarks 
can be highly variable, the relative location of labyrinthine 
structures to each other is highly conserved. Therefore, accu-
rately locating the SSCC dome provides a crucial “sign post” 
for other structures within the temporal bone, such as the 
cochlea and IAC.

When the location of the superior canal is confirmed, an 
anterior line 60° to the blue line locates the position of the 
IAC. The depth of the IAC varies, but drilling medially near 
the petrous ridge provides the safest method in  locating it, 
which appears pink due to the intracanalicular tumor. The 
IAC is then followed laterally toward the cochlea, SSCC 
ampulla, and labyrinthine facial nerve with identification of 
Bill’s bar (Fig. 14.5). Due to the proximity of the cochlea 
anteriorly and SSCC ampulla posteriorly, only a 90° decom-
pression of the labyrinthine facial nerve can be safely 
achieved.

Successful facial nerve and hearing outcomes are predi-
cated on achieving the best possible decompression of the 
IAC to provide room for tumor dissection. To this end, maxi-
mum decompression of the posterior trough is especially 
important, as it becomes the corridor for tumor dissection 
and delivery. Medially, the posterior trough is decompressed 
to the dura of the CPA. Laterally, the blue line of the SSCC 
is used as a guide for the extent of dissection, and the sur-
geon watches carefully for a blue line on the SSCC ampulla.

After bony dissection is completed, a linear dural opening 
along the length of the IAC is made using a Beaver 59-10 
blade or microscissors to expose the IAC from labyrinthine 
facial nerve to the CPA.  The meatal segment of the facial 
nerve is usually readily identified in the anterior portion of 
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the IAC and displaced superiorly by the tumor (Fig. 14.6). At 
this time, a cochlear nerve action potential (CNAP) electrode 
is placed in the anterior trough between the dura and bone for 
direct monitoring of CN VIII. Tumor microdissection starts 
with carefully establishing a dissection plane between the 
facial nerve and tumor. The superior vestibular nerve is then 
divided laterally. Using small cup forceps, the tumor is sys-
tematically debulked from the posterior trough, which 
reduces traction on neural structures during tumor manipula-
tion. All dissection proceeds from medial to lateral to avoid 
traction on the labyrinthine segment of the facial nerve and 
the modiolus for the cochlear nerve. The inferior vestibular 
nerve, once visualized, is also disconnected at its lateral 
extent. As tumor dissection proceeds laterally, the fundus is 
obscured by the transverse crest and labyrinthine facial 
nerve. A sinus tympani excavator can be used to gently 
sweep and deliver tumor from this recess. The cochlear nerve 
can often be visualized in the lateral IAC (Fig. 14.7).

To visualize the medial extent of tumors that extend into 
the CPA, the dural opening may need to be extended medi-
ally. If the view is still not adequate, the superior petrosal 
sinus may be divided by first ligating, with hemoclips placed 
at points anterior and posterior to the IAC, and then dividing 
sharply using microscissors (Fig. 14.8). Further division of 
the tentorium cerebelli may require linear dural incisions 
over the temporal lobe to expose the free edge of the tento-
rium. Although complete division of the tentorium requires 
careful visualization of cranial nerve IV in the incisura medi-
ally (Fig.  14.9), doing so is seldom required for VS 
excision.

During tumor dissection, close communication between 
the monitoring audiologist and surgeon is critical. At our 
center, CNAP N1 amplitude is tracked during tumor dissec-
tion, and any amplitude attenuation is immediately commu-
nicated to the surgeon, who may then reduce any traction on 
the tumor or change the area of microdissection, for instance. 
If CNAP monitoring is not available, far-field auditory brain-
stem response (ABR) may be used instead, although its lon-
ger sweep times may not provide real-time feedback of 
cochlear nerve physiology to the surgeon.

After tumor extirpation, reconstruction can be achieved 
using only autologous materials. A piece of temporalis mus-
cle or abdominal fat may be harvested to plug the 
IAC.  Exposed air cells in the temporal bone are carefully 
waxed. The previously harvested fascia is then laid over the 
middle fossa floor. Dura is then carefully inspected for leaks 
and hemostasis verified. The craniotomy and soft tissue are 
then closed in standard fashion. A mastoid-type dressing is 
applied and no drains are used.

 Postoperative Care

Postoperative care includes observation in the intensive care 
unit overnight, dexamethasone (6  mg every 6  h for 36  h), 

Co

SSCC

FN T

Fig. 14.6 After internal auditory canal (IAC) dura is opened, tumor (T) 
is seen filling the IAC and displacing the facial nerve (FN) superiorly. 
Co cochlea, SSCC superior semicircular canal, arrow  =  labyrinthine 
segment of FN. (Copyright: Authors)

a b

Co

SSCC  
SSCCCo  

Fig. 14.7 Distal internal auditory canal (IAC) microanatomy is illus-
trated. (a) After division of the superior vestibular nerve, tumor (T) 
originating from the inferior vestibular nerve is reflected medially, 
revealing cochlear nerve (arrow). Facial nerve (*) is seen anterior to 

tumor. (b) Facial and cochlear nerves are seen in IAC after tumor 
removal. Co cochlea, SSCC superior semicircular canal. (Copyright: 
Authors)
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Fig. 14.8 For larger tumors, superior petrosal sinus (SPS) ligation and 
division may be performed to achieve adequate exposure of the tumor 
and allow safe microdissection. After the extirpation of tumor from the 
lateral internal auditory canal, SPS is ligated (a) using hemoclips and 

(b) then divided. Following SPS division, the medial extent of tumor is 
visualized, including its relationship to the cisternal segment of facial 
nerve. Also pictured is the cochlear nerve action potential electrode 
placed in the anterior trough. (Copyright: Authors)

Fig. 14.9 In addition to ligation and division of the superior petrosal 
sinus, tentorium cerebelli (*) may be divided sharply using microscis-
sors from lateral to medial to provide further exposure of the posterior 
fossa. However, it is important to identify cranial nerve IV (arrow) in 
the incisura to avoid injury. (Copyright: Authors)

cefazolin (1 g every 8 h for 36 h), routine neural checks, and 
limitation of analgesia to codeine. There is typically little 
postoperative pain, and narcotics stronger than codeine may 
mask intracranial complications. The patient is transferred to 
a routine postoperative floor the next morning, encouraged to 
begin ambulation, and started on a diet as tolerated. Although 
acute vestibulopathy generally subsides within the first sev-
eral days after surgery, it may take several weeks for patients 
to resume their previous activities. Vestibular physical ther-

apy can be helpful for patients whose vestibular compensa-
tion may be inadequate. If CSF rhinorrhea occurs, a spinal 
drain must be placed for 4–5 days. Following this regimen, 
only very rarely has a patient required surgical closure of the 
leak.

 Complications and Outcomes

Major complications such as stroke, epidural hematoma, sei-
zure, and meningitis are extremely rare in all reported series 
to date [7, 8]. Rarely, transient aphasia has been observed 
within the immediate postoperative period, likely associated 
with temporal lobe retraction of the dominant hemisphere. 
No permanent deficits have occurred in our experience. CSF 
leak occurs in 2–7% of patients, depending on the series [7, 
9]. Tumor recurrence is extremely rare (<1%) and is related 
to the extent of resection [7]. While gross total resection is 
usually possible for small VS, near- or subtotal resections are 
sometimes performed to maximize facial nerve and hearing 
outcome, especially in instances where the tumor is found to 
be very adherent to adjacent structures. In the modern era, 
facial nerve outcomes have been similarly favorable, with 
House–Brackmann score 1 or 2 achieved in >95% of patients 
at 1 year [7, 10, 11].

Due to its ability to provide superior access to the lateral 
IAC, the MCF approach has become the preferred modality 
for microsurgical excision of intracanalicular VS, where 
hearing preservation is a key goal. In a series of 162 patients 
treated with MCF for VS excision [7], postoperative WRS 
class I or II hearing was maintained in 78% of patients when 
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Fig. 14.10 Mean change in postoperative (a) pure tone average (PTA) 
and (b) word recognition score (WRS) associated with changes in sig-
nal characteristic on auditory brainstem response differential modalities 
of intraoperative audiologic monitoring in a group of 126 patients who 
underwent middle cranial fossa excision for vestibular schwannoma. 
Far-field auditory brainstem response (ABR) and near-field cochlear 
nerve action potential (CNAP) performed at conclusion of tumor dis-
section and prior to closure were used for analysis. For far-field ABR, 

presence or absence of wave V amplitude was assessed; for CNAP elec-
trodes (Cueva or Iowa), N1 amplitude was assessed as stable (same as 
baseline), decreased, or absent. Changes in PTA and WRS are normal-
ized to the total amount of hearing in the affected ear prior to surgery; 
0% and 100% represent preservation and loss of all residual hearing, 
respectively. Error bars: 95% confidence interval. Intragroup differ-
ences analyzed using ANOVA with post-hoc Tukey test. (Copyright: 
Otology & Neurotology)

tumor size was <1 cm. For those presenting with class I hear-
ing, 70% were able to maintain class I hearing postopera-
tively. However, the success rate declines significantly when 
tumor size is larger than 1 cm, where only 42% of patients 
maintained class I or II hearing postoperatively. These out-
comes have been consistently replicated in other studies [11, 
12]. Regardless of tumor size, one of the most important fac-
tors in achieving good hearing outcome is the degree of 
adherence between the tumor and adjacent structures in the 
IAC, which is likely a reflection of the biological behavior of 
the tumor. As other authors have observed [13], hearing pres-
ervation can be successfully achieved in larger tumors that 
are not highly adherent, whereas it can be difficult if not 
impossible in highly adherent small tumors. Multiple studies 
have also demonstrated that preserved hearing after MCF 
surgery remains durable over time, with some studies report-
ing follow-up for as long as 10 years [14–16].

At our center, intraoperative audiologic monitoring plays 
an important role during MCF excision. Both far-field ABR 
and near-field CNAP play complementary roles before, dur-
ing, and after tumor excision. A recent study demonstrated 
that wave V and N1 amplitude changes on ABR and CNAP 
[17], respectively, immediately after tumor extirpation are 
associated with postoperative changes in pure tone thresh-
olds and WRS (Fig.  14.10). Using amplitude changes on 
both ABR and CNAP provided the best prognostic value for 
detecting postoperative hearing decline, with sensitivity and 
specificity of 83% and 100%, respectively.

 Conclusion

The MCF approach is an important tool in the surgical man-
agement of small VS.  It has evolved over the previous 
decades to be a safe and effective treatment option that can 
offer excellent facial nerve and hearing outcome in appropri-
ate patients. While it is most commonly used for tumors con-
fined to the IAC, those with moderate extension into the CPA 
can be successfully accessed via augmented techniques such 
as superior petrosal sinus ligation and division.
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15Complications and Cranial Nerve 
Rehabilitation

Daniel Jethanamest and J. Thomas Roland Jr.

Advances in microsurgical techniques have reduced the mor-
bidity and mortality in surgery of the cerebellopontine angle 
(CPA) significantly. Nevertheless, surgical complications 
involving the intricate neurovascular structures or multiple 
cranial nerves of the skull base can occur. Surgeons can min-
imize complications with thorough knowledge of the rele-
vant skull-base anatomy and its relationship to the targeted 
pathologic lesion, collaboration between members of a skull- 
base team, careful review of preoperative imaging, the use of 
intraoperative monitoring techniques, and well executed sur-
gical techniques. Mortality for lesions of the CPA such as 
vestibular schwannoma (VS) in contemporary series is now 
very rare, well less than 1%, even for very large tumors [1–
3]. This has shifted the focus of further complication preven-
tion to other morbidities such as cerebrospinal fluid (CSF) 
leaks and the preservation and rehabilitation of cranial nerve 
dysfunction.

The management of complications begins with careful 
observation and recognition of common pitfalls in surgery 
and during the postoperative course. Anticipation of poten-
tial complications and prompt diagnosis can often limit the 
magnitude morbidities and allow for faster recovery. 
Different pathologic entities of the CPA and each surgical 
approach can be associated with particular complications. In 
a retrospective analysis of a large multi-institutional quality 
improvement database, overall complication rates of VS 
resection did not differ among transtemporal, retrosigmoid, 
or middle cranial fossa approaches [4]. While complications 
can be difficult for both the patient and the surgeon, continu-

ing attentive care is important and may help avoid com-
pounding an existing problem or missing secondary 
complications.

 Cerebrospinal Fluid Leak and Meningitis

One of the most frequent complications of CPA surgery is 
postoperative CSF leak, which may manifest through differ-
ent routes including through the primary wound, as otorrhea 
or as rhinorrhea. In a retrospective review of 300 surgical 
cases (100 of each surgical approach: translabyrinthine, mid-
dle fossa, and retrosigmoid), a leak rate of 10–13% was 
found, and neither approach nor tumor size was a factor in 
the rate of postoperative CSF leak nor the need for revision 
surgery [5]. A meta-analysis of 5964 cases similarly found 
no differences between surgical approaches, with rates of 
9.5–10.6% reported [6]. A number of different surgical tech-
niques have been suggested to help reduce the incidence of 
CSF leak after CPA surgery. Proposed techniques have all 
reported good outcomes, though preferences and surgical 
details vary significantly in different authors’ hands—for 
example, in the degree of middle ear and eustachian tube 
manipulation, use of titanium mesh/hydroxyapatite cement, 
and obliteration in translabyrinthine approaches [7–10]. 
Abdominal fat grafting is a commonly used method that has 
reduced the rate of CSF leak in these surgical techniques, 
and care should be taken to meticulously close and monitor 
the donor site for rare but potential wound site morbidities, 
such as subcutaneous hematoma, which has been reported in 
approximately 3% of cases [2, 10, 11].

The management of a postoperative CSF leak often uti-
lizes a graduated approach from conservative measures to 
surgical interventions [12]. Conservative measures may 
include bed rest, head of bed elevation, acetazolamide, 
wound oversewing, and pressure dressings. CSF diversion, 
such as with a lumbar drain, is an additional technique at 
times employed before pursuing surgical options that may 
include wound re-exploration, subtotal petrosectomy, or 
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other transnasal approaches to eustachian tube closure [13, 
14]. Infrequently, lumbar drain diversion in the setting of an 
active CSF leak can result in increasing pneumocephalus, an 
example of which is shown in a case in Fig.  15.1, which 
resolved after subtotal petrosectomy and plugging of the 
eustachian tube.

Meningitis can be a serious and threatening complication 
of skull-base surgery. Although uncommon overall, the inci-
dence of meningitis seen in a systematic review assessing 
postoperative CSF leaks noted a significantly higher risk of 
meningitis in the presence of a leak, occurring in 14% of 
these cases [6]. Allen and colleagues reported on 508 lateral 
skull-base procedures, identifying meningitis in 3.1% with a 
median time from surgery to onset of 12 days and a much 
higher risk of meningitis in the presence of a CSF leak by a 
factor of 10.2 [15]. Higher rates of meningitis have been 
reported, including a 9.2% incidence seen in a series of 500 
cases [16].

Many cases of meningitis postoperatively are likely 
chemical meningitis with symptoms of headache or fever but 
negative CSF Gram stain and cultures. In a study of 1146 
patients investigating the differences between bacterial and 
chemical meningitis, an overall incidence of meningitis in 
4.54% of cases was found [17]. Culture-proven bacterial 
meningitis was seen in 0.87% and, when combined with 
strongly suspected bacterial cases, had a total incidence of 
1.92%, with the remaining 2.6% of cases suspected to be 
chemical. The bacterial meningitis cases had significantly 

higher CSF and serum white blood cell counts and lower 
CSF glucose. For CPA pathologies, notably epidermoid cysts 
of the skull base, cyst rupture and exposure of proteinaceous 
contents to the subarachnoid space may be particularly likely 
to trigger recurrent episodes of aseptic meningitis [18]. Care 
should be taken intraoperatively to avoid contamination of 
the CSF with byproducts such as bone dust from any drilling 
during skull-base approaches.

 Vascular Complications

A vascular injury or complication after skull-base surgery is 
a dreaded and potentially devastating outcome. Microsurgery 
in the CPA involves careful dissection of and around critical 
structures, including segments of the carotid artery, vertebro-
basilar system, venous sinuses, jugular bulb, brainstem per-
forators, and other critical structures. Intraoperative bleeding 
from vessels or the venous dural sinuses can be controlled 
with gentle pressure using thrombin-soaked gelatin or other 
absorbable hemostatic agents external to the vessel, with the 
goal of controlling bleeding while avoiding vessel occlusion 
or complete thrombosis.

A postoperative hematoma within the CPA can occur in 
the early recovery period and can vary greatly from a minor 
collection to a rapidly evolving and compressive hemor-
rhage. Larger or threatening hematomas may require imme-
diate surgical evacuation with a thorough inspection of the 

a b

Fig. 15.1 (a) Axial and (b) coronal computed tomography images 
after left translabyrinthine approach to resection of a large left-sided 
vestibular schwannoma, showing worsening pneumocephalus after 
lumbar cerebrospinal fluid (CSF) diversion for postoperative CSF rhi-

norrhea. The patient underwent left subtotal petrosectomy with oblit-
eration of the middle ear and plugging of the eustachian tube with 
resolution of the CSF leak and pneumocephalus
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surgical field to identify a source of hemorrhage (Fig. 15.2). 
Postoperative hemorrhage or hematoma formation is rare, 
having been reported in approximately 1–3% of cases post-
operatively [2, 16, 19].

Portions of the vertebrobasilar arterial system, brainstem 
perforators, and the anterior inferior cerebellar artery (AICA) 
in particular are often encountered in surgery of the CPA. The 
close relationship between branches of the AICA and the 
seventh and eighth cranial nerves make it a vulnerable struc-
ture for many pathologies of the CPA or in some rare cases 
of an aneurysm of AICA [20]. The labyrinthine or internal 
auditory artery can be injured, or potentially acute vaso-
spasm may be initiated from surgery, leading to auditory and 
vestibular symptoms of hearing loss, tinnitus, and vertigo. 
Occlusion or injury to the AICA can also clinically manifest 
with other severe neurologic sequelae, including dysarthria, 
ipsilateral facial palsy, facial sensory loss, Horner’s syn-
drome, dysmetria, contralateral loss of sensation, ipsilateral 
conjugate lateral gaze palsy, dysphagia, and ipsilateral motor 
weakness.

The dural venous sinuses and bridging veins are at risk 
during lateral skull-base surgery, particularly in combined 
middle and posterior fossa transpetrosal approaches [21]. 
The anastomotic vein of Labbé can have variable anatomy 
but bridges the lateral cortical temporal lobe to the transverse 
sinus and can potentially be the sole route of venous drainage 
for a large region of the temporal and parietal lobes. Vein of 
Labbé or other lateral temporal skull-base bridging vein inju-
ries can cause severe neurologic consequences due to tempo-

ral lobe ischemia, edema, or infarction, including nausea, 
vomiting, aphasia, and hemiparesis [22]. Preoperative plan-
ning and careful division of the superior petrosal sinus and 
tentorium a distance from the variable venous bridging anas-
tomoses near the transverse sinus can help to avoid injuries 
and complications. If the vein is severed intraoperatively, it 
can be reconstructed or revascularized, such as with a saphe-
nous vein graft [23].

 Venous Sinus Thrombosis

Lateral skull-base approaches to the CPA involve careful sur-
gical preservation and meticulous handling of the dural 
venous sinuses. Thrombosis of these venous sinuses result-
ing in morbidity or mortality is an uncommon but important 
complication for which to monitor carefully in the postop-
erative setting (Fig. 15.3). Occluding thromboses can cause 
slowly progressive symptoms of increased intracranial pres-
sure, headaches, papilledema, visual disturbance, venous 
infarction, intracranial hemorrhage, seizures, or other focal 
neurologic deficits. In extremely rare cases, involvement of 
the superior sagittal sinus can lead to mortality [24].

Retrospective reviews of postoperative sinus thrombosis 
have reported an incidence ranging from 4.6% to 11.6%, pre-
senting as early as the day of surgery to 40 days postopera-
tively [25–27]. Ohata and colleagues also noted that two 
cases of thrombosis were only noted on follow-up imaging 
5.4 and 6.4 years postoperatively. Retrospective studies tend 
to report cases found due to clinical symptoms or intraopera-
tive findings, likely underreporting the true incidence as 
many cases of smaller or partial thromboses may remain 
asymptomatic. In a prospective study with planned preopera-
tive and postoperative magnetic resonance venography 
(MRV) in a series of lateral skull-base cases, 31.9% of 
patients showed some radiographic signs of at least a partial 
filling defect, though all of these patients were asymptomatic 
and none required anticoagulation [28].

Treatment strategies for diagnosed postoperative throm-
boses vary greatly and are often tailored to the case based 
upon surgical findings and patient symptoms. Conservative 
measures including observation, hydration, corticosteroids, 
and acetazolamide have been used. A much larger body of 
evidence exists for spontaneous or trauma-induced dural 
venous thrombosis for which anticoagulation is recom-
mended [29, 30]. However, in the setting of recent intracra-
nial CPA surgery, treatment of dural sinus thrombosis with 
systemic anticoagulation is weighed against the risks of post-
operative intracranial hemorrhage. In some cases with symp-
tom deterioration, other management options available 
include endovascular therapies, such as thrombolysis or 
mechanical venous thrombectomy, and CSF diversion, such 
as a ventriculoperitoneal shunt [31].

Fig. 15.2 Axial computed tomography image shows a post right-sided 
cerebellopontine hematoma, in this case requiring surgical evacuation 
without residual symptoms

15 Complications and Cranial Nerve Rehabilitation



200
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Fig. 15.3 (a) Magnetic resonance venography (MRV) after the resec-
tion of a right-sided vestibular schwannoma reveals a filling defect 
extending from a portion of the superior sagittal sinus into the right 

transverse sinus, sigmoid sinus, and jugular vein. (b) A follow-up MRV 
1  year later revealed normal flow throughout the dural venous sinus 
system

 Cranial Nerve Dysfunction

Microsurgical approaches to tumors within the CPA strive to 
provide complete removal of lesions while preserving the 
multiple cranial nerves that may be locally involved. These 
nerves may be already affected by the skull-base tumors pre-
operatively or altered by intraoperative dissection. Hearing 
loss is a very common presenting symptom of CPA lesions 
and, when feasible, hearing preservation approaches to save 
residual hearing and the cochlear nerve are undertaken. 
Other chapters of this text address hearing preservation and 
rehabilitation options after lateral skull-base surgery. A 
review of other potential cranial nerve neuropathies follows.

 Vestibular Dysfunction

The vestibular nerves are commonly involved, depending 
on the nature of the pathologic lesion. In VS surgery, typi-
cally already dysfunctional vestibular nerves are sectioned 
resulting in complete loss of any residual ipsilateral ves-
tibular function. In these cases, improvement in balance 
and dizziness may require adaptation and vestibular com-
pensation over a significant period of time. Although hear-
ing loss and facial nerve function are deservedly critical 
considerations in CPA surgery, in VS patients, ongoing diz-
ziness was associated with the greatest reduction in quality-
of-life measures [32].

In a study of 48 patients operated on for VS and assessed 
with vestibular testing and the Dizziness Handicap Inventory, 

71% of patients had no change or reported improved equilib-
rium postoperatively [33]. Preoperative serviceable hearing, 
cystic transformation, normal cervical vestibular evoked 
myogenic potentials (cVEMPs), diplopia, or other vestibular 
syndromes were predictive of having worse equilibrium 
postoperatively, while having preoperative vestibulopathy 
(caloric weakness >75%) was a good prognostic factor. 
Similarly, in another study of 81 patients who had undergone 
surgery for VS, abnormal preoperative vestibular testing 
measures—such as caloric weakness, abnormal positional 
nystagmus, and abnormal vestibulo-ocular reflex (VOR) 
asymmetry on rotary chair testing—correlated with lower 
postoperative disability [34]. Patients with preoperative dys-
function may have already completed some degree of com-
pensation compared to patients with normal function who 
suffer an abrupt change and complete loss of ipsilateral ves-
tibular function in the acute postoperative period. In a review 
of 210 patients operated on for VS via a retrosigmoid 
approach, 31% were noted to have dysequilibrium lasting 
greater than 3 months postoperatively, based upon a retro-
spective chart review of documentation for recorded symp-
toms [35]. In a follow-up study by the same group, completed 
by surveying the patients, 65% reported some degree of per-
sistent dysequilibrium postoperatively [36].

Vestibular rehabilitation is considered beneficial to reduce 
the duration of symptoms and for overall equilibrium after 
CPA surgeries that may disturb balance. However, existing 
reports may not always show the benefit, with noted limita-
tions in selection bias as typically patients with greater strug-
gles with equilibrium are prescribed or choose to pursue 
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vestibular rehabilitation programs while those with no 
 symptoms do not [33]. The use of brief periods of vestibular 
exercises even in the very early stages of recovery after CPA 
surgery may be beneficial to postoperative patients [37]. The 
use of simple VOR exercises and education has also been stud-
ied and shown to help improve the rate of compensation in the 
absence of a formal physical therapy program [38]. Patients 
receiving therapy have reported a longer time period to ambu-
late independently, though this may be due to accentuated 
symptoms in the acute period due to exercises, and 89% of 
patients reported they felt the exercises to be helpful in regain-
ing their balance [34]. In a prospective randomized controlled 
trial comparing general instructions to a customized vestibular 
rehabilitation protocol for 12  weeks, younger patients 
<50 years improved significantly with either intervention, but 
patients over the age of 50 years receiving customized vestibu-
lar rehabilitation showed improved balance test results com-
pared with those only given general instructions [39].

 Facial Nerve

Preservation of facial nerve function is a critical goal in lat-
eral skull-base surgery as facial nerve paresis can be a dis-
figuring and difficult complication. The facial nerve is most 
commonly injured at the porous region, and careful avoid-
ance of trauma caused by suction on the nerve is important 
[40]. Microsurgery for vestibular schwannoma has a varied 
rate of reported facial nerve preservation. In a series of 162 
consecutive patients with small tumors undergoing excision 
through a middle cranial fossa approach, House–Brackmann 
(HB) grade I or II was achieved in 97% of cases [41]. In a 
retrospective review of 410 cases operated on with a variety 
of approaches, good facial nerve function (HB I or II) was 
found in 86% of patients immediately postoperatively, and 
58.9% of those with initially poor function would go on to 
improve during follow-up [42]. In 1052 patients with ana-
tomically preserved facial nerves and total tumor removal, 
65% maintained HB grade I or II, with another 29.4% with 
HB grade III [43]. In a prospective cohort including tumors 
of all sizes, 73% of patients had good facial function at post-
operative day 180 [44]. Even for large vestibular schwan-
nomas undergoing surgical resection, good facial nerve 
function has been reported in up to 88% of patients [45, 46]. 
In a systematic review of the literature that included an anal-
ysis of 11,873 patients, facial nerve preservation (HB I or II) 
was found in 78–85%, varying by approach. Although rare, 
in some complex skull-base lesions with significant vascu-
larity, preoperative angiogram, and embolization help 
reduce blood loss and facilitate surgical resection but carry 
a small risk of cranial nerve dysfunction, including facial 
palsy [47, 48].

 Delayed Facial Paralysis

In a subset of patients in whom the facial nerve is anatomi-
cally preserved and who awaken with good facial nerve 
function, delayed onset palsy may occur. A wide range of 
rates of delayed palsy has been reported, with varying defini-
tions regarding the initial postoperative facial function and 
timing of worsening. A bimodal distribution of cases of 
delayed onset has been reported—those within the first 
2  days and another group a week or more later [49]. In a 
series of 129 patients undergoing VS resection, a 29% inci-
dence of delayed facial nerve dysfunction was found and pri-
marily occurred within the first few postoperative days [50]. 
In this series, neurophysiologic stimulation parameters did 
not differ between patients with delayed palsy and those 
without. Those with delayed palsies had an excellent progno-
sis, with 89% recovering to HB grade I or II by 1  year. 
Similarly, a large series of 255 consecutive patients was eval-
uated to identify a 24.3% rate of delayed facial paresis occur-
ring at an average of 3.65 postoperative days [51]. The vast 
majority (90%) ultimately recovered to their initial postop-
erative HB grade. In a review of 314 consecutive patients, 
excluding cases of early onset weakness (within 48 h) and 
counting only delayed facial weakness >72  h postopera-
tively, a 4.8% rate of delayed facial palsy was found [52]. 
These patients also had excellent recovery over time, with 
93% recovering to HB grade I or II by 1 year. In a review of 
489 patients that focused on facial deterioration of at least 
two HB grades from postoperative days 5 to 30, 16% of 
cases experienced a delayed weakness.

Viral reactivation is a proposed mechanism for the delayed 
palsies. In a prospective study of 20 patients undergoing ves-
tibular schwannoma surgery, seven patients developed post-
operative delayed facial weakness. Serum IgM titers of 
herpes simplex 1, herpes simplex 2, and varicella zoster virus 
were found to be significantly more elevated postoperatively 
in those with delayed palsies than those without, and IgG 
titers did not differ significantly [53]. However in another 
small series in which three patients had serology, IgG had a 
significant increase without IgM changes [54]. Perioperative 
administration of famciclovir has been suggested to reduce 
the risk of delayed facial palsy. Patients undergoing VS sur-
gery who received famciclovir showed potential benefit 
compared to a historical group without pretreatment [55].

 Facial Paralysis and Eye Complications

In cases of facial nerve weakness or paralysis, ocular compli-
cations can arise due to weakened musculature as well as 
potential lacrimal dysfunction from nervus intermedius dys-
function. Lagophthalmos causes poor distribution of tears that 
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may lead to exposure keratitis and corneal injury. In some 
cases of larger CPA lesions, trigeminal nerve dysfunction with 
resultant corneal hypoesthesia can further contribute to eye 
complications. In one review, up to 44% of patients undergo-
ing VS surgery required some form of ophthalmologic proce-
dure postoperatively, though in that series a high rate, 70%, of 
cases had facial palsy [56]. Patients with trigeminal involve-
ment and corneal hypoesthesia are at highest risk to develop 
corneal pathology [56, 57]. A more contemporary review of 
174 patients undergoing VS resection reported a much lower 
incidence of the need for ophthalmologic referral (7.6%) and 
only 5.3% of patients requiring an ophthalmic procedure [58]. 
Treatment for the eye most commonly includes an upper eye-
lid loading procedure to address lagophthalmos and poten-
tially a lower eyelid tightening procedure.

Contemporary care of facial nerve paralysis after skull- 
base surgery has incorporated a wide range of advancements 
in techniques: free muscle transfer, masseteric to facial nerve 
transfer or as a source of innervation for microvascular free 
flaps, cross-face grafting, static procedures, and botulinum 
toxin injections [59–61]. Advanced techniques in microsur-
gical excision of lateral skull-base tumors have led to 
improved facial nerve results. However, in the cases of com-
plete facial paralysis postoperatively, even in the setting of 
an anatomically preserved facial nerve, early assessment of 
recovery and consideration of intervention by 6 months may 
be considered [62]. Facial nerve reanimation is discussed in 
greater detail in another chapter of this text.

For patients with facial paralysis and a challenging path to 
recovery, facial nerve rehabilitation therapy in addition to 
medical and surgical treatment is often utilized. Physical 
therapy can be applied in various forms including mime ther-
apy, neuromuscular retraining, massage therapy, and mirror 
feedback for coordination of exercises. These approaches 
have been utilized to promote function and inhibit or control 
synkinesis [63, 64]. Specialized therapy can be a useful 
adjunctive therapy in cases of postoperative facial paralysis 
and improves patients’ quality of life [65, 66].

 Lower Cranial Nerves

Extensive lesions of the CPA, such as those involving the 
jugular foramen, can place the lower cranial nerves at risk 
during surgery. Pathologies such as meningiomas of the CPA 
or jugular foramen and other tumors of the jugular foramen, 
such as paragangliomas or schwannomas of the cranial 
nerves themselves, may present preoperatively with neural 
dysfunction and may be challenging or, at times, impossible 
to excise without changes to lower cranial nerve function 
(Fig. 15.4).

A high vagal lesion impairs the larynx and pharynx both 
by the loss of motor function and a loss of sensory innerva-
tion. This combination leads to ipsilateral vocal fold paraly-
sis and associated dysphonia as well as dysphagia and a high 
risk of aspiration. Voice and swallowing dysfunction in the 

a b

Fig. 15.4 T1 postcontrast magnetic resonance images in the (a) axial 
and (b) coronal planes of a patient with neurofibromatosis type 2, with 
multiple cranial nerve schwannomas, hearing loss, left vocal fold paral-

ysis, and hypoglossal nerve paralysis due to collision tumors involving 
the left vestibular nerve and lower cranial nerves
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immediate postoperative period likely varies based upon par-
ticular CPA tumor characteristics and extension but was 
found in 10% of one series of CPA surgeries [67]. CPA tumor 
size was found to be an independent risk factor for postop-
erative vagal palsy. In a series of 50 patients with giant VS, 
10% of patients had lower cranial nerve dysfunction preop-
eratively and 6% developed new dysfunction postopera-
tively, though most recovered over time [1]. Although the 
severity of symptoms for a vagal lesion can vary greatly, it 
appears the timing of onset plays a role. Sudden onset high 
vagal paralysis, such as that induced as a result of skull-base 
surgery, is associated with a higher rate of tube feeding in 
comparison to a more gradual onset of paralysis, such as 
from progressive tumor effect [68]. Patients with normal 
function preoperatively and sudden loss of vagal function 
postoperatively have no time to adapt or modify their swal-
lowing behavior, leading to abrupt dysphagia and the poten-
tial need for an alternative route of feeding or other 
interventions. Palsies induced slowly by tumor growth pro-
vide a longer period for compensation and swallowing modi-
fication. Surgical resection affecting additional combinations 
of the lower cranial nerves, including the glossopharyngeal 
and hypoglossal nerves, or other neurologic changes, such as 
in cognitive status, may further impair the patient’s ability to 
compensate.

Laryngeal procedures to help address dysphonia and dys-
phagia include laryngeal framework surgery, such as medi-
alization thyroplasty, or vocal fold injection using a variety 
of materials. In a review of 35 patients with high vagal 
lesions due to a variety of causes in addition to skull-base 
surgery, 14 patients had tracheotomies before any laryngeal 
interventions, but 11 of these 14 patients were able to be 
decannulated after laryngeal framework surgery [69]. The 
procedures included medialization thyroplasty with or with-
out arytenoid adduction or cricopharyngeal myotomies. 
Most of those patients (94%) had some improvement in 
aspiration, though 19% continued to require a feeding tube. 
Fang and colleagues reviewed high vagal lesions also of 
various causes, including CPA surgery, and found the feed-
ing tube dependency rate improved from 27% to 5.9% after 
laryngeal interventions. Medialization thyroplasty has been 
previously suggested to be performed primarily at the time 
of skull-base surgery to provide immediate improvement 
and avoid the need for tracheotomy, though other authors 
note final vocal cord status is difficult to judge immediately 
and suggest injection laryngoplasty for short-term improve-
ment, with further surgery determined when the cord posi-
tion is constant [68, 70]. Early arytenoid adduction as the 
sole method of medialization by postoperative day 2 has 
also been reported in a series of 26 patients as another option 
for early rehabilitation. In that group, 62% of patients 
required a percutaneous feeding tube after skull-base sur-
gery, though all but one was able to resume nutrition by 

mouth with removal of the feeding tube by 1 year, and 33% 
of patients required tracheotomy, all of whom were decan-
nulated by 3 months [71].

 Headache

Patients with CPA lesions such as VS, even untreated, are 
more likely than controls with tumors to have severe head-
ache disability, and 60% overall report some degree of head-
ache before treatment [72]. Headache disability outcomes 
have not been shown to be statistically different between the 
treatment modalities of observation, stereotactic radiosur-
gery, and microsurgery.

In studies of CPA surgery approaches, retrosigmoid crani-
otomy has frequently been identified as having a greater risk 
of postoperative headache in comparison to other lateral 
skull-base approaches. In a systematic review of surgery for 
VS, the retrosigmoid approach was significantly more likely 
to result in persistent postoperative headache (17.3%) com-
pared to the translabyrinthine (0%) approach but statistically 
not significantly more than middle cranial fossa cases (8%) 
[73]. Although most reports describe short-term postopera-
tive headaches, it is possible that long-term outcomes at 
1  year may not show significant differences between 
approaches [74]. Potential causes of this postoperative head-
ache include cervical muscle adhesion and subsequent irrita-
tion to exposed dura at the craniotomy site, dural tension, 
intradural bone dust initiating aseptic meningitis from intra-
dural drilling, and injury to either the lesser or greater occipi-
tal nerves from the incision and approach.

To address potential dural adhesions, several authors have 
reported utilizing replacement of a bone flap or cranioplasty 
techniques to reduce the incidence or severity of postopera-
tive headache [75–77]. A retrospective review of 565 retrosi-
gmoid approaches to the CPA reported significant differences 
between the incidence of postoperative headache based on if 
patients were treated for vestibular nerve section (5%) or 
removal of VS (54%), suggesting internal auditory canal 
drilling and dispersed bone dust as the primary difference 
between those approaches being a significant contributor to 
the headaches [78]. In addition to intradural drilling, fibrin 
glue as a cause for aseptic meningitis and tight dural tension 
from closure has also been considered as factors [79]. The 
use of Gelfoam to trap residue or bone dust has been advo-
cated as a method to reduce postoperative headaches [80]. 
Modifications of surgical technique using a curvilinear inci-
sion design has also been suggested as a method to avoid 
occipital nerve injury and headache [81].

For most cases of postoperative headache, simple analge-
sics such as NSAIDs, COX-2 inhibitors or paracetamol/acet-
aminophen are effective and used as first-line medical 
therapy [82]. Sumatriptan has also been described as an 
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effective treatment in a small study that suggested some 
cases may have pain mediated by the trigeminal nerve [83]. 
A subset of the patients with postoperative headaches exhibit 
occipital neuralgia with occipital neuromas or nerve entrap-
ment and may benefit from procedures targeting these 
pathologies [84]. Many large tumors of the CPA can also 
cause direct compression or vascular compression of the tri-
geminal nerve with associated neuralgia. Microsurgical 
resection of tumors improves trigeminal neuralgia in the 
majority of these cases and can alleviate facial numbness and 
paresthesia in some cases [85, 86].

 Conclusion

Although microsurgery within the CPA has seen remarkable 
advancements in surgical technique and intraoperative mon-
itoring, perioperative complications still occur. Management 
of potential morbidities often begins during preoperative 
counseling when the risks and possibilities for a given lesion 
and surgical plan are fully discussed so that patients under-
stand their risks and may be prepared for the unlikely event 
that complication is encountered. Preoperative dysfunction 
of cranial nerves can be recognized, and abrupt postopera-
tive neuropathies, such as in the vestibular system and swal-
lowing mechanisms, can benefit from therapy and 
compensation. Knowledge of the broad range and likeli-
hood of various complications allows for early identification 
and treatment. Advancements in rehabilitation techniques 
and improved options for surgical rehabilitation have led to 
a trend toward early management of some cranial neuropa-
thies, such as facial paralysis and laryngeal dysfunction, to 
facilitate the return of function and quality of life for 
patients.
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16Facial Reanimation

Tessa A. Hadlock and Nate Jowett

Facial nerve disorders encompass a broad spectrum of dys-
function, ranging from subtle dynamic facial asymmetry to 
dense flaccid paralysis. Following repair or grafting, the 
extent of facial nerve regeneration can greatly vary. Restricted 
movement may result from hypofunction (persistent weak-
ness of facial muscles), hyperfunction (hypertonicity, 
spasm), aberrant regeneration (synkinesis), or a combination 
of these states. Facial nerve dysfunction may lead to numer-
ous functional problems including corneal exposure, dry eye, 
epiphora, oral incompetence, poor manipulation of the food 
bolus, speech and articulation difficulties, nasal obstruction, 
and facial pain. Inability to convey emotion through facial 
expression and the accompanying psychological penalty as 
well as social isolation have a profound impact on a patient’s 
quality of life. This chapter reviews anatomy of the facial 
nerve, grading of facial nerve injury, and contemporary sur-
gical and adjunctive techniques for facial reanimation. An 
algorithm for zonal management of the paralyzed face is 
provided.

 Anatomy of Facial Nerve

A neuron consists of a cell body with dendritic and axonal 
extensions enclosed by a plasma membrane. Axons are 
enveloped and supported by Schwann cells, some forming a 
myelin sheath serving to increase the velocity of action 
potential propagation. Individual myelinated axons are 
enclosed within a connective tissue network (the endoneu-
rium) and arranged in groups of fascicles, each of which is 
surrounded by a distinct perineurium. The fascicles and sur-
rounding perineurium are enclosed by loose areolar tissue 
containing multiple vascular channels, known as the internal 

epineurium. The external epineurium encloses all the fasci-
cles and encases the entire peripheral nerve [1]. The meso-
neurium consists of loose areolar tissue that extends from the 
external epineurium, through which segmental blood supply 
enters the nerve. Peripheral nerve sheaths are well vascular-
ized and include two intracommunicative systems: (1) the 
perifascicular system, located in the internal epineurium, and 
(2) the intrafascicular system, located in the endoneurial net-
work of perineurium-enveloped fascicles [2].

Voluntary facial motor function originates from upper 
motor neurons in the lower portion of the precentral gyrus. 
The frontotemporal cerebral cortex as well as limbic and 
basal ganglion sources house central neurons controlling 
involuntary expression. The facial motor nucleus is located 
in the ventral aspect of the caudal pons. The dorsal portion of 
the facial motor nucleus houses neuronal cell bodies control-
ling the upper third of the face and receives bilateral upper 
motor neuron input, while the ventral portion controlling the 
lower two-thirds of the face receives only crossed input [3]. 
Facial nerve fibers exit the motor nucleus, pass medioventral 
around the nucleus of the abducens (sixth) cranial nerve, and 
exit the lateral brainstem near the cerebellopontine junction 
(Fig. 16.1) [3]. The somatic motor component of the facial 
nerve exits the pontomedullary junction 1–2 mm anterior to 
the vestibulocochlear nerve together with the nervus inter-
medius, which carries the somatic sensory, special sensory, 
and visceral motor components of the facial nerve. The 
nerves are loosely joined, devoid of epineurium, and bathed 
in cerebrospinal fluid within this cisternal segment that spans 
the 17–24  mm gap between the brainstem and the porus 
acusticus at the cerebellopontine angle. The meatal segment 
spans 8–10 mm between the porus acusticus and the meatal 
foramen; the facial nerve occupies the anterosuperior quad-
rant of the internal auditory canal (IAC).

The facial nerve assumes its narrowest dimension within 
the IAC fundus at the meatal foramen, the entrance to the 
fallopian canal. Herein, the nerve is most susceptible to 
injury from trauma or inflammation. The fallopian canal, 
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Fig. 16.1 The extramedullary segments of the facial nerve. (Modified 
with permission from BC Decker Inc., from Nadol JB Jr. [32])

which has the longest bony course of any cranial nerve, is 
divided into three segments (Fig.  16.1): labyrinthine 
(3–5 mm), tympanic or horizontal (8–11 mm), and mastoid 
or vertical (10–14 mm). The labyrinthine segment extends 
from the fundus of the IAC to the distal portion of the genic-
ulate ganglion. The greater superficial petrosal nerve 
branches from the geniculate ganglion, carrying pregangli-
onic parasympathetic secretory fibers to the nose, lacrimal 
gland, and palate. The tympanic segment spans the distal 
geniculate ganglion where the nerve sharply turns posteri-
orly (the first genu) to the pyramidal eminence where the 
nerve sharply turns inferiorly (the second genu). The nerve 
to stapedius muscle emerges near the second genu. The 
mastoid segment spans the distance between the second 
genu and the stylomastoid foramen and has two other 
branches: the ascending branch of the auricular branch of 
the vagus nerve (Arnold’s nerve) and the chorda tympani. 
Arnold’s nerve provides sensation to the ear canal, tragus, 
and auricle. The chorda tympani carries preganglionic para-

sympathetic secretory fibers of the submandibular and sub-
lingual glands as well as sensory taste fibers from the 
anterior two-thirds of the tongue. The arachnoid pia-dura 
mater junction typically lies near the fundus of the IAC but 
may extend as far as the geniculate ganglion. Proximal to 
this juncture, the facial nerve is unsheathed and bathed in 
cerebrospinal fluid.

After exiting the stylomastoid foramen, the facial nerve 
gives off a posterior auricular branch, a motor branch to the 
posterior belly of the digastric muscle, and a motor branch to 
the stylohyoid muscle prior to the pes anserinus. The poste-
rior auricular nerve carries motor fibers to the superior and 
posterior auricular muscles and occipitalis muscles and is 
thought to supply the skin covering the mastoid process and 
adjacent parts of the auricle. Though branching patterns are 
highly variable, the main trunk of the facial nerve often splits 
into upper and lower divisions that further branch to supply 
five zones: temporal, zygomatic, buccal, marginal mandibu-
lar, and cervical. Though these branches generally innervate 
separate facial regions, there is significant arborization and 
redundancy among neighboring territories, especially in the 
midface.

 Nerve Injury Classification

The degree to which a nerve is injured may be classified 
according to the Sunderland system, which includes five lev-
els of severity (Fig. 16.2) [4]. The Sunderland scale provides 
a conceptual framework that guides management of nerve 
injury.

 First-Degree Injury

In first-degree injury or neuropraxia, nerve conduction is 
interrupted at the injury site. Axon continuity is preserved, 
and there is no Wallerian degeneration. Neuropraxia often 
results from compression and ischemic insults. The period of 
denervation is short, and function recovers rapidly and 
completely.

 Second-Degree Injury

In a second-degree injury, axons are disrupted within their 
endoneurial tubules. The endoneurium, which consists of the 
basal lamina of the Schwann cells, and a fibrillar reticular 
lamina with surrounding collagen fibrils, is preserved. 
Wallerian degeneration occurs distal to the site of injury. The 
confines of the endoneurial tube accurately guide regenerat-
ing axons to their original targets. Functional recovery is 
complete or near complete.

T. A. Hadlock and N. Jowett
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Fig. 16.2 Sunderland classification of degrees of nerve injury based on involvement of the neural layers. (Netter illustration used with permission 
of Elsevier Inc. All rights reserved)

 Third-Degree Injury

At this level of severity, endoneurial disruption occurs with-
out perineurial disruption. Continuity of the endoneurial tube 
is lost. However, fasciculi remain continuous and their 
arrangement in the nerve trunk is preserved. This level of 
injury may result from traction, hemorrhage, edema, vascular 
stasis, and ischemia. Resulting intrafascicular fibrosis 
severely impedes the process of regeneration, and extent of 
functional recovery varies. Endoneurial disruption may result 
in some aberrant axonal regeneration of axons or ephaptic 
communication with subsequent development of involuntary 
and uncoordinated facial movements, known as synkinesis.

 Fourth-Degree Injury

This level of injury results in disruption of the endoneurium 
and perineurium. Only the external epineurium and meso-
neurium remain intact. Intraneural fibrosis limits recovery, 
and pronounced aberrant interfascicular regeneration occurs 
causing disfiguring facial synkinesis.

 Fifth-Degree Injury

At this highest level of injury, also known as neurotmesis, 
anatomic discontinuity is complete. Minimal to absent 
recovery occurs without surgical repair. Poor somatotopic 
fascicular organization of motor axons within the facial 
nerve results in significant aberrant regeneration and subse-
quent facial synkinesis despite meticulous repair of main 
trunk injuries [4–6].

 Nerve Repair and Nerve Grafting

When facial nerve discontinuity is encountered, first-line 
therapy dictates reestablishment of neural continuity between 
proximal and distal facial nerve stumps. Direct end-to-end 
repair is preferred where nerve ends may be reapposed with-
out tension; other interposition graft repair is favored [7]. In 
the setting of facial nerve defects of the fallopian canal, 
intratemporal rerouting of the nerve by means of mastoidec-
tomy may be employed to facilitate repair and avoid need for 
interposition grafting [8]. The distal vertical segment of the 
nerve is amenable to suturing. A defect of the horizontal seg-
ment is typically addressed with simple approximation of 
nerve ends with reinforcement using fibrin glue, collagen, or 
hemostatic agents. During repair, the operating microscope 
should be used to evaluate the cut nerve endings. The stumps 
should be debrided and all devitalized tissue removed, fol-
lowed by approximation and coaptation of the epineurial 
sheath. Interfascicular repair has not shown benefit over epi-
neurial repair.

 Nerve Grafting

When a tension-free neurorrhaphy cannot be achieved, an 
autograft is interposed between the proximal and distal end-
ings of the facial nerve. Most often, donor nerve grafts are 
harvested from the great auricular, sural, or medial ante-
brachial cutaneous nerves (Fig.  16.3). The great auricular 
nerve is ideal for repairs that require grafts less than 6 cm 
long (Fig. 16.3a). A contraindication to its use is the presence 
of a neurotrophic malignancy. In such cases, the sural 
(Fig. 16.3b) or medial antebrachial nerve (Fig. 16.3c) is pre-
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Fig. 16.3 (a) The great auricular nerve (yellow) is located on the lat-
eral surface of the sternocleidomastoid muscle at the midpoint (dot) of 
a line (arrows) drawn between the mastoid tip and the angle of the man-
dible. (b) The sural nerve (yellow) is located in a subcutaneous plane 
posterior to the lateral fibular malleolus. The nerve runs parallel to the 
small saphenous vein. (c) The medial antebrachial cutaneous nerve 
arises primarily from the medial cord of the brachial plexus with contri-

butions from the ventral rami of C8 and the first thoracic nerve. As the 
nerve enters the arm, it lies superficial to the brachial artery near the 
basilic vein. At the elbow, it divides into posterior and anterior branches 
that supply sensation to the ulnar aspect of both the flexor and extensor 
surfaces of the forearm. (Figure a, b from Nadol JB Jr. [32]. Figure c 
reproduced with permission from Cheney [22] © 2007 Mack L. Cheney, 
MD)

ferred. The latter is ideally suited for total nerve reconstruc-
tion to multiple distal branches. The results of cable grafting 
can be favorable [9]. The quality and quantity of axonal 
regrowth are best when repair is executed immediately fol-
lowing nerve injury or intentional resection. Under ideal cir-
cumstances, neural reconstruction proceeds in the same 

operative setting as sacrifice. Factors that lead to poor recov-
ery include wound disruption, infection, or tension on the 
site of coaptation. In most cases, movement returns within 
6–12 months following the reestablishment of neural conti-
nuity, depending on the location of the neural repair. 
Improvement continues to occur over several years.
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 Facial Reanimation

When neural continuity cannot be reestablished, either due 
to lack of a proximal stump at the brainstem or due to severe 
traumatic distortion of temporal bone anatomy, other meth-
ods of reestablishing facial balance and movement may be 
considered. Facial reanimation procedures refer to interven-
tions that restore facial symmetry, resting tone, voluntary 
and involuntary movement, or a combination thereof. There 
are several broad categories of facial reanimation techniques, 
each appropriate to a specific set of clinical, anatomic, or 
outcome-related circumstances. These techniques include 
reinnervation techniques, muscle transfers, static procedures, 
and nonsurgical adjunctive therapy.

 Nerve Substitution Techniques

Nerve substitution techniques, also known as nerve transfers, 
or reinnervation techniques, refer to procedures that provide 
neural input to the facial musculature via distal facial nerve 
branches using motor nerves other than the native facial 
nerve. Nerve transfers may be performed to the main trunk 
of the facial nerve, with the goal of restoring facial tone and 
some form of blink, or to more distal facial nerve branches, 
with the goal of restoring volitional control of specific facial 
movements such as smile. These techniques are indicated 
when the proximal facial nerve stump is unavailable but the 
distal facial nerve and facial musculature are present and 
functional. For example, resection of a skull base tumor 
requiring resection of the facial nerve at or near the brain-
stem may render neurorrhaphy technically infeasible. In this 
setting, immediate nerve transfer is indicated. Nerve trans-
fers may be appropriate when no discernible facial function 
is noted 6–12 months following skull base surgery, intracra-
nial injury, and traumatic facial paralysis, where the facial 
nerve is believed to be anatomically intact. While electro-
physiologic demonstration of the lack of reinnervation 
potentials and the presence of fibrillation potentials at the 
12-month mark may confirm persistent and complete dener-
vation, lack of obvious functional recovery by this time 
period is a sufficient indication for intervention. These find-
ings suggest insufficient regenerative potential from the 
proximal facial nerve stump and mandate alternative proxi-
mal axonal input to the distal facial nerve and facial muscu-
lature before atrophy and fibrosis become irreversible. 
Ongoing debate surrounds optimal timing for reinnervation 
in flaccid facial paralysis after skull-base surgery, though the 
most recent data suggest that complete flaccidity after 
6 months portends a very poor smile prognosis. Nerve trans-
fers are only indicated where facial muscles are likely to be 
receptive to reinnervation: typically 2 years from denerva-
tion in adults and possibly longer in children.

 Hypoglossal–Facial Transfer (Cranial Nerve 
XII–VII Crossover)

The hypoglossal nerve was historically most often used to 
reinnervate the distal facial nerve. Its proximity to the extra-
temporal facial nerve, its dense population of myelinated 
motor axons, and the relative acceptability of the resultant 
hemi-tongue weakness made it a logical choice in the past 
[10–13]. In the classic cranial nerve XII–VII transfer, the 
entire hypoglossal nerve is transected and reflected upward 
for direct neurorrhaphy to the facial nerve stump (Fig. 16.4a). 
Several modifications have been described (Fig. 16.4b, c). In 
the “split” XII–VII transfer [14], the hypoglossal nerve is 
incised to a depth of approximately 30% of its caliber, and 
dissection is performed to elevate a segment that is several 
centimeters long for coaptation to the facial nerve or its 
branches (see Fig. 16.4b). This technique is inadvisable as 
the hypoglossal nerve is monofascicular in its proximal seg-
ment, without clear perineurial boundaries between groups 
of axons to guide dissection.

Another modification, the XII–VII jump graft, is designed 
to reduce tongue morbidity by avoiding the splicing away of a 
significant length of the hypoglossal trunk. An end-to-side 
neurorrhaphy between the hypoglossal nerve and a donor 
cable graft (usually the great auricular nerve) is sewn to the 
distal facial trunk (Fig. 16.4c) [15]. This modification is based 
on improved understanding of the microanatomy of the hypo-
glossal nerve, which has an interwoven fascicular architecture. 
Consequently, separating a 30% segment from the main trunk 
for several centimeters divides a significantly greater number 
of axons than if the fibers were oriented in parallel [15].

When the facial nerve can be mobilized from the second 
genu within the temporal bone and reflected inferiorly, 
removal of the mastoid tip allows direct coaptation of the 
facial nerve to the hypoglossal nerve, without the need for an 
interposition graft (Fig. 16.4d) [16]. Elimination of the cable 
graft provides a regenerative advantage by reducing the neu-
rorrhaphies from two to one. Ongoing additional modifica-
tions to further simplify the delivery of axons from the 
hypoglossal to the distal facial nerve are continuously being 
devised, though lack of centralized or codified determination 
of outcomes hinders clear emergence of the superiority of 
one technique over others.

 Surgical Technique
The classic XII–VII transfer is performed via a modified 
Blair parotidectomy incision. The parotid tail is elevated off 
the sternocleidomastoid muscle with preservation of the 
great auricular nerve, and the posterior belly of digastric is 
identified. Meticulous dissection in the plane between the 
perichondrium of the ear canal and parotidomasseteric fascia 
of the posterolateral aspect of the parotid gland is performed 
to identify the main trunk of the facial nerve, which is then 
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Fig. 16.4 Hypoglossal-facial nerve transfer. Hypoglossal nerve is 
shown in green; the facial nerve is shown in orange. (a) Classic proce-
dure, with the entire hypoglossal nerve transected. (b) Modification with 
40% segment of nerve secured to lower division. (c, left) Jump graft 
(purple) modification. (Inset) The graft is positioned to capture axons 

extending from the proximal aspect of the opened hypoglossal nerve. (d, 
right) Reflection of the facial nerve out of the mastoid bone (arrow) to 
meet the hypoglossal nerve in the neck. (Figure a, b, and d from Nadol 
JB Jr. [32] with permission from BC Decker Inc. Figure c published with 
permission © Tessa A. Hadlock, MD and Mack L. Cheney, MD)
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traced to the pes anserinus. The ascending portion of the 
hypoglossal nerve is located deep to the posterior belly of the 
digastric muscle along the medial surface of the internal jug-
ular vein and anterior surface of the internal and external 
carotid arteries. The nerve is mobilized distally to the branch 
point of the descendens hypoglossi, with ligation of occipital 
artery branches. The hypoglossal nerve is transected sharply 
and reflected superiorly to meet the facial nerve near the sty-
lomastoid foramen. The main trunk of the facial nerve is 
sharply transected and secured to the hypoglossal nerve with 
five to seven 10-0 nylon epineurial microsutures under high 
stereoscopic magnification.

A modification designed to decrease mass movement of 
the face with XII–VII transfer involves coaptation of the 
hypoglossal nerve to selective nerve branches, or transection 
of selected facial nerve branches distal to the point of coapta-
tion. For example, the hypoglossal nerve may be coapted to 
the inferior division of the facial nerve; alternatively, it may 
be coapted to the main trunk with transection of the upper 
division distal to the pes. Alternative reanimation techniques 
are then used to address the upper face.

The jump graft procedure is also termed the XII–VII side- 
to- end procedure. The great auricular nerve graft is har-
vested. The hypoglossal nerve is preserved in continuity 
once mobilized and an epineurial window made with tran-
section of 30% of hypoglossal axons. Side-to-end coaptation 
of the graft is made in epineurial fashion, with end-to-end 
coaptation of the distal graft end to the facial nerve. 
Alternatively, the proximal facial nerve may be mobilized 
from the temporal bone, sectioned at the second genu, and 
transposed down into the neck by removal of the mastoid tip 
for direct side-to-end coaptation to the hypoglossal nerve.

With a XII–VII transfer, good resting facial tone is 
achieved in more than 90% of patients. When successful, the 
transfer allows deliberate facial movement with intentional 
manipulation of the tongue. However, results are variable. 
Time from denervation to transfer plays a key role in out-
come. Reinnervation must occur within 2  years of injury; 
otherwise, neuromuscular fibrosis and atrophy progress to a 
point where meaningful tone and movement cannot be 
achieved [15].

Two significant drawbacks are associated with the pro-
cedure. Many patients experience mass facial movement, 
and the variable tongue dysfunction has been categorized 
as “severe” in as many as 25% of patients. Articulation and 
mastication difficulties are common. The modifications 
mentioned above are aimed at one or the other of these two 
problems. The procedure is contraindicated in patients who 
are likely to develop other cranial neuropathies (i.e., 
patients with neurofibromatosis type 2) or who have ipsi-
lateral deficits of cranial nerve X. Combined cranial nerve 
X–XII deficits can lead to profound swallowing 
dysfunction.

 Trigeminal-to-Facial Nerve Transfer

Over the past 5 years, the popularity of the masseteric branch 
of the trigeminal nerve as a donor source of axons for rein-
nervation of specific midfacial musculature driving smile has 
surged [17]. First popularized as a neural source for driving 
free muscle transfer for facial reanimation, it rapidly gained 
favor for its ease of access, abundance of motor axons, low 
donor-site morbidity, and ideal location for direct coaptation 
to relevant branches of the facial nerve driving smile. 
Rehabilitation of bite-driven smile is straightforward for 
most patients. Advances in surgical techniques now allow 
specific targeting of nerve-to-masseter transfer to distal 
zygomatic branches of the facial nerve driving smile, with 
preservation of facial nerve continuity elsewhere. This para-
digm shift has led to earlier intervention to optimize out-
comes in the setting of persistent flaccid paralysis at 6 months 
following skull base surgery where facial nerve continuity 
was preserved, while still allowing for the possibility of 
recovery of native function by avoidance of main trunk tran-
section. Contrary to the hypoglossal nerve, the nerve-to- 
masseter does not provide resting tone. Though its use 
permits reanimation of a powerful smile, the midface remains 
flaccid at rest. In adults, the technique is best combined with 
concurrent nerve transfer of the hypoglossal nerve more 
proximally to the main trunk of the facial nerve to provide 
facial tone (which can be performed at a later date if native 
recovery is still possible) or alternatively with cross-face 
nerve grafting or static suspension of the midface. Results 
can be expected within 3–5 months and generally are supe-
rior to those achieved with muscle transfer (Fig. 16.5).

 Surgical Technique
The procedure begins with elevation of a facial flap under the 
superficial musculo-aponeurotic system (SMAS), directly on 
the parotido-masseteric fascia. Branches of the facial nerve 
are identified as they emerge from the parotid gland, and a 
single large-caliber branch inferior to the zygomatic arch 
coursing toward the zygomaticus major and minor muscles 
is isolated. Retrograde dissection toward the upper division 
of the facial nerve through the parotid gland is carried out 
until the branching pattern of the upper division is fully 
appreciated and all other branches are left intact. Dissection 
proceeds deep to the parotid gland through the masseter 
muscle, where the nerve is located entering its deep surface. 
Once identified, the nerve is isolated using a vessel loop and 
dissected anteriorly as it courses more superficially into the 
muscle belly. When adequate length for primary coaptation 
to the recipient facial nerve is exposed, the nerve is tran-
sected distally and reflected out of the wound bed, and 
microsurgical coaptation to the recipient branch of the facial 
nerve is executed. When possible, proximal superomedial 
branches of the nerve-to-masseter are preserved during har-
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Fig. 16.5 (a) Preoperative and (b) postoperative view of patient 
attempting to smile, after complete facial nerve sacrifice at brainstem, 
with no grafting, followed 12 weeks later by five to seven transfer and 
two cross-face nerve grafts, one to the eye and one to a midface smile 
branch. Patient also underwent delayed static suspension

ba

c

Fig. 16.6 Steps involved in minimally invasive sural nerve harvest. (A, 
a) The sural nerve is identified 1  cm lateral to the lateral malleolus, 
divided distally and inserted through the islet of the nerve stripper. (b) 
The nerve stripper is passed superoposteriorly, freeing the nerve from 
the surrounding subcutaneous fat. (c) When an appropriate length of 
nerve has been freed from surrounding tissues, a second skin incision is 
made by palpating the eyelet through the skin. (d) The eyelet of the 
stripper is delivered through the incision, and the proximal end of the 
sural nerve is cut, preparing it for removal through the distal incision. 
(B, e) Removal of a 15–20 cm sural nerve graft through the distal inci-
sion. Note the avoidance of a long skin incision. (C) Intrafascicular 
dissection of a single sural nerve into two strands, using a microscissors 
and microscopic magnification. (Published with permission © Tessa 
A. Hadlock, MD and Mack L. Cheney, MD)

vest to lessen the risk of masseter muscle atrophy and subse-
quent hollowing of the cheek.

 Cranial Nerve VII–VII Cross-Facial Grafting

Another potential source of axons for facial reinnervation is 
the healthy contralateral facial nerve [18]. It is the only donor 
source with the potential to reanimate mimetic function, 
such as spontaneous blink and emotive smile. Because it 
manifests significant distal arborization, several branches 
may be sacrificed for use in cross-facial grafting without 
adversely affecting healthy-side function. Donor branches 
contain far fewer motor axons than the hypoglossal or mas-
seteric nerves to power the paralyzed side [19]. The use of 
contralateral facial nerve branches strictly for reinnervation 
of native facial musculature has largely been replaced by 
cross-face nerve grafting in conjunction with other reinner-
vation techniques or in preparation for free-muscle transfer; 
direct coaptation to branches of the paralyzed side is now 
thought to be useful only when performed within 3 months 
of proximal facial nerve sacrifice because of the time required 
for axons to traverse the face and the sensitivity of paralyzed 
muscles to denervation time.

 Surgical Technique
A preauricular incision is made on the nonparalyzed side. A 
flap is raised on the parotid-masseteric fascia until the ante-
rior border of the parotid gland is identified. With the guid-
ance of electrical stimulation, the masseter fascia is dissected 
to identify 5–10 branches of the facial nerve. The 1–3 
branches yielding isolated smile or blink movement are 

selected as donor branches and transected sharply. A sural 
nerve graft is harvested from the leg through an open, endo-
scopic or minimally invasive approach (Fig. 16.6) [17]. The 
nerve is used either singly or divided into two strands under 
microscopic guidance if both blink and smile are targeted. 
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The strands are then tunneled subcutaneously from the donor 
branches either to the gingivo-buccal sulcus on the paralyzed 
side (if free tissue transfer is planned) or across into the para-
lyzed face for direct coaptation, in which case an identical 
facial nerve dissection is executed on the paralyzed side 
(direct hookup). In direct hook-up cases, end-to-end neuror-
rhaphy is performed to recipient smile and/or blink branches. 
On the donor side, nerve coaptation between the sural nerve 
and the donor facial nerve branches is performed with 10-0 
nylon sutures. Clinically, the growth of axons into the graft is 
followed by tapping on the graft (Tinel’s sign); tingling indi-
cates the presence of regenerating axons. When required, a 
second-stage free-muscle transfer is performed 6–9 months 
later (see section “Free-Muscle Transfer” later in this 
chapter).

 Regional Muscle Transfer Techniques

When the distal facial nerve or facial musculature has atro-
phied or become significantly fibrotic, the delivery of viable 
motor axons will not yield adequate excursion to create 
meaningful facial expression. In such cases, transfer of func-
tional innervated musculature into the face offers the only 
reliable possibility of providing meaningful facial move-
ment. A segment of innervated muscle can be transposed into 
the appropriate segment of the face from the temporalis, 
masseter, digastric, or other regional muscles. Alternatively, 
a muscle segment can be transferred as a free flap from a 
distant site (gracilis, pectoralis minor, serratus anterior, latis-
simus dorsi) and reinnervated locally.

Effective rehabilitation requires training and physical 
therapy to achieve optimal function. The literature supports 
the concept of neural plasticity; after a certain training 
period, some patients with trigeminally driven muscle trans-
fers are believed to achieve movement without consciously 
clenching their teeth [20].

 Temporalis Muscle Transfer

The temporalis muscle has historically been employed for 
reanimation of the smile in patients whose face is chronically 
paralyzed. The procedure is also useful as an interim therapy 
when the regenerative potential of the facial nerve is in ques-
tion (i.e., after skull-base surgery) and during the waiting 
period for regeneration because it does not interfere with 
potential facial nerve regeneration [21].

Before proceeding, it is imperative to establish that the 
muscle and its nerve and vascular supply are intact. Some 
neurotologic procedures affect these structures, and several 

congenital facial palsy syndromes are associated with other 
cranial nerve abnormalities that may affect function of the 
temporalis muscle. Severe atrophy of the musculature, such 
as in an edentulous patient, is also a contraindication to tem-
poralis transfer.

 Surgical Technique
In the classic description of the procedure (Fig. 16.7), dis-
section is performed through an incision from the superior 
temporal line to the attachment of the lobule [22]. Scalp 
flaps are raised both anteriorly and posteriorly in the subder-
mal plane, just under the hair follicles. Care is taken to pre-
serve the superficial temporal artery and veins so that the 
temporoparietal fascial flap (TPFF) can be used to obliterate 
the donor- site defect. The TPFF is incised posterior to the 
course of the temporal branch of the facial nerve and 
reflected from the true temporalis muscular fascia, leaving 
the TPFF pedicled on its vessels. A flap is raised deep to the 
subdermal plane from the zygomatic arch to the oral com-
missure. Some fat is left on the skin flap to avoid direct 
apposition of the transferred muscle to the overlying skin, 
which can produce tethering. The skin flap extends medially 
to the modiolus necessary for adequate coaptation to the 
transferred muscle.

A 1.5-cm–wide strip of temporalis muscle with its under-
lying pericranium is elevated from the calvarium. The seg-
ment is chosen so that reflection over the zygomatic arch 
pulls the commissure in a vector appropriate to the patient’s 
smile pattern. The muscle is reflected into the midface and 
secured with polyglactin sutures to the orbicularis oris. 
Secure muscle-to-muscle contact is necessary to promote 
potential neurotization of the orbicularis fibers (Fig. 16.7a). 
The commissure is deliberately overcorrected so that with 
relaxation, an appropriate position is achieved. The TPFF is 
placed into the donor defect, and the incision is closed over a 
drain (Fig. 16.7b) [21].

Over the past decade, antidromic temporalis transposition 
has been largely supplanted by orthodromic approaches, 
where the tendinous attachment of the temporalis muscle is 
transferred from the coronoid process to the modiolus and 
nasolabial fold area. This approach avoids the characteristic 
bulge of the muscle over the zygomatic arch, which is accen-
tuated by the hollowing in the temporal fossa, created by 
absence of muscle in the original position.

Irrespective of maneuver, the temporalis muscle has been 
shown to lead to significantly less oral commissure excur-
sion than free muscle, thus in centers where microvascular 
surgery is widely performed, regional muscle transfer is 
reserved for patients who are extremely high surgical risks or 
who have a poor survival prognosis.
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Fig. 16.7 Temporalis muscle transposition. (a) Securing the trans-
posed muscle to the orbicularis oris. Note the double staple line and 
mattress sutures from the temporalis muscle to the modiolus. (b) Note 

the overcorrection of the commissure so that the first molar is visible. 
(From Nadol JB Jr. [32] with permission from BC Decker Inc.)

 Other Regional Muscle Transfers

The masseter muscle transfer, popularized by Rubin and 
Baker and Conley, can also provide excursion at the oral 
commissure [23, 24]. The muscle is freed from its mandibu-
lar attachments and secured to the lateral aspect of the orbi-
cularis oris, in the same fashion as the temporalis muscle. 
However, its more lateral vector pull, significant resulting 
contour defect, and availability of superior options have ren-
dered the procedure obsolete.

The digastric muscle transfer has been described as 
useful in isolated marginal mandibular nerve injuries for 
lower lip reanimation. However, it may compromise oral 
competence in patients with total facial paralysis. In 
appropriately selected patients with an isolated injury of 
the marginal mandibular nerve, the procedure may effec-
tively restore depressor function to the lower lip. The 
procedure involves sectioning the digastric muscle at the 
junction of the posterior belly and its tendon. The ante-
rior belly and tendon are then freed from surrounding 
structures and secured to the orbicularis oris along the 
ipsilateral inferior border (Fig.  16.4). Mylohyoid nerve 
innervation to the anterior belly can be maintained [25], 
or the muscle can be driven by a cross-face nerve graft 
[26].

Other local muscle flaps have been suggested (for exam-
ple, the innervated platysma musculocutaneous flap [27]) but 
insufficient numbers of treated patients leave their ultimate 
utility in question.

 Free-Muscle Transfer

Free-muscle transfer may be employed for facial reanima-
tion in several different clinical scenarios. If the proximal 
facial nerve stump is available but the facial musculature has 
been resected, a free-muscle flap can be placed in the face 
and driven by the ipsilateral proximal facial nerve. Patients 
with congenital facial palsy and those with longstanding 
facial paralysis or resected or myopathic facial muscle may 
likewise be good candidates for a free-muscle transfer. The 
procedure is performed in one or two stages. In the single- 
stage procedure, the muscle is driven by a branch of the ipsi-
lateral trigeminal nerve (masseteric or deep temporal), while 
in the two-stage procedure, the muscle is powered by a 
cross-facial graft (with the first-stage operation performed as 
described above in the reinnervation section) or is dually 
innervated by both a cross-facial graft and trigeminal input. 
The waiting period for axonal extension through the cable 
graft before muscle transplantation is 6–9 months.
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The gracilis muscle was the first muscle used in success-
ful facial reanimation and remains the most popular choice 
for this purpose [28]. Although modifications involving sub-
segments of the muscle and alternative neural sources for the 
graft have been described [29, 30], the muscle implantation 
procedure is described below.

 Surgical Technique
Preoperatively, the vector of the smile on the healthy side (if 
present) is noted so that it can be emulated on the affected 
side. The procedure (Fig. 16.8) is begun by harvest of the 
gracilis muscle from the medial aspect of the thigh. A curvi-
linear incision is made 1.5 cm posterior to a line connecting 
the pubic tubercle to the medial condyle of the tibia. The 
soft tissues are divided until the belly of the gracilis muscle 
is identified. The vascular pedicle is located entering the 
deep surface of the muscle, 8–10  cm distal to the pubic 
tubercle, and followed proximally for 6 cm. The obturator 
nerve is identified 1–2 cm proximal to the vascular pedicle 
and similarly traced. The pedicle, nerve, and approximately 
40% of the width of the muscle belly are isolated, using a 
running locked suture at one or both ends to create pseudo-
tendons useful to subsequent inset. The muscle is then 
thinned in situ by removal of approximately 40% of its 
superficial surface and removed from the surgical bed 
(Fig. 16.8a) [31].

A preauricular incision is made and extended to immedi-
ately below the mandible to identify the facial vessels for 
microvascular anastomosis. A thick skin flap is raised, expos-
ing the zygomatic arch and malar eminence, and extends 
medially to expose the orbicularis oris. In the two-stage pro-
cedure, the stump of the cross-face nerve graft is identified in 
the gingivobuccal sulcus for later neurorrhaphy. In single- 
stage procedures, the masseteric nerve is identified exactly as 
described in the reinnervation section above. The gracilis 
muscle is then secured to the modiolus, stretched to its rest-
ing tension length, and secured to the temporalis fascia in the 

appropriate vector. The microvascular anastomoses and neu-
rorrhaphy are performed, and the incisions are closed in lay-
ers over suction drainage (Fig. 16.8b). Movement is expected 
between 3 and 9  months following muscle transfer 
(Fig. 16.8c, d).

Alternative free-muscle flaps for facial reanimation, 
including the pectoralis minor, latissimus dorsi, serratus 
anterior, and abductor hallucis, have been described. The 
choice of which muscle to employ is based on surgeon 
experience.

 Static and Adjunctive Facial Reanimation

Patients with facial paralysis are best rehabilitated through 
combinations of static and dynamic modalities. A treatment 
algorithm (Fig. 16.9) outlining the evaluation and ongoing 
management of patients with facial paralysis helps to pre-
vent overlooking and thus undermanaging a specific facial 
zone. Static procedures are directed at specific functional 
and cosmetic issues, almost all of which are performed as 
office procedures under local anesthesia. Management 
options for the eye, which are paramount, include thin-pro-
file, platinum- weight placement (Fig. 16.10) and unilateral 
correction of brow ptosis (Fig.  16.11). Nasal obstruction 
from collapse of the nasal valve caused by paralysis of the 
dilator nares can be addressed with standard or fascia lata 
nasal valve repair (Fig. 16.12). If oral incompetence is a sig-
nificant complaint, resection of the lateral lower lip, fascia 
lata slings, or both can improve cosmesis and competence in 
this area. Subtle alteration of the nasolabial fold region to 
correct effacement or hyperprominence can be performed 
via minor suture- suspension techniques. Chemodenervation 
with botulinum toxin and aggressive neuromuscular retrain-
ing via physical therapy are vital to optimize facial 
balance.
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Fig. 16.8 (a) The branching pattern of the anterior division of the 
obturator nerve allows the gracilis muscle to be separated into at least 
two functional muscular units. A single fascicle usually supplies the 
anterior 25% of the muscle; the remaining nerve fascicles supply the 
rest of the muscle. A small portion of the muscle can be harvested with 
the main vascular pedicle and the fascicle from the anterior branch of 

the obturator nerve. (b) The suture lines can be seen at both ends of the 
transferred portion of the gracilis muscle. (c) Preoperative and (d) post-
operative views of a patient smiling after gracilis muscle transfer with 
concomitant static facial suspension. (Figure a reproduced with permis-
sion from Urken with permission from Cheney et al. [30] © 1995 Mack 
L. Cheney, MD. Figure b from Nadol JB Jr. [32] BC Decker Inc.)
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Fig. 16.9 Algorithm for acute facial paralysis after cerebellopontine 
angle surgery. Blue indicates broader categories, black indicates deci-
sion points, pink indicates action and interventions, and green indicates 

therapy that is not yet mainstream. These interventions are still experi-
mental and describe future directions of treatment

a b

Fig. 16.10 (a, left) Implant positioned over tarsal plate. (a, right) Implant sutured onto tarsal plate. (b) Implant centered between medial and 
canthal tarsus on eyelid. (Published with permission, © Tessa A. Hadlock, MD and Mack L. Cheney, MD)
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Fig. 16.11 Technique for correction of brow ptosis. Schematic show-
ing lateral views (top) and close-up views of intraoperative (middle) 
and postoperative (bottom) positions of the tissue with the tine depicted. 
Note the intradermal position of the tines in the postoperative view. 
(From Hadlock et al. [33] with permission from Lippincott Williams & 
Wilkins)

Fig. 16.12 External nasal valve repair via a fascia lata sling from the 
alar base to the zygoma. (Published with permission © Tessa 
A. Hadlock, MD and Mack L. Cheney, MD)

 Summary

Facial paralysis is a disfiguring and debilitating condition, 
with its management determined by a large set of clinical 
variables. A systematic approach to the problem is manda-
tory. Each facial zone must be evaluated carefully at initial 
intake as well as longitudinally as the patient’s recovery pro-
gresses. The complementary roles of reinnervation tech-
niques, muscle transfer, static rehabilitation procedures, 
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adjunctive physical therapy, and chemodenervation must be 
appreciated. Optimal comprehensive management is most 
easily accomplished in a multidisciplinary, high-volume 
setting.
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17Hearing and Surgical Considerations 
in Neurofibromatosis Type 2

Kevin A. Peng, Gregory P. Lekovic, 
and Derald E. Brackmann

Neurofibromatosis type 2 (NF2) is a genetic disorder char-
acterized by benign tumors of the central nervous system. 
The hallmark of the disease is the presence of bilateral ves-
tibular schwannomas, although additional tumors, such as 
meningiomas, are commonly seen. The spinal cord and 
visual tracts are also often affected. Diagnosis is typically 
made in the third decade of life, and males and females are 
equally affected. The disorder can be inherited in autoso-
mal dominant fashion, but roughly half of patients repre-
sent de novo mutations. This chapter describes the 
management strategy for patients with bilateral vestibular 
schwannomas.

 Diagnosis

The most common presentation of NF2 is the presence of 
bilateral vestibular schwannomas as noted on cross-sectional 
imaging. However, diagnostic criteria for NF2 have been 
expanded, and a diagnosis can be made in the following pre-
sentations [1]:

• A first-degree relative with a diagnosis of NF2 with either 
of the following:
 – A unilateral vestibular schwannoma
 – Any two of the following: meningioma, schwannoma, 

glioma, neurofibroma, posterior subcapsular lenticular 
opacities

• A unilateral vestibular schwannoma and any two of the 
following: meningioma, schwannoma, glioma, neurofi-
broma, posterior subcapsular lenticular opacities

• Multiple meningiomas and either of the following:

 – A unilateral vestibular schwannoma
 – Any two of the following: schwannoma, glioma, neu-

rofibroma, posterior subcapsular lenticular opacities

The age of diagnosis of NF2 is variable. Tumors manifest 
as early as the first decade of life and as late as the seventh 
decade of life. There is a large breadth of symptom severity, 
ranging from slow-growing bilateral schwannomas to early- 
onset, aggressive intracranial and spinal tumors [2] 
(Table 17.1).

NF2 must be distinguished from neurofibromatosis 1 
(NF1), which is caused by a mutation in neurofibromin, 
located on chromosome 17. NF1 is characterized by multiple 
pigmented lesions termed café-au-lait spots; while NF2 
patients may also exhibit these lesions, they typically have 
far fewer than NF1 patients. NF1 patients also typically pos-
sess numerous neurofibromas, which manifest as cutaneous 
nodules. Other characteristics specific to NF1 include optic 
nerve gliomas, benign eye tumors termed Lisch nodules, and 
axillary freckling [1].
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Table 17.1 Characteristics of NF2

Autosomal dominant
Incidence 1:33,000–40,000 live births
merlin gene, chromosome 22
Age of onset variable; diagnosis made most commonly in the third 
decade of life
Bilateral eighth cranial nerve tumors
Presence of spinal tumors, including ependymomas
Neurofibromas
Meningiomas
Schwannomas of another cranial nerve
Gliomas
Juvenile posterior subcapsular lenticular opacities
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 Genetics

NF2 is caused by a mutation in merlin, also termed schwan-
nomin or neurofibromin 2, a cytoskeletal tumor suppressor 
protein encoded by the gene NF2 located on chromosome 
22q12.2. The incidence of NF2 has been estimated at around 
1 in every 30,000–40,000 live births. It is inherited in autoso-
mal dominant fashion, although half of cases represent de 
novo mutations in the gene.

NF2 has classically been divided into Wishart and Gardner 
phenotypes, representing more severe and less severe pat-
terns of disease, respectively. More recent research has dem-
onstrated correlations between genetic alterations and 
disease phenotype, with truncation mutations associated 
with a more severe phenotype and missense mutations 
 associated with a less severe phenotype. The most salient 
predictor of disease severity is the age at diagnosis, with 
patients diagnosed at younger ages demonstrating more 
severe phenotypes [3].

A majority of patients with NF2 demonstrate the classic 
form, with germline mutations in the NF2 gene dictating the 
clinical phenotype. Recent research in the genetic character-
istics of NF2 has revealed that mosaicism, or the presence of 
the NF2 mutation in some, but not all, of an affected indi-
vidual’s cells, occurs in about 30–35% of NF2 patients. 
Mosaicism occurs when the NF2 mutation occurs after 
embryogenesis and cell division, resulting in the pathologi-
cal mutation in only a fraction of a patient’s cells. Patients 
with mosaic NF2 typically have a milder disease phenotype 
than those with germline NF2.

Tumors in NF2 are thought to develop via the two-hit 
hypothesis. The first hit occurs when one copy of the NF2 
gene is mutated, either in germline or mosaic fashion. The 
second hit occurs when the additional copy of the NF2 gene 
is mutated, termed a somatic mutation [4]. A three-hit 
hypothesis has also been postulated. When both copies of the 
NF2 gene are mutated in Schwann cells, there is a loss of 
tumor suppression, and tumor formation commences. NF2 
has been implicated in other neoplasms and malignancies, 
including mesothelioma and thyroid cancers.

 Vestibular Schwannomas

Bilateral vestibular schwannomas are the hallmark of NF2. 
Vestibular schwannomas are benign tumors of the superior 
and/or inferior vestibular nerves. Due to the proximity of the 
vestibular and cochlear nerve fibers, vestibular schwanno-
mas compress and invade the cochlear nerve, causing hear-
ing loss and tinnitus. Vestibular symptoms occur less 
frequently, likely owing to the capacity for central compen-
sation in the setting of a gradual vestibular loss. As a result, 

hearing loss is the most common presenting symptom of 
NF2.

The facial nerve, which runs in close proximity to the ves-
tibulocochlear nerve, may also be affected. Facial nerve 
schwannomas are encountered much more commonly in 
NF2 patients and can cause symptoms such as facial twitch-
ing and paralysis. Facial nerve compression from a large ves-
tibular schwannoma may also cause similar symptoms.

 Schwannomas Involving Other Cranial 
Nerves

Schwannomas along other cranial nerves are often seen in 
NF2. Lower cranial nerve schwannomas can lead to dyspha-
gia, which is a leading cause of morbidity and eventual mor-
tality in NF2 patients. Upper cranial nerve schwannomas can 
involve the oculomotor nerves; trigeminal nerve schwanno-
mas are also commonly seen.

 Meningiomas

In addition to schwannomas, intracranial meningiomas are 
often seen in NF2 patients. Meningiomas are benign prolif-
erations of the cerebral meninges and occur at various loca-
tions along the inner table of the calvarium. When they are 
located near the internal auditory canal (IAC) and cerebel-
lopontine angle (CPA), they may mimic the presentation of a 
vestibular schwannoma. As in sporadic cases, meningiomas 
are most commonly World Health Organization (WHO) 
grade I, although an increased incidence of WHO grade II 
(atypical) meningiomas has been reported in NF2 patients.

 Collision Tumors

NF2 patients may sometimes present with complex tumors in 
the CPA comprising multiple adjacent tumors growing in 
close proximity (Fig.  17.1) [5]. Such collision tumors most 
commonly consist of confluent vestibular, cochlear, facial, tri-
geminal, and/or lower cranial nerve schwannomas; combined 
schwannomas and meningiomas are also commonly seen. 
Importantly, the presence of collision tumors is not always 
appreciable based on preoperative imaging and, when unrec-
ognized, may complicate the prognosis for hearing preserva-
tion and facial nerve function. Schwannomas of the lower 
cranial nerves are typically not resected, even partially, when 
contributing to CPA collision tumors in order to preserve 
lower cranial nerve function. For giant collision tumors, trans-
cochlear or combined petrosal approaches are sometimes nec-
essary to obtain sufficient exposure for safe tumor removal.
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a b c

Fig. 17.1 Large collision tumor involving the left cerebellopontine 
angle and multiple cranial nerves in a patient with neurofibromatosis 
type 2. The patient was blind in the contralateral eye, and the decision 
was made preoperatively not to resect the trigeminal nerve tumor to 
preserve corneal sensation. In addition, to minimize risk of dysphagia, 

the glossopharyngeal nerve tumor was not resected. (a) Preoperative 
magnetic resonance imaging (MRI), axial view, following administra-
tion of intravenous contrast. (b) Postoperative MRI demonstrating fifth 
cranial nerve tumor, which was not resected. (c) Postoperative MRI 
demonstrating ninth cranial nerve tumor, which was not resected

 Ependymomas

The most common spinal tumors encountered in NF2 
patients are spinal ependymomas, which are intramedullary 
lesions that may cause symptoms due to cord compression 
and invasion. The cervical spine is most commonly affected, 
followed by the lumbar and thoracic spine. Ependymomas 
may also be encountered in the brainstem in this population. 
Unlike sporadic ependymomas, ependymomas in NF2 gen-
erally do not metastasize and do not demonstrate leptomen-
ingeal spread [6].

 Ocular Findings

NF2 patients have a predisposition toward lens opacities and 
specifically for posterior subcapsular lens opacities. 
Additional ocular findings include wedge cortical cataracts, 
retinal hamartomas, hyperplastic primary vitreous, and 
epiretinal membranes [7]. Even less commonly, Lisch nod-
ules, which are commonly seen in NF1, may be encountered 
in NF2. Vision can be further compromised as a sequela of 
corneal scarring resulting from neuropathies of cranial 
nerves V and VII, even in the absence of primary ocular 
pathology.

 Surgical Management of Vestibular 
Schwannomas and Hearing Rehabilitation 
in NF2

As with many treatment decisions in NF2, decisions involv-
ing vestibular schwannoma resection and hearing preserva-

tion and rehabilitation are highly individualized. The 
surgical management options to be considered, which are 
not mutually exclusive and may be performed in sequential 
fashion, include (1) observation without surgical interven-
tion, (2) middle fossa craniotomy with decompression of 
the IAC without tumor removal, (3) hearing preservation 
surgery with total tumor removal, (4) retrosigmoid crani-
otomy with partial tumor removal, (5) nonhearing preserva-
tion surgery with total tumor removal, and (6) hearing 
rehabilitation via an auditory brainstem implant (ABI) or 
cochlear implant (CI).

 Observation Without Surgical Intervention

A common principle in the management of NF2 patients is to 
preserve any residual hearing in the absence of contraindica-
tions to doing so. Previous research has suggested that tumor 
cells in vestibular schwannomas in NF2 invade the cochlear 
nerve to a much greater degree than in sporadic vestibular 
schwannomas, thus making hearing preservation difficult 
[8]. Clinically, this encourages close monitoring of slowly 
growing tumors rather than more aggressive surgical 
resection.

Observation without surgical intervention is recom-
mended when a small tumor is present in an only-hearing ear 
or when hearing is present bilaterally but the tumors are too 
large to attempt hearing preservation surgery (roughly 
exceeding 2.5 cm in greatest diameter). Observation may be 
preferable when brainstem compression and hydrocephalus 
are absent. Regular follow-up (initially at 6 months and then 
annually) is essential, with trending of tumor size and evalu-
ation for hydrocephalus or mass effect.
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A standardized approach to magnetic resonance imaging 
(MRI) evaluation is recommended for accuracy. If volumet-
ric analysis is possible, tumor volume should be followed; 
barring this, dimensions in three planes should be noted. 
Clinical examination and audiometric testing are performed 
regularly to document hearing level and to identify addi-
tional cranial neuropathies or signs of increased intracranial 
pressure. Hearing fluctuation is reported to the clinician, and 
sudden hearing loss is typically treated with corticosteroid 
therapy. Surgical intervention is considered if hearing is no 
longer serviceable or if tumor factors or additional symptom-
atology mandate resection.

 Middle Fossa Craniotomy with Decompression 
of the IAC

Decompression of the tumor within the IAC is recommended 
if hearing impairment progresses or fluctuates in a patient 
under observation. In this approach, cranial nerve monitoring 
via auditory brainstem response (ABR) and facial nerve elec-
tromyography are employed. A middle fossa craniotomy is 
first performed, and the IAC is then decompressed widely 
along its superior, anterior, and posterior aspects. The tumor is 
generally not debulked as prior studies have suggested that 
intracapsular debulking is associated with rapid regrowth. The 
goal of this approach is hearing stabilization, although hearing 

loss remains a prominent risk of the surgery. In a very small 
number of patients, middle fossa decompression can lead to 
hearing improvement [9].

 Hearing Preservation Surgery with Total Tumor 
Removal

In select NF2 patients, hearing preservation is a reasonable 
goal. In general, though, hearing preservation in NF2 patients 
is often more difficult than in patients with sporadic tumors, 
likely because of invasion into the cochlear nerve. Because 
any preserved hearing is important in NF2 patients, the audi-
ological criteria for attempting hearing preservation are rela-
tively more lenient than in patients with sporadic, unilateral 
vestibular schwannomas.

The choice of surgical approach—middle fossa or retrosi-
gmoid—is determined by tumor location and size. The mid-
dle fossa craniotomy is ideal for small intracanalicular 
tumors and those extending 0.5–1 cm beyond the porus acus-
ticus into the CPA, and it allows for exposure of the entire 
IAC (Fig. 17.2). The retrosigmoid approach allows greater 
access to the CPA than the middle fossa craniotomy, but the 
posterior semicircular canal and vestibule limit access to the 
fundus of the IAC. Therefore, the retrosigmoid approach is 
ideally suited for more medial tumors with 1–2 cm of exten-
sion into the CPA but without involvement of the fundus. 

a b

Fig. 17.2 Follow-up magnetic resonance imaging 17 and 20 years fol-
lowing middle fossa craniotomy for resection of bilateral vestibular 
schwannomas, respectively, demonstrating recurrent vestibular schwan-
nomas bilaterally. Notwithstanding this recurrence, on most recent 
audiological testing, the patient has serviceable hearing bilaterally 

(right ear pure-tone average [PTA] 15  dB, word recognition score 
100%; left ear PTA 40  dB, word recognition score 92%). (a) Axial 
view, following administration of intravenous contrast. (b) Coronal 
view, postcontrast
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Among patients with NF2, few tumors fall into this category. 
Unless diagnosed early, tumors often reach a large size 
before hearing is impaired and the diagnosis is made.

The potential for hearing preservation after tumor removal 
is limited by many factors. It is generally preferred that con-
tralateral hearing be serviceable if tumor removal with hear-
ing preservation is attempted. In addition, tumors should 
ideally be less than 2.5 cm in greatest diameter for the retro-
sigmoid approach or 1.5 cm in greatest diameter for the mid-
dle fossa approach, although Brackmann and colleagues did 
not find this to be a significant factor in preserving hearing 
[10]. Finally, gross total resection should be the surgical 
objective; regrowth of residual tumors often results in hear-
ing loss with or without further surgery.

In patients with small, bilateral tumors, total tumor 
removal with attempted hearing preservation on the side with 
the larger tumor, the greater hearing impairment, or both is 
recommended. If hearing is preserved at a serviceable level 
in the first ear, contralateral tumor surgery may be performed 
after 6 months, which allows for confirmation of stable hear-
ing in the first ear. If hearing preservation is not successful in 
the first ear, hearing preservation surgery is not attempted in 
the contralateral ear, and the contralateral tumor is observed.

Some surgeons advocate the removal of the smaller tumor 
or the tumor on the side with better hearing, with the ratio-
nale that hearing preservation is more likely to be achieved. 
Yet others recommend observation of small- or medium- 
sized bilateral tumors until deterioration of hearing, mass 
effect, or both. As with many other decisions in NF2, it is 
ideal to discuss any treatment philosophy with the patient 
and arrive together at a management strategy.

 Retrosigmoid Craniotomy with Partial Tumor 
Removal

Partial tumor removal is seldom recommended because even 
partial tumor removal in patients with NF2 may result in 
hearing loss and/or tumor regrowth. Still, some surgeons 
advocate partial tumor removal when patients have good uni-
lateral hearing and a large tumor with mass effect. In this 
situation, the tumor may be debulked via a retrosigmoid cra-
niotomy. A generous cuff of tumor capsule is left in an 
attempt to protect the facial and cochlear nerves and the 
cochlear blood supply.

 Nonhearing Preservation Surgery with Total 
Tumor Removal

When hearing preservation is no longer a consideration, 
either in the setting of profound hearing loss preopera-
tively or a large tumor with brainstem compression, even 

in the presence of useful hearing, total tumor removal with 
preservation of the facial nerve is the primary goal. The 
translabyrinthine approach is our preferred approach. It 
allows for safe tumor removal with minimal cerebellar 
retraction and maximal exposure of the facial nerve. 
Furthermore, it allows for direct access to the lateral recess 
of the fourth ventricle for placement of an ABI as dis-
cussed below.

 Hearing Rehabilitation Via an ABI or CI

The retrosigmoid and translabyrinthine approaches expose 
the brainstem, thus allowing placement of an ABI. The ABI, 
which was conceived by William F. House, MD, and devel-
oped at the House Ear Institute in Los Angeles, California in 
the late 1970s and early 1980s, stimulates the cochlear 
nucleus of the brainstem directly. It is currently approved by 
the United States Food and Drug Administration for hearing 
rehabilitation in NF2 patients aged 12 years and older, either 
at the time of tumor removal or at a second stage. The elec-
trode array is placed in the lateral recess of the fourth ven-
tricle (Figs. 17.3 and 17.4), and the subcutaneous receiver is 
located under the scalp [11].

Because the patient population generally requires lifelong 
surveillance with MRI, the internal magnet is removed intra-
operatively following implant testing (typically electrically 
evoked ABR) for the purposes of both MRI compatibility 
and to eliminate magnetic shadow. The implant is typically 
activated several weeks  postoperatively. For everyday use, 
magnetic coupling between the internal receiver–stimulator 

Fig. 17.3 A drawing of an axial cut at the level of the lateral recess of 
the fourth ventricle. The ABI electrode is placed over the area of the 
cochlear nucleus, within the lateral recess of the fourth ventricle. 
(Permission granted to use by the House Ear Institute)
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Fig. 17.4 (a) An overview of the ABI electrode through a translabyrin-
thine approach to the cerebellopontine angle and the area of the lateral 
recess of the fourth ventricle is drawn. The internal receiver and the 
magnet part of the device are tucked under the periosteum posteriorly. 
(b) The ABI is placed over the area of the cochlear nucleus. The choroid 

plexus, the stump of the cochleovestibular nerve, the taenia, and the 
glossopharyngeal nerve are all used as landmarks to position the elec-
trode within the lateral recess of the fourth ventricle. (Permission 
granted to use by the House Ear Institute)

and the external device is facilitated with the use of an exter-
nal retainer disc, which is applied to an area of shaved scalp 
with adhesive. Patients may undergo MRI up to a field 
strength of 1.5 T, with the external device and retainer disc 
removed.

Most NF2 patients who rely solely on ABI for auditory 
perception cannot achieve open-set speech discrimination, 
though some do. Instead, ABIs provide environmental aware-
ness of sound and augment lip-reading [12]. Some patients 
with ABIs do not derive meaningful auditory stimulation, but 
it is difficult to predict performance preoperatively or intra-
operatively, even for very large tumors with brainstem defor-
mation or compression, where a subset of patients still 
performs acceptably with ABIs.

In a select cohort of NF2 patients, a CI may be consid-
ered. CIs rely on the presence of an anatomically intact 
cochlear nerve. While CIs may offer improved speech rec-
ognition compared to ABIs, CI function in NF2 patients has 
been noted almost invariably to decrease over time [13]. 
This may be secondary to tumor progression in the vicinity 
of the cochlear nerve or devascularization of the cochlear 
nerve if surgical resection and/or radiation are performed.

 Radiation Therapy for NF2

Control of vestibular schwannoma growth by stereotactic 
radiosurgery (SRS) is not often recommended for patients 
with NF2, in part due to the remote risk of malignant trans-
formation and also secondary to the disadvantages of per-
forming radiation therapy on younger patients. Although 
data on SRS in NF2 are sparse, NF2 vestibular schwannomas 
respond less well to SRS than sporadic tumors in terms of 
long-term tumor control as well as hearing preservation. 
Several case reports suggest that SRS for meningiomas asso-
ciated with NF2 is more effective than SRS for non-NF2 
meningiomas.

As in sporadic cases, radiation to large tumors can lead to 
significant radiation side effects in the adjacent brainstem 
and cerebellum, including edema, ventricular obstruction, 
and resultant hydrocephalus. If salvage surgery is necessary 
following radiation, the surgical field is significantly more 
challenging and can occasionally prevent successful place-
ment of an ABI. Because of these considerations, radiation is 
generally considered only for patients who are poor surgical 
candidates or for those who refuse surgery. Still, when per-
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formed, radiation remains an effective treatment for vestibu-
lar schwannomas in NF2 [14].

 Surgical Management of Other Tumors in NF2

The management of spinal ependymomas and spinal schwan-
nomas in NF2 is dictated by symptomatology. Growing, 
symptomatic tumors may warrant surgical intervention, par-
ticularly if cord compression is present. Slow-growing or 
stable tumors may be imaged serially. Similarly, intracranial 
meningiomas in NF2 are resected if large and/or 
symptomatic.

 Medical Management of NF2

Medical management is considered for growing tumors in 
NF2 not amenable to surgical resection, including residual 
and recurrent tumors. Bevacizumab, a monoclonal antibody 
directed against the vascular endothelial growth factor recep-
tor, has been shown to slow and even reverse tumor growth 
in select patients. Its use has even been associated with hear-
ing improvement in certain patients. Long-term side effects 
include proteinuria and hypertension [15]. Additional agents 
currently under investigation include everolimus and lapa-
tinib among others.

 Conclusion

NF2 is an autosomal dominant syndrome characterized by 
bilateral vestibular schwannomas in addition to schwanno-
mas, meningiomas, ependymomas, and other tumors in the 
central and peripheral nervous system. Surgical management 
is performed for small tumors if hearing preservation is 
attempted; otherwise, it is reserved for large or growing 
tumors or tumors with nonserviceable hearing. Auditory 
brainstem implantation remains the mainstay of surgical 
hearing rehabilitation in carefully selected patients. Emerging 
medical therapies include the use of bevacizumab, with addi-
tional agents under investigation.
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18Prevention and Management of CSF 
Leakage Postoperatively

Jacob B. Hunter and George B. Wanna

 Introduction

All skull-base surgeons are well aware of the risk of postop-
erative cerebrospinal fluid (CSF) leaks. It is understood that 
incising the dura to access the cerebellopontine angle (CPA) 
will provide a path for CSF to flow from the high intracranial 
pressure (ICP) region to the low-pressure regions of the tem-
poral bone. Complicating this pressure differential is evi-
dence that suggests CSF pressure significantly increases 
following vestibular schwannoma (VS) surgery, normalizing 
within 48 h of surgery [1]. Furthermore, with the presence of 
a CSF leak, patients risk developing an intracranial infection. 
Allen and colleagues identified that 3.1% of all their lateral 
skull-base surgery patients developed postoperative menin-
gitis, calculating that a CSF leak increases a patient’s risk of 
developing meningitis by a factor of 10.2 [2]. Other groups 
have reported that untreated CSF leaks develop meningitis 
between 8% and 35% [3].

To avoid developing a postoperative CSF leak and its 
associated complications, many surgeons suggest taking the 
time and paying attention to detail throughout the entire pro-
cedure, including the surgical approach, tumor exposure, and 
resection. Nonetheless, a plethora of surgical techniques has 
been described and outcomes analyzed to best determine 
which method is best. While many factors contribute to the 

surgical approach—and no technique is without risk—these 
studies help surgeons to assess their own outcomes, manage 
complications, and provide appropriate counsel to patients 
regarding the risks of surgery.

 Overall Rates

Many studies have compared the rates of CSF leak among 
the three workhorse surgical approaches to the CPA: trans-
labyrinthine (TL), retrosigmoid (RS), and middle fossa 
(MF). In one of the largest literature reviews to date explor-
ing CSF leaks following VS surgery, Selesnick and col-
leagues identified close to 6000 patients among 37 studies 
(excluding those studies or patients that described combined 
approaches) and found a CSF leak rate of 9.5%, 10.6%, and 
10.6%, in TL, RS, and MF approaches, respectively, which 
were not significantly different [4]. In a more recent litera-
ture review, Ansari and colleagues looked at a number of 
additional factors and identified 35 studies, accounting for 
more than 5000 patients, and found that the RS approach led 
to CSF leaks significantly more frequently compared with 
the TL or MF approaches, 10.3%, 7.1%, and 5.3%, respec-
tively [5].

In a single institutional review that accounted for 300 
total surgeries (100 TL, RS, and MF approaches each), 
Becker and colleagues found no significant difference 
between approaches and CSF leaks, with rates of 13%, 10%, 
and 10%, respectively [6]. Crowson and colleagues reviewed 
282 patients who received surgery for VS, 13 of which had 
previously received radiation, and 12 of which had neurofi-
bromatosis type 2 (NF2), noting that TL approaches had the 
highest leak rate (12.4%) followed by RS approaches (9.2%) 
and MF approaches (6.5%), which were not significantly dif-
ferent [7]. Likewise, many other individual center studies, 
some reviewing as many as 1922 patients, found no signifi-
cant difference in CSF leak rates between surgical approaches 
[8–11].
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In 624 VS cases, Brennan and colleagues observed a CSF 
leak rate of 10.7% [12]. While they found that wound leaks 
occurred more frequently after TL approaches and otorrhea 
occurred more regularly after RS approaches, the leak rate 
was not different between approaches [12]. However, in 
another study, Fishman and colleagues compared their CSF 
leak rate over a 5-year period with a previous historical con-
trol data from their same institution [13]. Identifying 196 VS 
surgeries, the TL leak rate (5%) was significantly lower com-
pared to RS approaches (8.5%) and MF approaches (8.3%) 
[13]. Nonetheless, with innumerable variables that play a 
role in the development of CSF leaks—while universally we 
cannot state one technique leads to lower CSF leaks as com-
pared to others—one cannot ignore the results of single insti-
tutions or surgeons.

 Preoperative Issues

Many studies have looked at a multitude of preoperative fac-
tors in hopes of determining which patients might be at 
greater risk of developing postoperative CSF leaks. No con-
sensus exists as to the degree to which patient gender, age, 
extent of resection, laterality, or tumor size influences the 
development of CSF leaks.

While Copeland and colleagues found no association 
between gender and CSF leaks, Russel and colleagues found 
that men and younger patients were more likely to develop a 
CSF leak [14, 15]. They speculate that increased physical 
activities in the postoperative period in younger patients and 
men might hinder the cephalic venous blood to the heart, 
leading to disturbances in the absorption of CSF [15]. 
Similarly, Ludemann and colleagues found that men had 
higher leak rates, but they speculated that it might be due to 
greater mastoid pneumatization in men [16].

Assessing the role of age, Becker and colleagues found 
that patients older than 50 years of age were “suggestive of 
increased odds of CSF leak” [6]. However, Scheich and col-
leagues found no difference in CSF leak rates between those 
patients above and below 50  years of age following MF 
approaches [17]. Similarly, other groups have found that age 
is not related to CSF leak, in addition to Selesnick and col-
leagues’ large literature review [4, 14, 18, 19].

As for tumor size, many groups have found no association 
in individual studies [6, 7, 14, 17, 20, 21], and large literature 
reviews [4]. Other groups have reported conflicting informa-
tion. Ludemann reported that smaller tumors were more 
likely to lead to a CSF leak than larger tumors in RS 
approaches [16]. However, Slattery and colleagues found 
that larger tumors were at greater risk of developing postop-
erative CSF leaks [18]. Similarly, Brennan and colleagues 
found that tumor size mattered in RS approaches, as opposed 

to TL cases in which larger tumors were more frequently 
complicated by CSF leaks [12].

Despite the lack of a statistically significant association 
with laterality, Copeland and colleagues found a trend for 
right-sided tumors to have an increased risk of CSF leaks, 
speculating that prolonged retraction of the dominant sig-
moid sinus could result in occlusion and thus elevation in 
intracranial pressure [14].

Few groups have explored the influence of tumor resec-
tion, with Copeland and colleagues finding no association 
with CSF leaks [14]. Without specifying the reasons for 
reoperation, Stieglitz and colleagues observed that those 
patients who undergo reoperation have a significantly higher 
rate of CSF leaks compared with primary surgery, 11% ver-
sus 4.5%, respectively [22].

Copeland and colleagues found that body mass index 
(BMI), operative time, and TL approaches were all signifi-
cantly associated with developing a CSF leak [14]. 
Categorizing patients as overweight (BMI 25–29.9), obese 
(BMI 30–39), or morbidly obese (BMI ≥40), and comparing 
the group to normal weight patients, they found that those 
three groups of patients had a 2.5-fold, 3-fold, and 6-fold 
increased risk of developing a CSF leak, respectively [14]. In 
attempting to explain the role of BMI with CSF leaks, Russel 
and colleagues noted that patients with high BMIs may com-
plicate the procedure due to difficulty manipulating the 
patient’s head, CSF outflow disorders, and increased physi-
cal effort to conduct their daily activities following surgery, 
leading to an increase in CSF pressure [14]. However, while 
other groups have also identified that BMI is a significant 
predictor in developing CSF leaks as well as developing a 
brachial plexopathy [23], Diaz Anadon found no relationship 
between CSF leak and BMI in 163 patients [24].

Copeland highlights that patients with increased BMI 
have elevated intracranial pressure at baseline, with elevated 
intraabdominal pressure in obese patients translating “into 
higher intrathoracic and cardiac filling pressures, thus 
decreasing venous return from the brain and ultimately 
increasing intracranial pressure” [14, 25]. Others have sug-
gested that increased estrogen production from adipose tis-
sue may play a role, with identification of high estrogen 
levels “in the CSF of obese patients with intracranial idio-
pathic hypertension” [26]. In addition, obstructive sleep 
apnea, causing hypoxia and hypercapnia, may lead to cere-
bral vasodilation and ICP elevation [27, 28].

As to the association with operative time, which is sup-
ported by Russel and colleagues, groups speculate that lon-
ger cases may lead to surgeon fatigue and/or accumulation of 
blood and proteinaceous debris in the CSF, contributing to 
poor closure and/or a transient communicating hydrocepha-
lus [14, 15]. However, Arlt and colleagues found no correla-
tion between operative times and rates of CSF leak [20].
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Crowson and colleagues included a small number of NF2 
patients in their institutional review as well as a few patients 
who had previously received radiation, observing that 
patients with NF2 did not have a significantly higher CSF 
leak rates (8.3%) compared with those without NF2 (10.4%) 
[7]. Likewise, there was no significant difference in the CSF 
leak rate between those patients who had preoperative ste-
reotactic radiosurgery and those who didn’t (7.7% and 
10.4%, respectively) [7].

In those patients requiring combined surgical approaches, 
data suggest that those patients are more likely to develop 
CSF leaks compared with TL, RS, or MF approaches alone. 
In their review of more than 300 patients, Bryce and col-
leagues found that those patients who underwent a combined 
TL-MF approach had an overall leak rate of 13.4%, with sur-
gical repair needed in 6.2% of patients and meningitis devel-
oping in 5.3% of patients [21].

Some studies have even explored placing a lumbar drain 
(LD) preoperatively. Nonaka and colleagues reviewed their 
experience of preoperatively placing an LD in 410 VS 
patients prior to surgery, reporting a CSF leak rate of 7.6% 
[29]. Bien and colleagues provided an additional case series 
of 78 patients who had an LD placed preoperatively in 
patients undergoing skull-base surgery compared with those 
patients who had no LD placement, noting a reduction in the 
CSF leak rate from 35% to 12% when an LD was placed 
[30]. LDs are not without complications that include CSF 
over-drainage, meningitis, and pneumocephalus, which will 
be discussed later [31].

In Crowson and colleagues’ review, they sought to assess 
the role of the preoperative use of an LD prior to surgery [7]. 
Reviewing 282 patients who had VS resections with all three 
approaches, 78.0% had a preoperative LD, generally left for 
1 day following an RS approach, and never more than 5 days 
[7]. In total, 29 patients (10.3%) had a CSF leak, 38.0% of 
which occurred during their operative admission [7]. Of 
those who had no LD placed, 14.5% developed a CSF leak, 
compared with 9.1% who had a preoperative LD placed 
(p = 0.24) [7]. They caution that preoperative use of an LD 
should be avoided if the goal is to prevent a CSF leak [7].

 Translabyrinthine Approach

While several studies have demonstrated no significant dif-
ference in CSF leak rates among the various approaches, 
closing TL approaches provides unique challenges with dif-
ficulty reapproximating the dura given the angle of approach. 
As a result, a plethora of techniques can minimize the risk of 
CSF leak following TL approaches.

While initial techniques used muscle to close TL defects, 
Glasscock and colleagues found that muscle could be very 
small in some women, prompting them to use abdominal fat 

[32]. However, Montgomery and colleagues first introduced 
the fat graft several years earlier in 1966 to reduce the risk of 
CSF leaks following CPA surgery [33]. It wasn’t until 1982 
that House and colleagues described using strips of fat, 
opposed to one large fat graft [34].

Emphasizing the importance of fat, Wu and colleagues 
published their outcomes in 277 patients who underwent TL 
VS resections with the evolution of three different closure 
techniques [35]. In one method, they used a piece of fascia 
lata to cover the dural defect along with tissue glue, followed 
by several pieces of fat on the fascia, and reported a CSF leak 
rate of 28.2%, 7.7% of which required reoperation [35]. In 
the second method, they created a large musculoperiosteal 
flap to compress the fat in addition to their previous method, 
which did not change the CSF leak rate [35]. However, when 
they removed the fascia in the last group—placing the fat 
directly into the operative field and closing with a musculo-
periosteal flap as well as not placing any glue—the CSF leak 
rate was reduced to 7.4%, with a 3.7% reoperation rate [35].

Thinking that counterpressure to the fat may reduce CSF 
leak rates, researchers and surgeons conducted studies that 
describe a number of techniques to provide such counterpres-
sure. Bambakidis and colleagues initially reported their expe-
rience with their first 15 patients with titanium mesh and 
hydroxyapatite (HA) cranioplasty following a TL approach, 
with no reported complications [36]. In a later study from the 
same center, Manjila and colleagues reported no CSF leaks in 
27 more patients, though they didn’t report a length of follow-
up [37]. In a larger cohort but describing a similar technique 
in using a titanium mesh, Fayad and colleagues utilized a tita-
nium mesh cranioplasty after TL approach in 389 patients, 
reporting a leak rate of 3.3%, which was significantly less 
than two other cohorts from the same center [38].

Nonetheless, published and anecdotal accounts caution 
against too much fat. Chen and colleagues describe three 
cases in which their fat graft prolapsed into the CPA, causing 
brain stem compression and leading to neurological deterio-
ration [39]. These were identified on postoperative days 1, 3, 
and 1, respectively, with two patients able to follow com-
mands following removal of some fat [39].

With concerns about cost and infection with a titanium 
mesh, Hillman and Shelton previously described the use of a 
resorbable plate following a TL approach in 71 patients, 
reporting a 12.7% leak rate, with no surgical site infections 
[40]. However, in comparing their sample with 149 consecu-
tive patients who were closed with a fat graft alone, they 
found no significant differences in CSF leak rates, LD place-
ments, or surgical revisions [40]. In comparing their experi-
ence with Fayad and colleagues, they questioned if the 
resorbable plate was not as effective at creating counterpres-
sure compared with titanium mesh, or whether subtle 
 technical variations between groups account for the differ-
ences [40].
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However, in a later study also using a resorbable mesh, 
Hunter and colleagues reported their CSF leak outcomes of 
53 patients who underwent TL approaches for VS, packing 
the middle ear with muscle and Surgicel®, utilizing a dural 
substitute to reconstruct the posterior fossa and internal audi-
tory canal (IAC) dura, followed by an abdominal fat graft 
and a resorbable mesh plate, which can be warmed to 
increase compression, followed by a multilayered closure 
(Fig. 18.1) [41]. While they reported a CSF leak rate of 1.9%, 
they compared their technique with 1441 prior TL approaches 
from their same institution, all closed with a traditional fat 
graft closure without mesh, and a CSF leak rate of 11.6%, 
noting that their technique with the resorbable mesh led to a 
significant reduction in their institution’s CSF leak [41]. 
Looking at subtle technical differences in regard to the case, 
they also found no difference in CSF leak rates in those 

patients who had a posterior tympanotomy and those who 
didn’t [41]. In a subsequent study to determine whether the 
resorbable plate method was cost-effective, Chern and col-
leagues reported that the technique was indeed, noting that 
any cranioplasty exceeding approximately $5000 is not cost- 
effective [42].

In another technique, groups have used HA cement with 
and without titanium mesh. Arriaga and Chen describe clos-
ing patients with a HA cranioplasty, with their first report 
noting a reduction of their CSF leak rate from 12.5% to 3.7% 
in 54 patients when compared to a cohort where only autolo-
gous fat was used [43]. Interestingly, in the first seven 
patients of their cohort, they placed HA cement over the 
dural defect, filling the remaining mastoid cavity with HA 
cement [43]. With a CSF leak developing in two of these 
patients, they modified their technique to place an abdominal 

a b c
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Fig. 18.1 Resorbable mesh cranioplasty. (a, b) Images demonstrate a 
trimmed and molded resorbable mesh prior to placement. (c) The 
resorbable mesh is shown in situ, with an arrow pointing to one of sev-
eral screws used to secure the mesh to the patient. (d, e) Axial T1 MR 

images 3 and 12 months postoperatively, respectively, from a left trans-
labyrinthine craniectomy for a vestibular schwannoma. The arrows 
highlight the resorbable mesh
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fat graft through the dural defect, leaving the fat medial to 
the mastoid antrum and vertical segment of the facial nerve, 
and filling the remainder of the cavity with HA cement [43]. 
They then placed a suction drain lateral to the cement, reap-
proximating the skin, and removing the drain the next day 
[43]. They noted that one patient developed a delayed wound 
infection 1 year after surgery, requiring them to remove the 
cement, but no CSF was encountered. Another patient devel-
oped a seroma, which resolved with pressure dressing [43]. 
They also mention that, at that time, HA cements cost about 
$80 per gram, with an average need of 25 grams to fill the 
mastoid cavity [43], but they rationalize that a reduced CSF 
leak with their technique, reducing the need for further hos-
pitalizations and treatment, justifies their costs [43].

With concerns that HA can lead to infections in skull-base 
surgery or injure the facial nerve [44–47], the same centers 
retrospectively reviewed their long-term experience in using 
the HA cement cranioplasty with an abdominal fat graft to 
close the surgical defect following a TL approach [48]. The 
centers summarize the results of three surgeons, none of 
whom open a posterior tympanotomy, though some pack the 
antrum and retrofacial air cells with muscle and others pack 
the eustachian tube (ET) antrum with alternating muscle and 
Surgicel® [48]. They found an incidence of either CSF leak 
or infection of 1.9%, or combined 3.8%, among 369 patients 
[48]. They found that their complication rate is consistent 
with previously published HA cement cases, with complica-
tion rates from 3.4% to 7.7% [45, 47, 49].

While many of these studies have concentrated on using 
fat and a variety of techniques to provide counter pressure, 
several other studies have looked at subtle technical differ-
ences that may account for differences in CSF leak rates. 
Glasscock and colleagues describe amputating the head of 
the malleus and placing it in the ET, filling the entire middle 
ear with muscle [32]. Cueva and Mastrodimos open a poste-
rior tympanotomy and pack the ET with the incus and small 
pieces of muscle in the middle ear [50]. In a separate study, 
Jacob and colleagues assessed their experience at packing 
the ET with Proplast®, a polymer of polytetrafluoroethylene 
and carbon filaments, finding that there was no significant 
difference in CSF leak rates between those patients who had 
the ET packed and those who did not but found that the 
Proplast® extruded in 3.3% of patients, leading to delayed 
purulent otorrhea [10]. In a different study, Saliba and col-
leagues sought to assess the incidence of CSF rhinorrhea 
after systematic obliteration of the ET following a TL 
approach [51]. Opening a posterior tympanotomy and 
removing the incus, the ET is obliterated with musculoperi-
osteal fragments, bone wax, fibrin glue, and Surgicel®, fol-
lowed by placement of “hashed abdominal fat,” mixed with 
fibrin glue, which is injected into the middle ear and sur-
rounding air cells of the IAC [51]. They compared their mod-
ified technique with another technique in which the ET is not 

packed. While there was no significant difference in CSF 
leaks between groups, the modified technique demonstrated 
no CSF rhinorrhea [51]. Six cases were seen in the original 
technique.

Goddard and colleagues reported a 0% CSF leak rate 
following TL approaches in 61 patients over a mean fol-
low-up period of 31.3  months [52]. They did not open a 
posterior tympanotomy, left the incus in place, and packed 
the middle ear with temporalis muscle [52]. Further pack-
ing any exposed air cells with more muscle, they placed a 
larger piece of muscle just lateral to the incus, laying a fas-
cia graft across laterally, followed by an abdominal fat graft 
[52]. While they did not report one CSF leak, they did note 
that one patient develop an abdominal graft harvest site 
infection [52].

Netto and colleagues assessed the role of a biosynthetic 
dura, performing a retrospective review of 34 patients under-
going VS removal with either the TL approach or the enlarged 
TL approach [53]. Eighteen of the patients had the dura 
closed with abdominal fat, while 16 had the dura closed with 
biosynthetic dura plus abdominal fat [53]. Both techniques 
obliterated the ET with the incus, and the middle ear was 
packed through the assistance of a posterior tympanotomy 
with muscle. While a musculoperiosteal flap was placed over 
the layered fat strips, which were carefully placed over the 
posterior fossa in the first procedure, in the second proce-
dure, two layers of a synthetic dural substitute made from 
porcine small intestinal submucosa were placed under the 
bone medial to the sigmoid sinus, replacing the posterior 
fossa dura [53]. Fibrin glue was then used to seal the dural 
substitute to the bone, with fat placed medial and lateral to 
the dural substitute, followed by two more strips of dural 
substitute covering all the abdominal fat [53]. They had one 
CSF in each group, with an incisional leak in the first group, 
managed conservatively by oversewing it, while the patient 
in the second group developed significant drainage on post-
operative day 2, with incisional drainage as well as otorrhea; 
thus, an LD was placed, along with the administration of 
acetazolamide [53]. The drain was removed after 4 days, the 
patients were observed for 3 more days, and they were dis-
charged with acetazolamide for 15 more days, with both 
patients demonstrating no further leakage after 1 year [53]. 
While the authors found no difference in CSF leak rates 
between procedures, they emphasize that obliterating the 
middle ear with small pieces of muscle is key in avoiding 
CSF leaks [53].

In response to Mangus and colleagues’ review, Ben 
Ammar and colleagues noted that muscle can atrophy and fat 
can dissolve, so they pack the middle ear with dry perios-
teum [54]. In one of the larger single institutional studies to 
date, Merkus and colleagues report a CSF leak rate of 0.8% 
following 1803 patients who underwent TL approaches for 
VS, emphasizing that they do not open a posterior tympa-
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notomy. Instead, they obliterate mastoid air cells soon after 
they are opened as closure becomes more difficult once CSF 
comes in contact with them. The middle ear and attic are then 
packed with dried periosteum harvested at the beginning of 
the case [55]. From the same center, Falcioni and colleagues 
emphasized closing the attic with periosteum along with 
conserving the “fascioperiosteal flap,” removing “the incus 
in a correct way,” and “fixing the skin flap to the underlying 
surface”—all keys to reducing CSF leaks [56]. While the 
topic of temporal bone pneumatization is discussed in RS 
approaches, Kalamarides and colleagues commented that if 
the temporal bone was highly pneumatized on a preoperative 
CT scan, the canal was overclosed (Fig.  18.2) and the ET 
was obliterated [57].

 Retrosigmoid Approaches

In comparison with the TL approach, the RS approach usu-
ally provides the opportunity to primarily close the dura. 
Nonetheless, many practitioners caution that pneumatization 
of the temporal bone may play a significant role in determin-
ing who develops a CSF leak, with opened air cells providing 
a path for CSF. Rhoton and colleagues even postulated that 
air cells in the posterior wall of the IAC, which he termed 
“posteromedial cells,” were influential in the development of 
postoperative CSF rhinorrhea [58]. Despite these issues, 
many groups report CSF leak rates from 2.2% to 9.2% [12, 
13, 16, 38, 50, 59].

In 24 patients, Azad and colleagues describe their IAC 
closure technique following an RS approach, taking autolo-
gous fat graft, placing it over the IAC, covering it with 
Surgicel® to secure the graft, and then reinforcing with fibrin 
glue [44]. The dural defect is closed with 4–0 Nurolon 
sutures, with muscle or fat placed to ensure a watertight seal, 
followed by waxing of any retromastoid air cells [44]. More 
autologous fat is placed, followed by a Medpor® titanium 
implant and multi-layered closure.(Azad) After a mean fol-
low- up time of 20.6  months, they reported no CSF leaks, 
meningitis, or pseudomeningocele formation [44]. They 
highlight that “preventing CSF leakage is the most effective 
method of avoiding and minimizing postoperative complica-
tions” [44]. They also mention that fat is an ideal material for 
the IAC defect, as it is easy to apply, contouring the defect, 
“and remains insert as a long term implant into the defect” 
[44]. However, they admit that infections associated with fat 
have been reported and that revascularization of the fat graft 
ensures long-term protection [60, 61].

Ludemann and colleagues describe their outcomes in 420 
patients who underwent RS approaches, sealing opened air 
cells with muscle in 238 patients or fat from around the inci-
sion in 137 patients [16]. They fixed all plugs with fibrin 
glue, reporting CSF leak rates of 2.2% and 5.7% with fat and 
muscle, respectively, which was not statistically significantly 
different, though men (5.6%) had CSF leaks more frequently 
than women (3.4%) [16]. They admit that the surgeries using 
fat were performed after those that utilized muscle, thus the 
learning curve of the surgeon could account for the differ-
ence [16]. Despite the finding that larger tumors tend to have 
fewer CSF leak rates than smaller tumors, they found that the 
largest tumors had a higher rate of leaks [16].

With Fishman and colleagues showing that their TL 
approaches had significantly fewer CSF leaks compared to 
the other approaches, they postulated that use of a Palva 
 periosteal flap, or “saloon door” flaps, over the petrous bone 
in retrosigmoid approaches as well as paying attention to air 
cell tracts led to the decrease in CSF leak rates [13]. They 
note that the Palva periosteal flap provides counterpressure 
to the abdominal fat graft in TL approaches and that a tem-
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Fig. 18.2 Demonstration of a modified Rambo ear canal overclosure. 
(a) A right ear canal has had all squamous epithelium removed, with 
lateral elevation of the tragal skin. (b) Fat is harvested and placed within 
the ear canal. (c) Tragal skin is sutured to the conchal bowl skin
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poralis free graft is incorporated into RS dural defects to cre-
ate a watertight seal [13]. They seal all with fibrin glue to 
avoid malpositioning [13].

Arlt and colleagues reviewed 81 patients who had multi-
layered dural closures following RS approaches [20]. With at 
least 1 year of follow-up, 41 patients were sealed with the 
“sandwich technique,” with TissueFleece® and Spongostan® 
placed in the subdural space, followed by closure of the dura 
and placement of Tachosil®, a patch with fibrinogen and 
thrombin, over the sutured dura [20]. In a comparison group 
of 40 patients, only the epidural Tachosil® was placed [20]. 
With the surgeon determining at the time of surgery which 
technique was to be used, they found no difference between 
the techniques, with three CSF leaks found in patients receiv-
ing the sandwich technique and four in the monolayer tech-
nique [20].

Arlt and colleagues emphasize that it is necessary to have 
a watertight dural closure following RS approaches [20]. 
Hardy and colleagues obliterated all exposed air cells with 
fat or bone pate and replaced the dural flap, which was rein-
forced with fascia lata and fibrin glue [62]. Cueva and 
Mastrodimos emphasized waxing the mastoid air cells prior 
to opening the dura while the exposed air cells around the 
IAC are waxed following tumor removal [50]. Other tech-
niques include using HA bone cement, muscle or fat (with 
or without fibrin glue), or Tachocomb® [59, 63]. Baird and 
colleagues describe a technique using HA cement to recon-
struct the drilled IAC, reporting an incisional CSF leak rate 
of 7.7% in 280 patients compared with 6.7% in a control 
group [63]. Arlt and colleagues also caution that using mus-
cle in the IAC might make it difficult to differentiate rem-
nant or recurrent tumor on follow-up magnetic resonance 
imaging [20].

Further supporting the role that air cells play in the devel-
opment of CSF rhinorrhea, Hoffman and colleagues showed 
that failing to drill the posterior wall of the IAC reduced the 
incidence of CSF leaks to 0% [19]. Thus, given the role air 
cells play in CSF leaks following RS approaches, Stieglitz 
and colleagues looked at how petrosal air cells may influence 
CSF leaks [22]. In reviewing 22 patients with CSF leaks and 
comparing them with 78 control patients, they assessed pre-
operative CT scans and found that smaller tumors showed 
more pneumatization of the posterior wall of the IAC com-
pared with larger tumors [22]. However, they noted that 
pneumatization in the posterior wall was present in 26.1% of 
patients with CSF leaks compared to 28.6% in those without 
(Fig. 18.3). While temporal bones had pneumatized posterior 
walls more frequently in smaller tumors compared to larger 
tumors, 34.9% and 24.1%, respectively, the authors theo-
rized that larger tumors might obliterate air cells by widen-
ing the IAC [22]. The pneumatization rates have been 
supported by other studies, with Lang and Kerr noting that 
22% of patients had pneumatized posteromedial air cells in a 

cadaver study, while Yamakami and colleagues found pneu-
matization in the posteromedial wall in 17% of 168 patients 
[64, 65]. However, running counter to their argument, 
Stieglitz and colleagues admit that their CSF leak cohort and 
control groups had similar ratios of smaller and larger tumors 
[22]. They also recognize that smaller tumors tend be located 
within the IAC, thus requiring more extensive drilling of the 
posterior wall, which has also been observed by a number of 
other studies and could contribute to increased CSF leaks [6, 
13, 20, 22, 56].

 Middle Fossa Approach

CSF leaks following the MF approach are the result of either 
leaking through the fundus of the IAC laterally or opening 
into air cells in a well pneumatized temporal bone. Various 
studies report CSF leak rates following MF approaches, 
ranging from 4% to 19% [4–6, 8, 11, 13, 18, 66, 67].

In another study, Scheich and colleagues report their out-
comes of 203 patients who underwent MF approaches with 
at least 12  months minimum follow-up [68]. After tumor 
removal, they plug the IAC defect with temporalis muscle, 
followed by fibrin glue, covering all open air cells with bone 
wax or fibrin glue, replacing the craniotomy bone plate and 
muscle flap, and placing a subcutaneous suction drain and 
soft pressure dressing [68]. Including patients as old as 
78 years of age, they reported a CSF leak rate of 12.8%, all 

Fig. 18.3 Preoperative axial CT temporal bone image in a patient with 
a left vestibular schwannoma, with a red circle highlighting the lack of 
pneumatization of the temporal bone posterior to the left internal audi-
tory canal
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but one of which presented as rhinorrhea beginning 1–7 days 
after surgery [68]. The CSF leaks were self-limiting in 69% 
of cases after a median of 4 days, though 5 patients required 
an LD and three required revision surgery [68]. Like the RS 
approach, Schiech found that the presence of pneumatized 
mastoid air cells correlated with CSF leakage [17]. Cueva 
and Mastrodimos, similar to their closure technique follow-
ing an RS approach, wax all exposed bone on MF approaches 
and place a fascia graft, if the middle ear is entered, and 
either fat or absorbable gelatin foam on top of the fascia graft 
[50]. Weber and Gantz place a temporalis muscle plug and 
fascia graft, followed by a bone graft [69].

 Other Approaches

As mentioned previously, beyond the three workhorse 
approaches to the IAC and CPA, other approaches are 
thought to lead to increased CSF leaks. In regard to closure 
techniques, in presigmoid-retrolabyrinthine approaches 
(Fig.  18.4), Cueva and colleagues describe using a large, 
5-cm areolar temporalis fascia graft, double layering the 
graft over the antrum and bony ear canal, protecting the mid-
dle ear and ossicles, and placing the fat graft into the mastoid 

cavity [50]. Likewise, in the far lateral transcondylar 
approach, other authors utilize a large areolar temporalis fas-
cia and a cuff of muscle from the mastoid tip, followed by 
interrupted woven 4-0 nylon sutures in an attempt to primar-
ily close the dura. They then place fascia over the exposed 
dura, waxing all exposed mastoid air cells, followed by an 
abdominal fat graft, buttressed by the posterior belly of the 
digastric muscle [50].

 Management Options

With numerous reports detailing many different techniques 
in hopes of preventing CSF leaks, they still occur and will 
continue to occur. With CSF leaks, patients are at risk for 
meningitis, which is thought to be the second most common 
complication after VS surgery, occurring in 1–7% of cases 
[66, 70]. Conservative measures include bed rest, head eleva-
tion, fluid restriction, pressure dressings, acetazolamide, and 
suturing incisional leaks. However, there is no agreement as 
to how long one should maintain conservative measures, let 
alone acetazolamide doses and frequency. Becker and col-
leagues kept patients on acetazolamide for 1  month after 
resolution of the CSF leak [6]. Several studies have assessed 
the success rate of conservative measures based on the pre-
senting symptoms or initial approach. Mangus and col-
leagues found that only 10% of 115 incisional CSF leaks 
required more than conservative management compared to 
59% of those patients who presented with CSF rhinorrhea 
[11]. Brennan and colleagues found that patients with rhinor-
rhea following TL approaches required surgery “signifi-
cantly more often than RS leaks” [12]. In Selesnick and 
colleagues’ large review of the literature for the best man-
agement of CSF leaks, they concluded that incisional leaks 
are best managed with pressure dressings, head of bed eleva-
tion, bed rest, and resuturing the surgical incision as well as 
an LD, with rhinorrhea requiring surgical intervention, with 
no specific technique superior to another [71].

Some believe that LD placement is a conservative mea-
sure, with some studies reporting success rates of an LD in 
57–90% of cases [71, 72]. Allen and colleagues retrospec-
tively reviewed 508 transdural lateral skull-base cases, 63 of 
which required subarachnoid drainage in an attempt to man-
age CSF leaks [73]. As a protocol, in addition to the LD, 
patients with CSF rhinorrhea or otorrhea received a pressure 
dressing, head elevation, and bed rest, with CSF drainage 
every 4  h, 10–15  mL/h, over 5  days [73]. While the CSF 
leaks were found an average of 5 days after surgery, ranging 
from 0 to 24 days, their protocol was successful in 76.2% of 
patients, significantly more so after TL approaches (90%) 
compared to RS approaches (50%) [73]. In regard to present-
ing symptoms, drainage was successful in all patients who 
had incisional leakage compared to 71.1% in those patients 

Fig. 18.4 Postoperative axial CT temporal bone image from a patient 
who underwent a left presigmoid-retrolabyrinthine approach to remove 
a trochlear schwannoma. The dura was closed primarily, followed by 
placement of a fat graft within the antrum, and bony plate from the 
mastoid cortex was harvested (red arrow) and wedged into the antrum, 
followed by more fat. The patient did well postoperatively, with no evi-
dence of cerebrospinal fluid leak
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with CSF rhinorrhea and 55.6% in those with CSF otorrhea 
[73]. Hardy and colleagues performed lumbar punctures 
daily in all patients postoperatively for 3–5 days with a CSF 
leak rate of 13% in the first 100 cases, all of which occurred 
in the first 42 patients [62]. In the subsequent 188 patients 
following a change in wound closure protocol, which they 
detail, they reported only two cases of rhinorrhea, both of 
which required reexploration, and a third patient requiring an 
LD for an incisional leak, with a CSF leak rate of 1.6% [62].

However, as highlighted earlier, LDs are not without 
risks. In Allen and colleagues’ study, complications included 
headaches in 28.6% of patients, nausea and vomiting in 
22.2%, meningitis in six patients, along with premature cath-
eter dislodgement in three cases, and a retained catheter in 
the lumbar thecal sac, requiring a lumbar laminectomy [73]. 
In addition, one patient had the stopcock dislodge, which 
was noted after the patient was found unconscious, recover-
ing after the LD was closed [73]. Of those with meningitis, 
half were diagnosed after the LD was placed (diagnosed an 
average of 18.2  days following surgery) [73]. They also 
found no difference in the timing of diagnosing the CSF leak 
and the success of the LD [73]. Other complications have 
included severe neurologic deterioration, tentorial hernia-
tion, and tension pneumocephalus [74].

In Crowson and colleagues’ review, they observed that 
the length of stay was significantly longer when a CSF leak 
occurred—9.8 versus 5.7 days without a CSF leak [7]. They 
noted a 5.32% complication rate, with five LDs falling out 
early, three leaking, two overdrained, and individual cases of 
a retained tip requiring a laminectomy, a clotted off lumbar 
drain, and a positive culture [7].

But like acetazolamide dosing, there is no agreed upon 
protocol for LD management. Following their RS series, Arlt 
and colleagues would place an LD for 5 days if a CSF was 
noted, draining 150–250 mL/day, but if leakage continued by 
day 3, a second operation was performed [20]. Stieglitz 
report draining between 150 and 200 mL in 24 h [22]. If after 
7 days the leak persists, patients underwent surgical revision 
[22]. Sheich and colleagues drain 10  mL/h, not exceeding 
250 mL/day, clamping the day prior to removal [17].

Kalamarides and colleagues treated all patients with CSF 
leaks with two lumbar punctures, with all opening pressures 
recorded; thus, 30 mL of CSF was discarded when the CSF 
pressure was above 15 cm H2O, while 15 mL was discarded if 
less, along with daily acetazolamide at 750  mg orally for 
7 days [57]. Six patients required a third lumbar puncture if 
the leak persisted, with surgical revision planned if the con-
servative treatment failed after 3 days [57]. They found that 
CSF leaks presented on average 7 days after the procedure, 
ranging from postoperative day 2 to 21, with patients whose 
CSF leak resolved having significantly higher mean initial 
CSF pressures compared to those that failed (18 cm H2O ver-
sus 8 cm H2O) [57]. While Lazard and colleagues were unable 

to compare opening CSF pressures, they noted in their twelve 
CSF leaks that the mean opening CSF pressure was 24 ± 5 cm 
H2O, reflective of intracranial hypertension [9]. Nonetheless, 
Lazard and colleagues report that all their leaks resolved with 
multiple lumbar punctures, between two and three, along 
with acetazolamide at 500 mg by mouth daily for 5 days and 
wound closure reinforcement [9]. All but one patient’s CSF 
leak resolved with this algorithm, with one patient requiring a 
lumbar peritoneal shunt on postoperative day 13 [9].

Becker and colleagues place a lumboperitoneal drain if an 
incisional leak does not resolve with an LD, differentiating 
those patients with CSF rhinorrhea and noting that those 
with “sniffles” (thought to be low volume leaks) can be 
treated differently from those patients with copious drainage 
[6]. In the latter, they placed an LD for 3 days, while in the 
former, they are conservatively managed with acetazolamide 
and without an LD [6]. Furthermore, those patients who pre-
sented with CSF leaks after postoperative day 4 were treated 
with immediate LD placement [6].

Russel and colleagues identified 275 patients who under-
went TL approaches, reporting a CSF leak rate of 12.0% 
[15]. They found that resuturing the wound was effective in 
15.1% of cases, an LD in 24.2%, and surgical revision to 
obstruct the petromastoidectomy in 60.6%, with 25% of sur-
gical revision cases requiring at least one more surgical 
attempt to stop the CSF leak [15]. Mamikolgu and colleagues 
reported their outcomes of 81 patients with VS larger than 
3 cm, all of whom underwent TL approaches, with a 17% 
CSF leak rate, all of which were managed with pressure 
dressings and/or lumbar punctures or drains [75]. In regard 
to MF approaches, revision surgery rates are between 0% 
and 2% [6, 66, 76, 77].

 Recalcitrant Cases

Despite the variety of approaches and techniques to prevent 
a CSF leak as well as the protocols and practices used to fix 
such a leak, CSF leaks have still persisted despite multiple 
attempts at LD and surgical revision (Fig. 18.5). Generally, 
surgical revision entails overclosing the ear canal and plug-
ging the ET. Some authors have suggested reexploring the 
closure or placing more abdominal fat. However, several 
studies have demonstrated that some patients need multiple 
surgical revisions, with Mangus and colleagues noting that 
21% of those treated surgically required a second interven-
tion [11, 13, 19, 21]. One such technique is overclosing the 
ET from the nose. First described by Kwartler and colleagues 
in 1996, they scarified the lumen of the ET with a middle ear 
rasp and packed it with autologous muscle, infolding the 
mucosal flaps and cauterizing the outer surface, covering it 
with an absorbable gelatin sponge and leaving posterior 
nasal packing for 5 days [78].
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Fig. 18.5 Postoperative axial CT temporal bone image in a patient 
who had a left translabyrinthine craniectomy for a vestibular schwan-
noma. Postoperatively, the patient developed rhinorrhea, consistent 
with cerebrospinal fluid. The images demonstrate a well-aerated petrous 
apex as well as continued aeration near the eustachian tube. The patient 
returned to the operating room where the eustachian tube orifice was 
enlarged to better facilitate packing with muscle. The patient has done 
well postoperatively, with no evidence of cerebrospinal fluid leak

Orlandi and Shelton describe a modification, cauterizing 
the inferior 2–3 mm of the ET orifice and closing the orifice 
with a 4-0 monofilament suture with two passes [79]. In a 
more recent study, Lemonnier and colleagues summarized 
their results in nine patients who presented with CSF rhinor-
rhea following lateral skull-base surgery, managed with endo-
scopic endonasal closure of the ET [80]. Lemonnier and 
colleagues describe microdebriding the distal ET circumfer-
entially, followed by circumferentially cauterizing the ET at a 
depth of 3 mm, obliterating the proximal portion of the ET 
with an acellular dermal graft, and closing the orifice with a 
3-0 Vicryl suture and occasionally as many as three sutures 
[80]. They reported that seven patients had successful closure, 
with two requiring revision, both of which underwent a failed 
revision endoscopic closure; thus, they underwent definitive 
treatment via either an RS or TL approach [80]. In a variation 
in these techniques, Sataloff and colleagues describe incising 
the ET mucosa at a depth of about 1 cm with a Rosen knife 
with palatal retraction, everting the mucosa, excoriating the 
inner surface with a rasp, and placing a purse-string suture 
circumferentially around the ET in five cases [81].

In another recalcitrant CSF leak, Glasscock and col-
leagues describe removing the osseous portion of the ET 
down to the isthmus via a MF approach, removing the 

mucosa and tensor tympani muscle, and placing orthopedic 
bone glue into the ET [32]. In a similar approach, Grant and 
colleagues describe a transcochlear approach to repair per-
sistent CSF leaks in four separate cases, drilling out and 
packing air cell tracts medial to the cochlea with bone wax as 
well as placing Proplast® into the ET [82]. In two patients 
with failed endoscopic closure of their ET, Netterville and 
colleagues have performed a transglenoid approach to the 
ET in persistent CSF leaks [83], drilling the isthmus and 
occluding it with Hydroset® (personal communication).

 Conclusion

Ultimately, while no substantial conclusions can be made on 
the surgical approach, patient preoperative factors, or intra-
operative techniques, no additional agreement exists as to 
how they are best managed if they do occur. While it is gen-
erally thought meticulous surgical technique, from the inci-
sion to the final stitch, minimizes the risk of developing a 
CSF leak, and surgical techniques will continue to be 
explored, patients undergoing CPA surgery need to be coun-
seled that the risk of developing a CSF leak remains, along 
with concomitant complications of meningitis and managing 
such a leak.
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Various benign and malignant neoplasms can involve the 
temporal bone and extend to adjacent areas of the skull base. 
The rarity of these neoplasms and the unfamiliarity of pri-
mary care physicians with both the disease and its manifesta-
tions can delay diagnosis. Dealing with lesions that originate 
in the temporal bone and extend into the cerebellopontine 
angle (CPA) presents a formidable challenge to surgeons and 
clinicians in terms of appropriate counseling, prediction of 
deficits, and choice of a treatment modality to achieve favor-
able and realistic outcomes. These lesions often present in an 
advanced stage. As the size of the tumor increases, it com-
presses, distorts, or infiltrates adjacent nerves and vessels. 
The onset of symptoms is often gradual, and the time course 

depends on the location of the lesion. The histological sub-
type and biological behavior of tumors are also paramount in 
the choice of a treatment modality and in patient counseling. 
The treatment of these lesions involves a multidisciplinary 
team that includes a neurosurgeon, neurotologist, neuroradi-
ologist, radiation oncologist, otolaryngologist/reconstructive 
surgeon, audiologist, and ancillary team, such as a vestibular 
and speech therapist.

 Differential Diagnosis

The differential diagnosis of lesions of the temporal bone 
mirrors that for lesions of the CPA in general. In this chapter, 
we divide the temporal bone into the regions corresponding 
to the apex and petroclival junction, medial surface, superior 
surface, inferior surface, and middle and lateral surfaces 
(Table 19.1, Figs. 19.1, 19.2, 19.3, 19.4, 19.5, and 19.6). The 
medial surface contains the internal auditory canal, posterior 
fossa dura, and endolymphatic sac. The superior surface con-
tains the floor of the middle cranial fossa. The inferior sur-
face contains the jugular foramen and its contents. The 
middle and lateral surfaces contain the middle ear cleft, mas-
toid portion, and external auditory canal (EAC).

This chapter reviews common lesions that arise within the 
boundaries of the petrous bone and that extend medially to 
involve the CPA and its vicinity. Malignant neoplasms aris-
ing from more lateral areas of the temporal bone and extend-
ing into the CPA tend to be advanced, and their prognosis is 
usually poor. Benign neoplasms are likewise advanced and 
extensively involve the contents of the temporal bone. Their 
surgical resection is laborious and often incomplete, neces-
sitating adjunctive treatment. Only lesions intimately 
involved with the temporal bone and not covered elsewhere 
in this book are reviewed.

N. F. Manzoor 
Department of Otolaryngology—Head and Neck Surgery and 
Neurological Surgery, University Hospitals Cleveland Medical 
Center, Case Western University School of Medicine,  
Cleveland, OH, USA 

T. Ostergard 
Carolina Neurosurgery and Spine Associates,  
Greensboro, NC, USA 

M. T. Semaan 
Otolaryngology—Otology, University Hospitals Cleveland 
Medical Center, Cleveland, OH, USA 

S. Mowry 
Department of Otolaryngology—Head and Neck Surgery, 
University Hospitals Cleveland Medical Center, Case Western 
University School of Medicine, Cleveland, OH, USA 

N. C. Bambakidis (*) 
Neurological Surgery, The Neurological Institute, University 
Hospitals of Cleveland, Case Western Reserve University School 
of Medicine, Cleveland, OH, USA
e-mail: Nicholas.Bambakidis2@UHhospitals.org 

C. A. Megerian 
University Hospitals Health System, Department of 
Otolaryngology-Head and Neck Surgery, Department of 
Neurological Surgery, Case Western Reserve University 
School of Medicine, Cleveland, OH, USA
e-mail: cliff.megerian@uhhospitals.org

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
N. C. Bambakidis et al. (eds.), Surgery of the Cerebellopontine Angle, https://doi.org/10.1007/978-3-031-12507-2_19

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-12507-2_19&domain=pdf
mailto:Nicholas.Bambakidis2@UHhospitals.org
mailto:cliff.megerian@uhhospitals.org
https://doi.org/10.1007/978-3-031-12507-2_19


246

Fig. 19.1 Neoplasm originating in the region of the petroclival junc-
tion and petrous apex can involve the CPA by medial and posterior 
extension. C cochlea, CPA erebellopontine angle, EAC external audi-
tory canal, ET eustachian tube, SCC semicircular canals, VII/VIII cra-
nial nerves VII and VIII complex. Reproduced with permission from 
Barrow Neurological Institute

Fig. 19.2 Neoplasms originating from the region of the internal audi-
tory canal can involve the CPA by extending medially and anterosupe-
riorly. C cochlea, CPA erebellopontine angle, EAC external auditory 
canal, ELS endolymphatic sac, SCC semicircular canals, VII/VIII cra-
nial nerves VII and VIII complex. Reproduced with permission from 
Barrow Neurological Institute

Table 19.1 Differential diagnosis of lesions of the CPA and temporal bone

Petrous apex and petroclival regiona

Medial temporal 
surfaceb

Superior temporal 
surfacec

Middle and lateral temporal 
boned

Inferior temporal 
bonee

Petroclival meningiomas Schwannomas 
(CN VII and VII)

Middle fossa 
meningiomas

Paragangliomas (glomus 
tympanicum)

Paragangliomas 
(glomus jugulare and 
vagale)

Schwannomas (CN V) Meningiomas of 
the IAC or CPA

Schwannomas of 
CN VII (geniculate 
ganglion)

Schwannomas of CN VII 
(mastoid portion)

Schwannomas of CN 
IX, X, XI, and XII

Chondrosarcomas Endolymphatic 
sac tumors

Geniculate 
ganglion 
hemangiomas

Adenomas Meningiomas of 
jugular foramen

Rhabdomyosarcomas Adenocarcinomas Chondrosarcomas
Osteosarcomas Ceruminous adenomas Osteosarcomas
Leukemia, lymphomas, and plasmocytomas Adenoid cystic carcinomas
Metastatic disease Ceruminous 

adenocarcinomas
Cholesterol granulomasf Squamous cell carcinomas
Epidermoids: Primary cholesteatomas of the 
petrous apexa

Carcinoid tumors

CN cranial nerve, CPA cerebellopontine angle, IAC internal auditory canal
aSee Fig. 19.1
bSee Figs. 19.2 and 19.3
cSee Fig. 19.4
dSee Fig. 19.5
eSee Fig. 19.6
fNon-neoplastic disease entities discussed briefly because of their pathological importance in lesions affecting the CPA
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Fig. 19.3 Neoplasms originating from the region of the endolymphatic 
sac and posterior petrous ridge can involve the CPA by extending ante-
riorly. C cochlea, CPA erebellopontine angle, EAC external auditory 
canal, ELS endolymphatic sac, SCC semicircular canals. Reproduced 
with permission from Barrow Neurological Institute

Fig. 19.4 Neoplasms originating from the region of the geniculate gan-
glion and floor of the middle cranial fossa can spread to the CPA by 
extending medially and anteriorly. C cochlea, CPA cerebellopontine 
angle, EAC external auditory canal, ET eustachian tube, FL foramen lac-
erum, SCC semicircular canals, VII/VIII cranial nerves VII and VIII com-
plex. Reproduced with permission from Barrow Neurological Institute

Fig. 19.5 Neoplasms originating from the lateral aspect of the tempo-
ral bone, external auditory canal, or middle ear can extend to the CPA 
by spreading medially, posteromedially (via the mastoid and perilaby-
rinthine air-cell systems), or anteriorly (via the petrous or infralabyrin-
thine air-cell systems). C cochlea, CPA cerebellopontine angle, EAC 
external auditory canal, ET eustachian tube, ME middle ear, SCC semi-
circular canals; GG geniculate ganglion, VIIT tympanic portion of CN 
VII. Reproduced with permission from Barrow Neurological Institute

Fig. 19.6 Neoplasms originating from the region of the jugular bulb 
and lower cranial nerves extend to the CPA by spreading anteriorly and 
superiorly. CPA cerebellopontine angle, IAC internal auditory canal, JB 
jugular bulb, SS sigmoid sinus. Reproduced with permission from 
Barrow Neurological Institute
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 Temporal Bone Paragangliomas

Temporal bone paragangliomas (glomus tumors) are tumors 
arising from the extraadrenal paraganglionic tissue. They are 
slow-growing tumors, usually benign and highly vascular. 
During embryogenesis, paraganglionic tissue is derived from 
the migration of neural crest cells in close association with the 
autonomic nervous system. Within the head and neck, these 
cell rests are predominantly distributed throughout the middle 
ear in close association with Jacobson’s nerve (branch of the 
glossopharyngeal nerve, cranial nerve [CN IX]) and Arnold’s 
nerve (branch of the vagus nerve, CN X), the jugular foramen, 
CN X, and the carotid body [1]. In 1941, Guild coined the 
term glomus-tissue, referring to the vascularized ganglionic 
tissue along the adventitia of the jugular bulb and promontory. 
In 1953, he also published an anatomical study detailing for-
mation of glomus tissue along Jacobson’s and Arnold’s nerves, 
which forms the basis of origin of tympanic paraganglioma 
[2]. In 1945, Harry Rosenwasser successfully removed the 
first temporal bone paraganglioma that he described as a 
tumor of the middle ear, resembling a carotid body [3].

In the past, various terminology has been used to describe 
these tumors, including glomus tumors, nonchromaffin para-
gangliomas, and chemodectomas. Contemporary literature 
emphasizes the use of the term paraganglioma, which will be 
used in this text [4, 5].

The most common head and neck paragangliomas are 
carotid body tumors. Within the temporal bone, two types of 
paragangliomas exist: tympanic paraganglioma and jugular 
paraganglioma. Tympanic paraganglioma arises from rests 
of paraganglionic tissue associated with Jacobson’s and 
Arnold’s nerves. Jugular paraganglioma is believed to arise 
from similar paraganglionic rests within the adventitia of the 
jugular bulb, intimately associated with the pars nervosa 
structures (CN IX, X, and XI).

The estimated incidence of extraadrenal paragangliomas 
is 1 per one million [1]. Seventy percent of extraadrenal 
paragangliomas arise within the head and neck region and 
the majority (> 95%) are nonsecretory [1]. No ethnic predi-
lection has been noted, and they commonly manifest in the 
fourth and fifth decades of life. The only phenotypic modifier 
of theses tumors is high-altitude living with postulations 
about hypoxia as a driver of tumor development [6, 7]. 
Historically, both paraganglioma and pheochromocytomas 
have been linked with hereditary syndromes such as neurofi-
bromatosis 1, multiple endocrine neoplasia type 2, and von 
Hippel-Lindau (VHL) disease.

Paraganglioma has evolved to become a prototype endo-
crine tumor for studying genetics related to aberrant metabo-
lism [8]. The genetic era started with a seminal discovery of 
mutations in various subunits of succinate dehydrogenase 
(SDH) [9]. Since then, a plethora of studies have investigated 
different pathways and key players in tumorigenesis [10–12]. 

Paragangliomas along with pheochromocytomas carry a 
(familial) germline mutation in about 40% of cases. 
Mutations in 12 key genes have been identified, and multiple 
key pathways (pseudo-hypoxia driven, altered metabolism, 
kinase signaling, and epigenetic remodeling) have been 
implicated in tumor development and progression [13]. Five 
distinct hereditary paraganglioma syndromes have been 
described so far and harbor germline mutation of various 
SDH subunits (SDHA, SDHB, SDHC, SDHD, and 
SDHAF2). These are inherited in autosomal dominant fash-
ion. The genetic screening for various paraganglioma syn-
dromes is becoming more widespread as the phenotypic 
expression helps guide the workup as well as determines 
prognosis (e.g., SDHD and SDHAF2 mutations carry high 
rates of multifocal tumors and are derived from a defective 
paternal allele, whereas SDHB mutations have about a 50% 
risk of malignant phenotype [8, 14].

Paragangliomas spread through pathways of least resis-
tance: air cell tracts, vascular channels, naturally occurring 
fissures, and foramina. Different patterns of intracranial 
spread, so-called dangerous triangles, have been described 
[15]. Paragangliomas can travel through the peritubal air 
cells into the petrous apex, petrous carotid artery, and mid-
dle cranial fossa, or through the hypotympanic air-cell 
tract between the jugular bulb and carotid artery into the 
posterior fossa; they can involve the CPA structures as 
well [16, 17].

Malignant paragangliomas are rare and reported in 5% of 
the cases [18]. The diagnosis of malignancy is based on the 
confirmed presence of regional (lymphatic) or distant metas-
tasis. Cellular criteria and invasiveness have not been estab-
lished as prerequisites for the diagnosis of malignant 
paraganglioma.

 Pathology

Paragangliomas contain two cell types: chief cells and sus-
tentacular cells. The chief cells possess secretory granules 
that contain catecholamines. They are derivatives of neural 
crest cells and belong to the diffuse neuroendocrine system 
[1, 19]. Cells that are members of this system are capable of 
secreting neurotransmitters and have similar cell receptors.

Despite the detection of catecholamine precursors in most 
paragangliomas, only 1 to 3% of head and neck paraganglio-
mas excrete norepinephrine. Unlike adrenal paragangliomas 
(pheochromocytomas), extraadrenal paragangliomas rarely 
produce epinephrine because the rate-converting enzyme 
phenylethanolamine-N-methyltransferase is absent [20]. On 
light microscopy, chief cells form clusters (Zellballen) 
embedded with support cells (sustentacular cells) within an 
abundant vascular stroma (Fig. 19.7). Mitosis and capsular 
invasion have been described in benign variants and are not 
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a b

Fig. 19.7 (a) Photomicrograph (hematoxylin and eosin stain) of a glo-
mus jugulare. (b) Higher magnification photomicrograph (hematoxylin 
and eosin stain) of a glomus jugulare showing the nest of chief cells 

(large black arrow). Zellballen are seen with surrounding sustentacular 
or supportive cells (small black arrow)

considered determinants of malignant behavior. 
Unmyelinated nerve fibers may be present [1].

 Clinical Manifestations

A paraganglioma (PGL) may be sporadic or part of an inher-
ited syndrome (types 1–5) with an autosomal dominant 
mode of transmission with genetic imprinting and variable 
penetrance. Certain hereditary forms (PGL1 and PGL2) are 
characterized by a higher incidence of multicentricity and 
associated tumors [14, 21]. These paragangliomas exhibit 
paternal genetic imprinting, such that the offspring of 
females carrying the mutated gene do not express the pheno-
type. In contrast, inheriting a mutated copy from the father 
results in phenotypic expression with high penetrance. In 
contrast, PGL3 and PGL5 are less common and appear to 
have less penetrance. PGL4 carries a much higher risk of 
malignant disease [12, 14].

Early-stage paragangliomas present with symptoms 
related to involvement of the middle ear cleft. Pulsatile tin-
nitus and conductive hearing loss are the most common pre-
senting symptoms [4, 22, 23]. A glomus tympanicum tends 
to spread through pathways of least resistance along the peri-
tubal air cells, intrapetrous carotid artery, and petrous apex. 
A glomus jugulare manifests with pulsatile tinnitus and cra-
nial neuropathy. Lower cranial neuropathies are present 
when the tumor erodes the medial wall of the jugular bulb 
and involves the pars nervosa [4]. These neoplasms tend to 
spread through the hypotympanic air-cell tract, around the 
jugular bulb, inferior petrosal sinus, and carotid artery and 
into the jugular foramen and posterior fossa. Fifty percent of 
tumors may present with a jugular foramen syndrome [17]. 
Lower cranial nerve (IX–XII) deficits are variable but com-
mon, especially in advanced stage tumors, and present as 

dysphagia, dysphonia, and aspiration [4, 24]. A glomus tym-
panicum appears as a retrotympanic red mass on the prom-
ontory. When a glomus jugulare erodes into the floor of the 
hypotympanum, it manifests similarly to a middle ear mass 
or aural polyp if associated with erosion of the tympanic 
membrane. Invasion of the middle ear results in conductive 
hearing loss. Paragangliomas encroach onto the ossicles but 
do not cause ossicular erosion [25]. Pulsatile tinnitus is an 
indicator of the tumor’s hypervascularity. Brown’s sign 
(tumor blanching with positive pressure using pneumatos-
copy) or Aquino’s sign (cessation of pulsations with com-
pression of the ipsilateral carotid artery) may be seen [26].

As the tumor invades deeper structures, additional lower 
cranial neuropathies, sensorineural hearing loss, vertigo, and 
pain may ensue. Extension of the tumor through the facial 
recess and retrofacial air cells may result in encasement of 
the facial nerve. In large tumors, Horner syndrome, facial 
hypesthesia, and diplopia may follow extension into the 
carotid artery and intradural or extradural involvement of CN 
VI [24, 27]. Symptoms of unrelenting headaches, vomiting, 
and diplopia herald increased intracranial pressure second-
ary to intracranial involvement and obstruction at the level of 
fourth ventricle [4]. In one study, the posterior fossa was 
involved in 50% of the cases with jugular foramen syndrome 
and in 75% of the cases with CN XII neuropathy [17].

It is prudent not to biopsy a vascular middle ear mass. An 
aberrant carotid artery or high-riding, dehiscent jugular bulb 
may appear as a reddish or bluish mass in the hypotympa-
num and possibly masquerade as a glomus tumor. During a 
biopsy, proximal control is not possible with either vascular 
structure. Given the impressive vascularity of paraganglio-
mas, it can be very difficult to obtain hemostasis from the 
biopsy site.

In cases of multicentricity and in clinical cases of secre-
tory paragangliomas, an appropriate evaluation includes 
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screening for other adrenal and extraadrenal tumors and for 
familial-type paragangliomas [5]. The incidence of secretory 
extraadrenal head and neck paraganglioma is low (<4%) [4]. 
A 24-hour urinary vanillylmandelic acid, plasma catechol-
amines, and urinary beta-metanephrines and normetaneph-
rines may be obtained as part of the biochemical screening 
[28]. Patients with an isolated paraganglioma should still be 
questioned about symptoms of labile hypertension or attacks 
of headache, anxiety, flushing, and sweating. Given the rarity 
of functional head and neck paragangliomas, these symp-
toms are more likely related to an undiagnosed pheochromo-
cytoma, which is important to diagnose preoperatively. 
Similarly, elevated levels of plasma catecholamines in an 
isolated head and neck paraganglioma should still prompt a 
search for a pheochromocytoma. The anesthesia provider 
should be aware of this diagnosis, and perioperative alpha 
blockade should be considered to avoid a catecholaminergic 
crisis. Gadolinium-enhanced magnetic resonance imaging 
(MRI) of the head and neck is the gold standard for screening 
for multicentric paragangliomas.

The role of neuroradiology in determining the origin, 
extent, and nature of the tumor is crucial. Its role is not only 
limited to characterization of the lesion itself but is also 
essential in differentiating these lesions from vascular anom-
alies or temporal bone malignant neoplasms and in screening 
for other contralateral or ipsilateral lesions in cases of famil-
ial paragangliomas [29].

On high-resolution computed tomography (CT) of the 
temporal bone, a glomus tympanicum in its early phases 
appears as a well-circumscribed, soft-tissue mass localized 
on the promontory. The differential diagnosis of a soft-tissue 
density confined to the promontory includes congenital cho-
lesteatoma, a persistent stapedial artery, and an aberrant 
carotid artery [30]. Radiographically, glomus jugulare 
tumors are associated with an irregular erosive enlargement 
of the jugular plate (floor of the hypotympanum) and the 
jugulocarotid spine, a pattern described as “moth-eaten” 
(Fig. 19.8a) [31]. Depending on their origin, these neoplasms 
can extend through the skull base to involve the jugular fora-
men in its neural and vascular compartments. Eventually, 

a

b

c

Fig. 19.8 (a) High-resolution CT of the temporal bone, coronal view, 
shows a glomus jugulare extending toward the posterior fossa. Note the 
irregular borders, moth-eaten appearance (small white arrows), and ero-
sion of the floor of the hypotympanum (arrowhead). (b) High-resolution 

CT of the temporal bone, axial views, shows a lesion extending from 
the jugular bulb into the posterior fossa consistent with a glomus jugu-
lare. (c) Note the moth-eaten appearance and irregular borders
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they progress intracranially through intradural or extradural 
pathways, or extracranially through cervical extension.

Contrast-enhanced MRI is superior for evaluating tumor 
vascularity, extension along neural foramina, and multicen-
tricity. Magnetic resonance venography is helpful to evaluate 
patency of the entire venous system and is important to study 
before making decisions regarding surgical approach [32]. 
On T1-weighted MRI, paragangliomas appear hypointense 
and speckled. On gadolinium-enhanced T1-weighted MRI, 
early and pronounced enhancement reflects the hypervascu-
lar nature of the neoplasm. On T2-weighted MRI, paragan-
gliomas are hyperintense. When larger than 2  cm, the 
serpentine flow void pattern is described as a “salt and pep-
per” appearance [32, 33].

On catheter angiography, paragangliomas exhibit an 
intense blush or a “bag of worms” appearance. Magnetic 
resonance angiography (MRA) may substitute for catheter 
angiography to evaluate the vascularity of skull-base tumors 
(Fig. 19.9). However, small vascular anomalies and arterial 
feeders are best seen on conventional angiography. Catheter 
angiography also provides the option for preoperative embo-
lization. The latter may decrease intraoperative blood loss 
and operative time [34]. It is prudent to reassess the cranial 

nerve function after embolization to ascertain any 
embolization- related palsy, which is important to document 
before aggressive surgery is undertaken [4].

 Classification Schemes

Different classification schemes for paragangliomas have 
been described to help guide surgeons in the selection of the 
most appropriate approach to eradicate the disease. The 
scheme devised by Fisch (Table 19.2) divides these lesions 
into four categories. Type A tumors are limited to the middle 
ear. Type B tumors are limited to the tympanomastoid com-
partment. Type C tumors involve the infralabyrinthine air- 
cell tract and intrapetrous carotid canal and extend into the 
petrous apex. Type D tumors have an intracranial extension.

The scheme described by Glasscock and Jackson 
(Table  19.3) divides jugulotympanic paragangliomas into 
four types. Type I tumors are small and involve the jugular 
bulb, middle ear, and mastoid. Type II tumors extend under 
the internal auditory canal and may have an intracranial 
extension. Type III tumors extend into the petrous apex with 
or without an intracranial extension. Type IV tumors extend 
beyond the petrous apex into the clivus, infratemporal fossa, 
or both. The House ear group adopted the classification 
devised by Antonio de la Cruz (Table 19.4). Jugulotympanic 
paragangliomas are considered tympanic when tumors are 
entirely confined to the mesotympanum. Tympanomastoid 
tumors extend beyond the limits of the mesotympanum with-
out eroding the jugular plate. Jugular bulb tumors are con-
fined to the jugular foramen without involvement of the 

Fig. 19.9 Magnetic resonance venography of a patient with a left glo-
mus jugulare (black arrows). The blush indicates hypervascularity. The 
magnetic resonance venography is important for assessment of the con-
tralateral venous system. This patient has a patent contralateral jugular 
system

Table 19.2 Fisch paraganglioma staging system

Tumor 
type Location
Type A Tumor limited to middle ear
Type B Tumor limited to tympanomastoid area with no 

infralabyrinthine involvement
Type C Tumor involves infralabyrinthine compartment of 

temporal bone and extends into petrous apex
Type D1 Tumors with intracranial extension less than 2 cm
Type D2 Tumors with intracranial extension greater than 2 cm

Table 19.3 Glasscock and Jackson paraganglioma staging system

Tumor 
type Location
Type I Small tumor involving jugular bulb, middle ear, and 

mastoid
Type II Tumor extends under internal auditory canal; may have an 

intracranial extension
Type III Tumor extends into petrous apex; may have an 

intracranial extension
Type IV Tumor extends beyond petrous apex into clivus or 

infratemporal fossa; may have an intracranial extension
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Fig. 19.10 Illustration showing the mastoid neck approach for removal 
of a large glomus jugulare. The labyrinth is preserved. The external 
auditory canal has been shut, and the facial nerve is elevated from the 
fallopian canal and retracted anteriorly. Vascular control is obtained by 
performing a neck exploration. Many surgeons advocate against rerout-
ing the facial nerve because this maneuver results in a high incidence of 
facial paralysis. EAC external auditory canal, ICA internal carotid 
artery, IJV internal jugular vein, JTP jugulotympanic paraganglioma. 
Reproduced with permission from Barrow Neurological Institute

Table 19.4 DE LA CRUZ paraganglioma staging system

Classification Surgical approach
Tympanic Transcanal
Tympanomastoid Mastoid-extended facial recess
Jugular bulb Mastoid-neck
Carotid artery Infratemporal fossa
Transdural Infratemporal fossa/intracranial

carotid artery or an intracranial extension. Carotid artery 
tumors involve the intrapetrous carotid artery. Transdural 
tumors extend intracranially.

 Operative Management

Tympanic paragangliomas may be completely excised via a 
transcanal approach. To ensure adequate exposure, the tym-
panic annulus is elevated circumferentially and left attached 
to the manubrium. The tumor is excised using cup forceps, 
and hemostasis is performed with hemostatic sealant or 
absorbable gelatin foam (Gelfoam®). Tympanomastoid 
tumors are removed via a classic mastoidectomy with an 
extended facial recess approach. Sometimes this approach 
can obviate the need to elevate a tympanomeatal flap.

For jugular bulb tumors, the mastoid-neck approach is 
used (Fig. 19.10). Only after preoperative embolization has 
been achieved is a mastoidectomy performed. The mastoid 
tip is removed along with the insertion of the sternocleido-
mastoid muscle. The posterior belly of the digastric muscle 
is dissected free and reflected anteriorly to expose the great 
vessels. The jugular vein is ligated in the neck. The proximal 
sigmoid sinus is packed extraluminally, and the anterior wall 
of the segment involved by the tumor is excised while pre-
serving the posterior dural surface of the vein intact. Bleeding 
from the inferior petrosal sinus is controlled by packing, and 
the remainder of the tumor is removed. Preoperatively, some 
centers embolize the inferior petrosal sinus to minimize 
intraoperative bleeding and to facilitate neural microdissec-
tion [35].

Facial nerve rerouting can often be avoided if a fallopian 
bridge technique is used to access the tumor [36]. This tech-
nique involves removal of the retrofacial and infralabyrin-
thine air-cell tracts. Anatomical factors, such as an anteriorly 
displaced jugular bulb, may limit exposure.

For carotid artery and intracranial involvement, the infra-
temporal fossa approaches described by Fisch provide ade-
quate access and corridor for removal of lesions. Detailing 
the surgical technique is beyond the scope of this discussion. 
Transdural involvement is addressed by different posterior 
fossa approaches. Paragangliomas involving the CPA are 
often extensive, and their treatment involves a combined 
extradural and intradural approach, which may or may not be 
a staged procedure [37].

The transpetrosal approaches, with or without facial nerve 
rerouting, with or without a transcochlear approach with 
additional craniotomies designed as dictated by tumor exten-
sion, may be performed for complete tumor excision [38, 
39]. For tumors extending into the CPA without violating the 
otic capsule, a transsigmoid retrolabyrinthine approach may 
provide adequate exposure of the upper compartment of the 
CPA. For lesions with an inferior extension, a retrosigmoid 
approach, which can be combined with a far-lateral approach, 
may be needed. Lesions extending to the middle cranial 
fossa with preserved hearing may be removed using the 
subtemporal- retrolabyrinthine approach. These extensive 
operations are often associated with significant morbidity 
and increased operative time.

For elderly patients or for patients in whom extensive sur-
gery is contraindicated, a limited surgical procedure with 
adjuvant radiotherapy may be advised. Symptoms have 
resolved with minimal resultant morbidity [40, 41]. 
Customized approaches can be used as well to preserve the 
conductive hearing apparatus, if feasible based on extent of 
disease [42].

 Radiotherapy

Radiotherapy in the form of Gamma Knife radiosurgery 
(GKRS) or conventional radiotherapy has been used as an 
adjuvant, salvage, or primary treatment of paragangliomas 
[43–47]. Traditionally, radiotherapy was favored for poor 
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surgical candidates or patients with bilateral tumors with an 
increased iatrogenic risk of bilateral vagal nerve dysfunc-
tion, or patients that refuse surgery [43]. However, there is an 
increasing number of publications reporting the use of radio-
therapy as a first-line treatment in all patients. Primary radio-
surgery for glomus jugulare tumors has been reported in 
more than 300 patients. A meta-analysis of these data showed 
96% tumor control at 36 months.

However, similar to stereotactic radiosurgery for other 
benign pathologies, rates of long-term tumor control are 
lacking and provide a consistent concern. These tumors have 
an estimated growth rate of only 0.8  mm per year, which 
highlights the need to concentrate on long-term outcomes. 
Additionally, in long-term follow-up of recurrence following 
surgical resection, the mean time until recurrence was 
82.8 months.

Reports of complications following radiosurgery mainly 
consist of new cranial nerve palsies. New neurologic deficits 
occur in 8.5% of patients with 2.1% of these deficits becom-
ing permanent. Importantly, in the literature, these perma-
nent deficits were grade II–IV facial palsies. There were no 
reported mortalities from radiosurgery. There are unfortu-
nately no randomized control trials that compare radiother-
apy and microsurgical treatment of these tumors. Direct 
comparison of the data, especially with respect to tumor con-
trol, is difficult due to the rarity of this tumor, selection bias, 
and inconsistencies in the data. All of these data also have an 
important temporal component, as surgeons have improved 
their technique and use of new technologies both inside and 
outside the operating room.

 Endolymphatic Sac Tumors

Until recently, the entity of endolymphatic sac tumor (ELST) 
has been widely debated. Primary adenomatous neoplasms 
of the temporal bone have been reported [48]. In 1988, 
Gaffey and colleagues [49] referred to low-grade adenocar-
cinomas of the middle ear as aggressive papillary middle ear 
tumors. A year later, Heffner [50] described 20 cases of 
“adenocarcinoma of the endolymphatic sac” (AES). In 1993, 
Poe and colleagues [51] reported bilateral AES in a patient 
with VHL disease. Li and colleagues [52] applied the term 
ELST to the lesion initially described by Heffner.

ELSTs are rare neoplasms of the temporal bone. Their 
exact prevalence is unknown. They usually occur in sporadic 
forms but may be hereditary in the context of VHL disease. 
As of 2002, 43 cases had been reported in the English litera-
ture, 13 of which were bilateral [53].

ELSTs originate from the endolymphatic sac epithelium 
and are centered over the posterior portion of the petrous 
bone. They invade the posterior petrous ridge and involve the 
posterior fossa. In advanced stages, the CPA is involved. 

ELSTs should be considered in the differential diagnosis of 
a destructive temporal bone lesion involving the posterior 
fossa and CPA.

 Pathology

The origin of ELSTs sparked an active debate. The biologi-
cal behavior of ELSTs is best described as that of a low- 
grade neoplasm that is locally aggressive and destructive. 
Hematogenous metastasis has not been described. However, 
“drop metastasis” was recently reported in a patient who 
underwent multiple attempts to excise a large ELST [54]. 
The initial debate about the cells of origin, which included 
metaplastic middle ear mucosa, choroid plexus epithelium, 
and endolymphatic sac epithelium, has been resolved by 
immunohistochemical analysis of the differential expression 
of transthyretin [55]. Transthyretin, a known marker of cho-
roid plexus epithelium, was present in five patients with a 
choroid plexus papilloma and in none of four patients with 
ELST. Transthyretin is normally detected in choroid plexus 
epithelium and is absent in epithelial cells of the endolym-
phatic sac. This differential expression clearly makes a com-
mon origin highly unlikely and categorizes these tumors as 
not originating from the adjacent choroid plexus.

Another interesting histopathological finding was 
described in the temporal bone of a patient with VHL who 
succumbed to his disease [56]. The patient harbored a large 
destructive lesion in his temporal bone thought to be meta-
static from papillary thyroid cancer. However, subsequent 
analysis revealed features consistent with ELST. On the con-
tralateral site, the same patient harbored a small focus of an 
intraductal in situ papillary tumor confined to the endolym-
phatic duct. This lesion is believed to be the precursor lesion 
for ELST and suggested that the endolymphatic duct and sac 
are the sites of origin of ELST.

A radiographic review of the site of the lesion in 8 patients 
with ELST suggested that the endolymphatic sac was the 
epicenter of the lesion [56].

ELSTs are locally aggressive neoplasms that cause bony 
destruction and infiltration with minimal osteogenesis or 
sclerosis. Histologically, they contain cystic and papillary 
components. The epithelium of the papillary component is 
lined with a single cell layer of cuboidal or low columnar 
epithelium (Fig.  19.11) [57]. ELST may contain areas of 
hemosiderin deposits, fibrosis, and cholesterol clefts. The 
cystic component contains a proteinaceous material reminis-
cent of thyroid colloid. It stains positively with periodic acid- 
Schiff stain [50]. Thyroglobulin stains are essential to rule 
out a metastatic thyroid carcinoma. The hypervascularity of 
the tumor is reflected by an abundant vascular stroma.

Immunohistochemical analysis shows that ELSTs stain 
positively with cytokeratin, S-100, and neuron-specific 

19 Temporal Bone Neoplasms



254

Fig. 19.11 Photomicrograph of an endolymphatic sac tumor showing 
papillary structures lined with cuboidal cells

 enolase, suggesting a neuroectodermal origin [58–60]. 
However, the absence of reactivity to antibodies directed 
against glial fibrillary acid protein and transthyretin argues 
against a glial or choroidal origin [55].

 ELST and VHL

VHL is an autosomal dominant disorder due to a germline 
mutation of the VHL tumor-suppressor gene localized on 
chromosome 3p25 [61]. The prevalence of the disease is esti-
mated to be 1 in 39,000 [62]. It is characterized by an inher-
ited predisposition to visceral (renal cell carcinomas and 
cysts, pheochromocytomas, pancreatic neuroendocrine 
tumors, and reproductive adnexal cystadenomas) and central 
nervous system (CNS) neoplasms (cerebellar and brainstem 
hemangioblastomas, retinal angiomas, and ELST) 
(Fig. 19.12).

In the Online Mendelian Inheritance in Man, an online 
catalog, ELST has been associated with VHL disease (No. 
193300) [63]; it occurs in 11 to 16% of patients with 
VHL. Bilateral involvement has been described in 30% of 
the cases of ELST associated with VHL [53].

The phenotypic expression of VHL occurs with loss of 
both copies of the tumor-suppressor gene. In its hereditary 
form, a germline mutation results in the absence of one 
allele. The loss of heterozygosity or “single-hit” mutation of 
the second allele results in phenotypic expression [64]. In a 
study of three patients with ELST using fluorescence in situ 
hybridization analysis, loss of heterozygosity was seen in 
tumor cells but not in normal adjacent cells [65].

The VHL gene product pVHL regulates the expression of 
hypoxia-inducible factor-1 (HIF-1) [66–69]. In the absence 
of hypoxia, pVHL activates the degradation of HIF-1 through 
the activation of E3 ubiquitin ligase [68, 69]. In hypoxemic 
conditions and in VHL-deficient cells, the absence of degra-
dation of HIF-1 leads to activation of downstream products: 
vascular endothelial growth factor, platelet-derived growth 

factor-B, and transforming-growth factoralpha [68]. The 
accumulation of these growth factors may play an important 
role in tumorigenesis.

 Clinical Manifestations

ELSTs can occur sporadically or in the context of VHL. If 
ELSTs occur in the context of VHL, associated tumors may 
be present at diagnosis. In a study of 121 patients with VHL, 
13 (11%) patients showed evidence of 15 ELSTs on MRI 
[70]. Sensorineural hearing loss; acute, fluctuating, or pro-
gressive episodic vertigo; aural fullness; and tinnitus were 
commonly described [56, 70–72]. These symptoms are remi-
niscent of Ménière’s disease, and their combination occurs in 
21% of patients [71]. Auditory and vestibular complaints are 
present in 59% of VHL patients without evidence of ELST 
on MRI [70]. Facial weakness is described in 43% of patients 
[71]. Other cranial neuropathies and headache have been 
described.

The mechanism of cochleovestibular dysfunction has 
been postulated [65]. In small ELSTs, obstruction of the 
endolymphatic duct [73], overproduction of endolymph, 
intraductal hemorrhage, and neuronal degeneration may be 
responsible for acute, fluctuating, or progressive hearing loss 
and vertigo. Evidence of intralabyrinthine hemorrhage may 
be the first sign of an ELST not detectable on imaging. In 
large ELST, otic capsule destruction and neuronal degenera-
tion may explain the symptoms described. At this stage, 
image-detectable ELSTs are diagnosed radiographically.

 Diagnosis

A patient diagnosed with VHL should undergo MRI screen-
ing for an ELST. A high index of suspicion is needed as early 
detection may offer the patient the potential benefit of a 
hearing- preservation surgical approach. Often, these patients 
are initially diagnosed with Ménière’s disease because of 
their hearing loss and vertigo. Audiologic data can help char-
acterize the type of hearing loss. In most cases, sensorineural 
hearing loss is present. Conductive loss may be associated 
with tumors invading the middle ear cleft. Vestibular testing 
may show caloric weakness but is of limited diagnostic value.

Radiological studies are very useful in the evaluation of 
suspected ELST. The typical finding on a high-resolution CT 
of the temporal bone is a destructive lesion confined to the 
posterior fossa, often centered over the posterior plate of the 
petrous bone (Fig.  19.13) [56, 74]. The lesion shows stip-
pled, reticular, and speculated areas of calcification [75]. In 
patients with VHL, evidence of intralabyrinthine  hemorrhage 
on noncontrasted high-resolution CT may be the first sign of 
a tumor undetectable by imaging [65].
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Fig. 19.12 Von Hippel-Lindau (VHL) disease. MRI (axial cuts) revealed 
(a) a cerebellar lesion as well as (b) a heterogeneously enhancing lesion 
centered over the left temporal bone/posterior fossa plate. (c) Audiogram 

revealed left-sided sensorineural hearing loss with poor word discrimina-
tion. (d, and e) Abdominal imaging showed a pancreatic lesion, concern-
ing for neuroendocrine tumor, as well as renal cysts

a b

Fig. 19.13 (a) High-resolution CT of the temporal bone, axial view, 
showing endolymphatic sac tumor (white arrow). Note the destructive 
pattern, the location along the posterior petrous ridge, and the presence 

of spicules and calcifications. (b) Coronal view showing destruction of 
otic capsule (white arrow)
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Follow-up with repeat MRI is recommended. On 
T1-weighted MRI, intralesional foci of hyperintensity are 
seen in 79% of tumors larger than 3  cm. Nonenhanced 
T1-weighted MRIs of tumors less than 3 cm show a circum-
ferential rim of increased intensity [74, 75]. This rim is likely 
the result of subacute hemorrhage at the periphery of the 
tumor. ELSTs enhance with gadolinium. On T2-weighted 
MRI, a heterogenous pattern of intensity is often associated 
with an internal flow void in tumors larger than 2 cm [74]. 
The tumor may spread through the posterior fossa dura into 
more anterior regions, particularly the CPA and jugular 
foramen.

On catheter angiography, ELSTs are highly vascular. In 
tumors smaller than 3 cm, the vascular supply is usually only 
from the external carotid artery. In tumors larger than 3 cm, 
additional vascular supply is recruited from the posterior cir-
culation [74].

Recently, a staging system with therapeutic implications 
was described (Table 19.5) [76]. Stage I tumors are confined 
to the temporal bone and middle ear cleft. Stage II tumors 
extend to the posterior fossa. Stage III tumors are more 
advanced, with a middle fossa extension. Stage IV tumors 
are far-advanced lesions that extend to the clivus and 
sphenoid.

 Treatment

The therapeutic modality depends on the size of the lesion, 
stage of the tumor, and patient’s hearing status (Table 19.5). 
Several reports of tumor removal showed resolution of ves-
tibular symptoms and stabilization of hearing [71, 72].

In a patient with a stage I ELST and serviceable hearing, 
the tumor may be completely removed through a retrolaby-
rinthine transdural approach. This approach allows hearing 
preservation and tumor removal by excision of the dural base 
and lip of tumor extending into the endolymphatic duct [53, 

72]. However, this approach offers limited access to anteri-
orly located lesions and a decreased angle of exposure in 
patients with an anteriorly displaced sigmoid sinus.

Hearing preservation surgery is particularly important in 
patients with VHL, in whom the incidence of bilateral 
involvement is 30%. Hearing preservation is a desirable goal 
to avoid the social consequences of profound bilateral hear-
ing impairment.

For larger lesions that extend into the posterior fossa (stage 
II), hearing may be affected and tumors are removed using an 
extended retrolabyrinthine transdural approach or translaby-
rinthine approach. The posterior fossa dura is resected and 
reconstructed. Failure to remove the dural attachment of the 
posterior fossa at the site of the endolymphatic sac and the 
intraductal portion of the tumor may lead to a recurrence [53, 
72]. In lesions with a significant posterior fossa or middle 
fossa extension (stage III) and serviceable hearing, a com-
bined approach involving a subtemporal craniotomy with 
petrosectomy provides good access without violating the 
hearing end-organ. In extensive lesions involving the petrous 
apex and CPA (stage IV), a transcochlear approach can be 
performed with complete exenteration of the otic capsule and 
exposure of the carotid canal. However, given the high rate of 
facial weakness following facial nerve mobilization, many 
authors have argued that staged anterior and posterior fossa 
approaches provide a less morbid strategy.

When tumors are excised completely, recurrence is rare. 
In a small published series [53, 71, 72], complete resolution 
of vestibular symptoms and stabilization of hearing was 
achieved when a hearing-preservation procedure was 
performed.

 Hemangiomas of the Geniculate Ganglion 
and Internal Auditory Canal

Hemangiomas are benign neoplasms of blood vessels. They 
are the most common neoplasms of infancy. They frequently 
affect the skin and soft tissue, but bone involvement is also 
well described. Hemangiomas are not apparent at birth but 
develop soon thereafter. Their typical progression is charac-
terized by an initial proliferative phase that lasts about 
18  months, followed by an involution phase. Regression 
occurs over 2–9  years, and hemangiomas are gradually 
replaced by fibrofatty tissues.

Hemangiomas of the skull-base and temporal bone are 
rare lesions. In 1984, a review of the literature found 21 
reported cases of skull-base hemangiomas [77]. In the tem-
poral bone, lesions appear to have a predilection for the 
internal carotid artery, middle ear, and geniculate ganglion. 
Pulec is credited for the first description of a geniculate gan-
glion hemangioma in 1969 [78]. These hemangiomas differ 
from their pediatric counterparts in that they are often seen in 

Table 19.5 Grading and treatment system for endolymphatic sac 
tumors [74]

Grade Tumor extent Surgical options
I Confined to temporal bone, 

middle ear cavity, and/or 
external auditory canal

Hearing preservation with 
RLT approach

II Extension into posterior fossa Extended RLT approach with 
labyrinthectomy if hearing 
poor

III Extension in posterior fossa 
and middle cranial fossa

Subtemporal craniotomy with 
petrosectomya

IV Extension to clivus and/or 
sphenoid wing

Staged anterior and posterior 
fossa techniquesa

Modified with permission from Lippincott Williams and Wilkins [74]
aPreoperative embolization for grades II-IV and postoperative stereo-
tactic radiosurgery for postoperative residual disease may be adjunc-
tive. RLT retrolabyrinthine
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middle-aged individuals and show no clear pattern of 
involution.

Recent work has confirmed the monoclonal nature of 
endothelial cell proliferation, which is modulated by a dys-
regulation in the mediation of endothelial cell growth [79]. 
Hemangiomas appear as rubbery red or purple masses. 
Histologically, they are characterized by a proliferation of 
small- or medium-sized vessels lined by endothelial cells 
that often appear as cystic spaces filled with blood. In osse-
ous hemangiomas, these proliferating endothelial cells are 
interspersed within bony trabeculae. The adjacent bone 
appears “moth-eaten,” and bony spicules are occasionally 
seen [80]. This appearance is not of an invasive nature; 
rather, it represents a reactive bony change.

Hemangiomas of the geniculate ganglion and internal 
auditory canal are extraneural tumors that likely originate 
from the perineural capillary network of the corresponding 
nerve [81]. Despite their extraneural origin, neural invasion 
is often seen on histological specimens. This infiltration can 
be extensive, rendering preservation of the nerve impossible 
and resulting in nerve transection and subsequent graft place-
ment [82].

Compressive symptoms occur at an early phase even with 
small tumors involving the internal auditory canal or genicu-
late ganglion [80]. The floor of the middle fossa is almost 
always dehiscent over the tumor. Geniculate ganglion hem-
angiomas may involve the distal part of the facial nerve but 
do not extend beyond the cochleariform process. Medial 
growth beyond the labyrinthine portion of the facial nerve 
toward the internal auditory canal is not seen. However, 
hemangiomas that arise in the internal auditory canal may 
extend more medially toward the CPA but not laterally 
toward the geniculate ganglion [83].

In contrast to the majority of temporal bone neoplasms, 
the most common presenting symptom associated with 
geniculate ganglion hemangiomas is progressive facial palsy. 
Facial nerve paresis may develop even when lesions are 
small. The facial palsy may mimic idiopathic facial nerve 
paralysis or Bell’s palsy. Responsiveness to steroid therapy 
does not exclude the diagnosis because discontinuation of 
steroids is often followed by recurrence of the facial weak-
ness. Less frequently, the onset of facial paralysis is acute 
[84]. Facial twitching and hemifacial spasms may be the pre-
senting symptoms. These symptoms are indicative of nerve 
compression or irritation. Involvement of the greater superfi-
cial petrosal nerve may result in epiphora or dry eyes.

Extension into the middle ear causes conductive hearing 
loss by disturbing the ossicular chain. Hemangiomas eroding 
the otic capsule, creating a cochlear fistula, may cause senso-
rineural hearing loss. Sensorineural hearing loss may be the 
presenting symptom associated with hemangiomas of the 
internal auditory canal [80, 85]. Similar to other symptoms 

from hemangiomas, hearing loss may occur at very early 
stages. Tinnitus is also common [80, 85].

Audiometry helps delineate the type of hearing loss. In 
geniculate ganglion hemangiomas, hearing loss is conduc-
tive. The acoustic reflex is usually absent because the site of 
the lesion is proximal to the exit of the stapedial branch of 
the facial nerve [82]. Internal auditory canal hemangiomas 
cause sensorineural hearing loss, even when a lesion is small 
[80, 85]. A cochlear fistula causes sensorineural hearing loss. 
However, a fistula may be found at surgery despite a normal 
preoperative audiogram [82].

Given the overlap in clinical presentation, it is important 
to distinguish these lesions from facial nerve schwannomas. 
On MRI, hemangiomas classically are hyperintense on 
T1-weighted and T2-weighted images. In contrast, schwan-
nomas are typically isointense or hypointense on T1-weighted 
images. Both lesions homogenously enhance with contrast 
administration. The notable exception is cavernous heman-
giomas, which can be isointense on T1-weighted images. 
Heterogeneous signal intensity on T2-weighted MRIs is also 
suggestive of a geniculate hemangioma [83].

On high-resolution temporal bone CT, schwannomas usu-
ally are larger masses with sharp bony margins. Roughly half 
of hemangiomas will produce a “honeycomb” appearance on 
CT, with hyperdense intratumoral spicules and irregular 
bony margins. The presence of calcifications in an expansile- 
appearing, soft-tissue density, “ossifying hemangioma” in 
the region of the geniculate ganglion is usually diagnostic 
[83, 84, 86]. The lesion often extends into the labyrinthine 
portion of the nerve and into the distal tympanic segment. 
The absence of bony coverage of the middle fossa also sug-
gests a hemangioma. Contrasted MRI is superior for the 
evaluation of lesions confined to the internal auditory canal, 
but high-resolution CT may be superior in visualizing a 
geniculate ganglion lesion [80, 85]. When differentiating 
these lesions, it is important to remember that the presence of 
facial paralysis in the context of a small lesion (less than 
10 mm) is more suggestive of a hemangioma [80].

Similar to other neoplasms that involve the facial nerve, 
treatment should be individualized with consideration of 
anatomic location, preoperative facial nerve function, preop-
erative hearing function, and the potential need for nerve 
reconstruction. Surgical resection is the mainstay of therapy 
for hemangiomas involving the geniculate ganglion and 
internal auditory canal. For lesions localized to the genicu-
late ganglion in patients with poor hearing, a transmastoid 
approach provides exposure to remove the lesion and graft 
the resected nerve. In the more common situation of patients 
with preserved hearing, the middle fossa approach provides 
better access that allows tumor resection and nerve grafting. 
The approach is typically extradural. The dura is easily ele-
vated from the underlying tumor [80, 84].
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Although the neoplasm is essentially extraneural, exci-
sion while preserving continuity of the nerve is not always 
the expected outcome. Neural invasion is frequently noted at 
surgery [80, 82, 84]. Therefore, preservation of the continu-
ity of the nerve and complete excision of the tumor are not 
always possible, even when lesions are small. The surgeon 
should be prepared to graft the nerve with a greater auricular 
or sural nerve cable graft. Patients should be counseled that 
there is a high likelihood of severe facial nerve dysfunction 
following surgery. A cochlear fistula also may be seen intra-
operatively in patients with normal preoperative hearing. 
The postoperative occurrence of significant sensorineural 
hearing loss is a real risk and patients should be counseled 
appropriately.

The timing of intervention is a matter of debate. Some 
advocate early intervention, especially in patients with small 
lesions, to optimize the chances of facial nerve preservation 
[80]. Advocates for this approach suggest that smaller lesions 
have less perineural reaction, increasing the chances of 
safely freeing the lesion from the nerve. Others believe that 
neural invasion can be seen at any stage and can be difficult 
to predict preoperatively. They therefore recommend waiting 
until facial nerve function is compromised by the tumor, then 
performing resection and nerve reconstruction. Because the 
best expected facial nerve outcome after a cable graft is 
House-Brackmann 3, patients are observed until facial nerve 
function deteriorates to a House-Brackmann 3 or worse [82]. 
There is also the concern that this delayed approach leads to 
poorer facial musculature function after reconstruction, due 
to facial muscle atrophy and fibrosis. Due to the rarity of 
these lesions and the need for individualized treatment, no 
prospective data exist to guide surgeons in choosing an opti-
mal treatment strategy.

 Carcinomas of the Temporal Bone

Squamous cell carcinomas are the most frequent primary 
malignancy of the temporal bone [87]. The neoplasms arise 
from the skin of the EAC or the middle ear cleft. In the EAC, 
squamous cell carcinomas are more common than basal cell 
carcinomas. Their prevalence is 0.8–1.0 per million [88]. 
Squamous cell carcinomas involving the CPA are often very 
advanced at the time of presentation and treatment is often 
palliative. Other types of carcinomatous neoplasms also can 
affect the temporal bone: adenocarcinomas that arise from 
salivary glandular tissue or apocrine and eccrine glandular 
elements in the EAC.  Two malignant subtypes have been 
described: adenoid cystic carcinomas and ceruminous ade-
nocarcinomas (ceruminomas). Their benign counterparts, 
pleomorphic adenomas and ceruminous adenomas, also may 
involve the EAC. They typically present as localized submu-
cosal lesions, without extensive infiltration of surrounding 

soft tissue and neurovascular structures. Owing to their 
extreme rarity, a detailed discussion of these lesions is 
beyond the scope of this chapter.

Squamous cell carcinomas are locally invasive. For early- 
stage lesions, regional metastasis is uncommon [89]. The pat-
terns of extension have been studied [89, 90]. Once the 
neoplasm becomes invasive, it spreads via pathways of least 
resistance along neurovascular structures, fissures, and foram-
ina present within the confines of the temporal bone. Anteriorly, 
tumor cells transverse Santorini’s fissures to extend into adja-
cent soft tissues. This anterior spread results in invasion of the 
temporomandibular joint capsule, zygomatic root, and infra-
temporal fossa. Typically, patients become symptomatic with 
trismus. Inferior spread may involve the stylomastoid fora-
men, extratemporal facial nerve, ramus of the mandible, and 
infratemporal fossa. Initially, medial growth of the neoplasm 
is limited by the presence of the tympanic membrane. 
However, tumor cells may extend into the middle ear around 
the tympanic annulus and eventually through the tympanic 
membrane. Erosion into the posterior wall can result in 
involvement of the mastoid portion of the temporal bone. 
Through the posterior and medial routes, tumor growth can 
progress to involve the ossicular chain, tympanic and mastoid 
portions of the facial nerve, sigmoid sinus, and intrapetrous 
portion of the carotid artery. Through involvement of the ves-
tibule via the round and oval windows, the tumor may extend 
to the internal auditory canal and CPA. Spread along the sig-
moid sinus, jugular bulb, and jugular foramen causes lower 
cranial nerve neuropathies. Involvement of the otic capsule is 
uncommon, but advanced lesions invade the labyrinth. Further 
extension and invasion of the posterior fossa dura ultimately 
result in the tumor entering the posterior fossa and 
CPA.  Superiorly, the tumor can erode into the tegmen and 
invade the middle fossa and temporal lobe [91].

The histological subtypes differ in their degree of cellular 
differentiation. In the well-differentiated subtype, a more 
typical squamous architecture is recognized along with the 
presence of intercellular bridges and pearls of keratin. As 
cellular differentiation is lost, these findings disappear. The 
cellular appearance then becomes more disorganized and 
atypical. Poorly differentiated squamous cell carcinomas are 
characterized by numerous mitotic figures with irregular 
nests of atypical cells. Another rare subtype, spindle cell 
squamous cell carcinomas, demonstrates spindle-shaped 
cells with minimal resemblance to normal epithelial cells. 
This subtype may be difficult to differentiate from certain 
soft tissue sarcomas.

No clear etiological factor has been identified. Chronic 
suppurative otitis media has been suggested as a potential 
cause of middle ear squamous cell carcinomas [92]. Often, 
squamous cell carcinomas arise in a chronically draining ear. 
The chronic inflammation results in metaplasia of the middle 
ear mucosa, with possible progression to carcinoma.
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Squamous cell carcinomas can mimic all the signs and 
symptoms associated with a chronically draining ear. 
Otorrhea, conductive hearing loss, and bloody ear drainage 
are common [92]. Severe otalgia, headache, and progressive 
cranial neuropathy in a draining ear should alert clinicians to 
the possibility of carcinoma. Examination of the EAC reveals 
a red, exophytic lesion or a raised ulcerated plaque. If a vas-
cular lesion has been excluded, any suspicious aural polyp 
should be biopsied [93]. In advanced-stage carcinoma, pal-

pable cervical lymphadenopathy may be present. A palpable 
parotid mass can represent a primary parotid gland neoplasm 
with an extension toward the EAC or a sign of involvement 
of the deep and superficial lobes of the parotid gland by a 
squamous cell carcinoma originating in the EAC. Squamous 
cell carcinomas of the temporal bone involving the CPA are 
advanced lesions that usually destroy the inner ear structures 
and somewhat involve critical neurovascular structures.

Audiometry is helpful in delineating the type of hearing 
loss. Squamous cell carcinomas limited to the middle ear 
cleft usually cause conductive hearing loss. In a chronically 
draining ear, the status of the ossicular chain may be affected 
by the inflammatory process that might have preceded the 
neoplasm. In lesions extending into the CPA, sensorineural 
hearing loss is expected.

Imaging is the mainstay of the diagnostic workup. In 
addition to unraveling the extent of the lesion, imaging is 
crucial in determining the stage of the neoplasm (Table 19.6). 
Destruction of the bony architecture and involvement of the 
otic capsule are best seen on high-resolution CT [94]. 
Contrasted CT of the temporal bone may show the extent of 
the tumor in the surrounding soft tissue (Fig. 19.14). A neck 
CT with contrast shows the presence of cervical metastasis. 
However, if an intracranial extension is suspected or involve-

Table 19.6 University of Pittsburgh staging system for temporal bone 
SCC [92]

Tumor 
type Feature
T1 Tumor limited to EAC without bony erosion or evidence of 

soft tissue extension
T2 Tumor with limited EAC erosion or limited soft tissue 

involvement (< 0.5 cm)
T3 Tumor eroding osseous EAC with limited soft tissue 

involvement. Involves middle ear and mastoid 
T4 Tumor eroding the cochlea, petrous apex, medial wall of 

middle ear, carotid canal, jugular foramen, or dura, 
associated with extensive soft tissue involvement (> 
0.5 cm) or causes facial paralysis

SCC squamous cell carcinoma, EAC external auditory canal

a b

Fig. 19.14 (a) CT of the brain shows a destructive process involving 
the right temporal bone (white arrows). The process extends from the 
external auditory canal into the posterior fossa and is associated with 
destruction of the posterior fossa ridge, otic capsule, and mastoid air- 

cell system. The patient had a squamous cell carcinoma originating 
from the external auditory canal. (b) Note the anterior extension toward 
the petrous apex (black arrow)
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ment of the soft tissue is not clearly evident, MRI with con-
trast is superior to high-resolution CT.  Angiography helps 
evaluate the patency and integrity of the carotid artery, ade-
quacy of the collateral circulation, and venous drainage. 
Carotid artery involvement or encasement requires a balloon 
occlusion test to determine the adequacy of the collateral 
circulation.

Before a therapeutic modality is selected, accurate knowl-
edge of the tumor’s extent, and thus of the T-stage, is essen-
tial. Surgical treatment of temporal bone neoplasms with the 
intent to cure is often a colossal task that requires the inte-
grated efforts of multiple disciplines. The best treatment 
modality is still debated. En bloc resection of temporal bone 
neoplasms with adequate margins is not always possible [92, 
94–96]. The commonly used alternative of a radical mastoid-
ectomy with postoperative radiotherapy has been associated 
with poor survival rates at 5 years [93]. Results for advanced 
temporal bone lesions treated with an extended temporal 
bone resection, dural excision and grafting, partial resection 
of the temporal lobe, and postoperative radiotherapy have 
been encouraging [91]. Aggressive surgical treatment is 
associated with increased morbidity and mortality rates. 
Furthermore, postoperative defects often require major 
reconstruction using a free or regional flap. Obliteration of 
the resultant cavity and postradiotherapy tissue changes 
make it difficult to detect a recurrence.

The widely used staging system devised by the University 
of Pittsburgh has therapeutic implications [95]. A T1 lesion 
is managed with sleeve resection of the EAC, with preserva-
tion of the tympanic membrane and middle ear contents. 
Such localized lesions are uncommon. For T2 lesions, a lat-
eral temporal bone resection with en bloc removal of the 
EAC, malleus, incus, and tympanic membrane is usually rec-
ommended. An extended facial recess approach is per-
formed, and the bone anterior to the vertical portion of the 
facial nerve is removed. The tympanic annulus is removed 
along with the specimen. The facial nerve is followed into 
the stylomastoid foramen. Anteriorly, the dissection contin-
ues toward the zygomatic root superiorly and toward the 
temporomandibular joint inferiorly. The incudostapedial 
joint is dislocated, and the tensor tympani tendon is sec-
tioned. Negative margins are confirmed with frozen-section 
analysis. A lateral temporal bone resection may be performed 
in conjunction with a partial or total auriculectomy, paroti-
dectomy, and cervical lymphadenectomy. If the auricle has 
been removed, a fasciocutaneous free-tissue transfer or a 
regional musculocutaneous flap can be used for 
reconstruction.

A T3 lesion is treated with subtotal temporal bone resec-
tion. All contents of the temporal bone lateral to the internal 
auditory canal and carotid artery are removed. If resection of 
the sigmoid sinus or jugular bulb is anticipated, patency of 
the contralateral venous system should be ascertained. Such 

a defect is reconstructed using a trapezius flap or a rectus 
abdominis free-tissue transfer. Total temporal bone resec-
tion, with or without sacrifice of the carotid artery, with or 
without dural excision, and with or without partial resection 
of the temporal lobe, is recommended for T4 lesions. 
Adjuvant radiotherapy is advised for both T3 and T4 lesions.

Extensive brain involvement, invasion into the cavernous 
sinus, infratemporal fossa, and paraspinal muscles are asso-
ciated with a grim prognosis [97]. Other negative prognostic 
factors are the presence of nodal metastasis, salvage surgery, 
and poorly differentiated subtype [98]. With the advent of 
contemporary skull-base microsurgical techniques and the 
use of more aggressive treatment, the cure rate for T1 and T2 
lesions approximates 100%. In contrast, the cure rates for T3 
and T4 lesions are 50 and 38%, respectively [98]. According 
to the staging system described by Arriaga and colleagues 
[95], temporal bone squamous cell carcinomas involving the 
CPA are considered T4 lesions. Treatment of advanced-stage 
squamous cell carcinomas with a significant extension into 
the CPA is, at best, palliative.

In summary, the original reports of aggressive surgical 
resection yielded poor overall survival rates at 5 years [96, 
97, 99]. Multiple studies have highlighted the importance of 
aggressive, extensive surgical resection of lesions followed 
by postoperative radiotherapy to improve local control [98, 
99]. Surgical treatment that sacrifices important neurovascu-
lar structures is met with some resistance. Most available 
data are limited to retrospective reviews of small series. 
Well-designed studies are needed to help elucidate this 
approach and to define outcomes better.

 Soft Tissue Sarcomas

Soft tissue sarcomas are rare neoplasms derived from cells of 
mesenchymal origin. Depending on the cell type of origin, 
different histological variants exist. In the temporal bone, 
two types are of particular interest: chondrosarcomas and 
rhabdomyosarcomas. These two entities differ pathologi-
cally, clinically, and therapeutically and merit separate 
discussion.

 Rhabdomyosarcomas

Rhabdomyosarcomas account for 5–15% of all childhood 
neoplasms and for 30% of temporal bone sarcomas [100, 
101]. They are the most common malignant neoplasms of the 
temporal bone in childhood. Forty percent of 
 rhabdomyosarcomas occur in the head and neck [102]. 
Commonly affected locations in the head and neck are the 
orbit, middle ear, oral cavity, nasopharynx, and infratempo-
ral fossa [103]. Most occur before the age of 15 years; the 
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mean age at presentation is between 4- and 5-years-old. In 
the head and neck, rhabdomyosarcomas are divided into 
three categories: orbital (23%), parameningeal (56%), and 
nonparameningeal (21%) [102]. Parameningeal denotes 
tumors that develop near the skull base and adjacent 
meninges.

Rhabdomyosarcomas are highly aggressive, locally 
destructive, malignant neoplasms of the soft tissue. Distant 
metastasis is present in 14% of patients at diagnosis and 
associated with the possibility of distal spread to the lungs, 
bone, liver, and brain [104]. In the temporal bone, it is 
hypothesized that rhabdomyosarcomas originate from the 
malignant transformation of myocytes residing in the stape-
dial or tensor tympani muscles. Four histological subtypes 
have been described: embryonal, alveolar, pleomorphic, and 
botryoid [105]. In the head and neck, embryonal rhabdo-
myosarcomas are the most frequently encountered histologi-
cal subtype (85%) followed by alveolar rhabdomyosarcomas 
(15%) [102]. Histologically, embryonal rhabdomyosarco-
mas are characterized by the presence of elongated malig-
nant cells with bipolar processes reminiscent of immature 
rhabdomyoblasts. A single central nucleus is typically pres-
ent along with a relatively abundant eosinophilic cytoplasm. 
Alternating areas of hypercellularity and hypocellularity 
may be seen. In the hypercellular areas, dense small round 
blue cells can predominate, thereby including these neo-
plasms in the differential diagnosis of tumors with small 
round blue cells. Numerous mitotic figures are present. In 
hypocellular areas, a myxoid-appearing stroma is present 
[106].

The alveolar subtype shows clusters of cells resembling 
epithelial cells reminiscent of the pulmonary alveolus with 
intervening sheets of connective tissue. Striations can be 
present along with giant and multinucleated cells [105, 106]. 
The primitive appearance of some rhabdomyosarcomas 
makes their recognition difficult. The addition of immuno-
histochemical analysis is helpful in differentiating some of 
these cases. Antibodies directed against actin, sarcomeric 
actin, desmin, myogenin, and myoD1 can be useful [105].

Rhabdomyosarcomas of the middle ear grow and spread 
by destroying adjacent structures. Medial spread by early 
involvement and invasion of the fallopian canal is seen [103, 
107]. Extension toward the mastoid bone is common. 
Involvement of the otic capsule and vestibule results in fur-
ther medial spread toward the internal auditory canal and 
posterior fossa meninges. Superior extension through the 
tegmen results in involvement of the middle cranial fossa. 
Lateral and inferior extension of the neoplasm results in 
involvement of the EAC and area of the jugular foramen with 
further extension toward the infratemporal fossa and naso-
pharynx. Meningeal and CNS involvement portends a poor 
prognosis and warrants more aggressive therapy.

 Diagnosis

In children, rhabdomyosarcomas mimic all the signs and 
symptoms of chronic suppurative otitis media [87, 101, 108–
110]. The prevalence of infectious disease may delay diag-
nosis. Clinical suspicion should be heightened when patients 
have a middle ear or EAC mass or polyp, an unrelenting 
course despite aggressive antibiotic treatment, and pain asso-
ciated with cranial neuropathy. Early diagnosis and institu-
tion of appropriate multimodality therapy are key elements 
to successful outcomes. Clinically, rhabdomyosarcomas can 
become symptomatic with earache, a middle ear and EAC 
mass or polyp, and intermittent bloody otorrhea. As the 
tumor invades surrounding structures, additional signs and 
symptoms develop: facial weakness, hearing loss, vertigo, 
trismus, and headache.

On temporal bone imaging, rhabdomyosarcomas exhibit 
the characteristics of locally aggressive neoplasms. On high- 
resolution CT [111], these lesions appear as a soft tissue den-
sity associated with infiltrative bony destruction and irregular 
erosion. The middle ear is commonly affected, and different 
parts of the petrous bone and adjacent areas are involved 
depending on the extent of the tumor. The administration of 
contrast material causes heterogenous enhancement.

MRI is helpful in the evaluation of meningeal and CNS 
involvement [112, 113]. On T1-weighted MRI, rhabdomyo-
sarcomas typically have a homogenous appearance isoin-
tense to muscle. When gadolinium is administered, 
enhancement helps delineate the soft tissue component. On 
T2-weighted MRI, rhabdomyosarcomas show a hyperin-
tense signal.

Ultimately, the rhabdomyosarcoma is diagnosed by histo-
logical confirmation. Biopsy material may be obtained from 
an aural polyp or by a myringotomy performed to access the 
middle ear. Tissue also can be obtained during a planned 
mastoidectomy.

 Treatment

It became evident that treatment of temporal bone rhabdo-
myosarcomas requires a multimodality approach with sur-
gery, radiation, and multiagent chemotherapy. Before 
multimodality therapy was available, middle ear and mastoid 
rhabdomyosarcomas were associated with a grim prognosis. 
Through the collaborative work of multiple study groups 
designed to classify and treat patients with rhabdomyosarco-
mas, the outcome of what was once considered a uniformly 
fatal disease has been transformed. The cure rate for these 
chemosensitive tumors now approaches 70% when multimo-
dality therapy is used [114]. This dramatic improvement 
contrasts with the initial poor results obtained with single 
modality treatment (overall 5-year survival rate, 28%) [115].
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The site, histological subtype, IRS stage, patient’s age, 
and type of treatment are important prognostic factors [102, 
116–118]. Parameningeal rhabdomyosarcomas have a worse 
prognosis than orbital and nonparameningeal rhabdomyo-
sarcoma. Embryonal rhabdomyosarcomas have a better out-
come than the alveolar type. Age greater than 10 years or less 
than 1 year is associated with the poorest outcome.

The current clinical classification used to predict tumor 
behavior and response to treatment in a given individual is 
the intergroup rhabdomyosarcoma study (IRS) classification 
system introduced in 1975 [104]. Group I refers to localized 
disease; group II refers to microscopic residual or regional 
disease; group III refers to individuals with incomplete 
resection or biopsy with gross residual disease; and group IV 
includes patients with metastatic disease at presentation.

The results of the studies performed by the IRS I through 
IV have increased understanding of the disease, ultimately 
reducing mortality rates and increasing the disease-free sur-
vival and overall survival rates [104, 119–121]. Before the 
institution of multimodality therapy, the survival rates for 
IRS clinical groups I, II, III, and IV were 0, 14, 0, and 0%, 
respectively [122]. To evaluate and compare the results of 
multimodality treatment, the IRS conducted a series of stud-
ies, IRS I to IV.

The IRS-I study [104] included 686 patients with a rhab-
domyosarcoma or an undifferentiated sarcoma followed 
from 1972 to 1978. The results showed no additional benefit 
of radiotherapy to combination chemotherapy (vincristine 
and dactinomycin or vincristine alone) for clinical group I 
(localized disease completely resected). No benefit was asso-
ciated with adding a daily low dose of oral cyclophospha-
mide to the combination of radiation and chemotherapy 
(vincristine and dactinomycin or vincristine alone) or with 
adding Adriamycin to the combination of radiation and che-
motherapy (vincristine, dactinomycin, and cyclophospha-
mide). The 5-year survival rates for the entire group and for 
those with parameningeal rhabdomyosarcomas were 55 and 
47%, respectively.

The IRS-II study [121] was conducted between 1978 and 
1984 and included 999 patients with rhabdomyosarcoma. All 
patients were included after surgical treatment. In IRS clini-
cal group III, the use of radiation and intrathecal chemother-
apy increased the 5-year survival rate from 47 to 59%.

The IRS-III study [119] was conducted from 1984 to 
1991 and included 1062 patients with rhabdomyosarcomas. 
The major difference in the intervention in the clinical group 
III was a reduction in the radiation fields for parameningeal 
rhabdomyosarcomas without intracranial extension and 
intensification of the chemotherapy regimen. In the clinical 
group III, the 5-year survival rate increased from 59 to 65%.

The IRS-IV study [120] was conducted from 1991 to 
1997 and included 883 patients. For clinical group III, the 
study compared the efficacy of hyperfractionated radiother-

apy with conventional radiotherapy and found no 
difference.

Currently, for parameningeal rhabdomyosarcomas, 
which include middle ear rhabdomyosarcomas, the recom-
mended treatment is surgery for biopsy, followed by radio-
therapy and chemotherapy. Although complete resection is 
the mainstay of treatment for trunk and extremity rhabdo-
myosarcomas, radical resection of parameningeal rhabdo-
myosarcoma results in high morbidity and is disfiguring. 
The timing of treatment is important. For parameningeal 
rhabdomyosarcomas with evidence of intracranial exten-
sion, radiotherapy should be given concurrently with che-
motherapy [103].

Both chemotherapy and radiotherapy have been associ-
ated with complications. Ifosfamide is associated with 
renal tubular dysfunction. High-dose cyclophosphamide is 
associated with veno-occlusive disease, and multidrug regi-
mens are associated with acute myelogenous leukemia 
[120, 123, 124].

The long-term side effects of radiotherapy led to the 
development of trials in Europe, where radiotherapy has 
been excluded from the initial management of low-risk 
groups and reinstituted in the event of recurrence. This ratio-
nale is based on the fact that the “salvage gap” can be restored 
with retreatment. Patients with no relapse who did not 
receive radiotherapy enjoyed a long-term disease-free sur-
vival without late sequelae [101]. Late sequelae include hor-
monal dysfunction, cognitive dysfunction, facial growth 
retardation, hearing loss, and dental and visual problems 
[124]. The application of this rationale to parameningeal 
rhabdomyosarcomas is not accepted because these patients 
are considered to be a high-risk group.

 Hematologic Malignancies

Rarely the temporal bone may be involved by different 
hematopoietic malignancies. Most commonly, tumor cells 
infiltrate the temporal bone and its marrow spaces as part of 
a systemic disease process. Rarely, isolated involvement may 
be seen. Leukemia, lymphoma, and plasmacytoma can affect 
the petrous bone [125–127]. Although all parts of the petrous 
bone can be affected, the middle ear and mastoid are typi-
cally involved.

Leukemia is a neoplastic disorder that affects white blood 
cells and results in the proliferation and accumulation of a 
large number of immature lymphohematopoietic cells. By 
the time of diagnosis, leukemic cells have already infiltrated 
the bone marrow and spread to some extramedullary sites. 
The loss of differentiation and lack of apoptosis cause neo-
plastic cells to accumulate. Based on the particular morpho-
logic and immunophenotypic characteristics of these tumors, 
different classification schemes have been described. 

N. F. Manzoor et al.



263

Detailing each subtype is beyond the scope of this chapter. In 
the temporal bone, symptoms are caused by infiltration and 
hemorrhage. Rarely, the hyperviscosity caused by the large 
number of leukocytes in the circulation can manifest with the 
acute onset of bilateral hearing loss [128]. Leukemic patients 
may become symptomatic with middle ear effusions, facial 
nerve palsy, vertigo, tinnitus, and sensorineural hearing loss 
[125, 127, 129, 130]. Histopathological studies of human 
temporal bones show infiltration of the cochleovestibular 
nerve and facial nerve [125, 131]. Inner ear involvement is 
uncommon [132]. In rare instances, the CPA is involved by 
the accumulation of neoplastic granulocytic cells, chloro-
mas, usually seen in patients with acute myelogenous leuke-
mia [133]. The treatment of acute or chronic leukemia 
involving the temporal bone is medical, and the role of sur-
gery is limited to biopsy.

Lymphomas are neoplastic processes that affect the lym-
phoid system. Histologically, Hodgkin’s lymphoma (HL) is 
characterized by the presence of Reed-Sternberg cells in a 
background of inflammatory stroma. HL is classified into 
different subsets based on morphologic and immunopheno-
typic criteria. The more common non-Hodgkin’s lymphoma 
(NHL) is a heterogenous group of neoplastic disorders of the 
lymphoid system that lacks the characteristic cell type seen 
in HL. Both types of lymphomas infiltrate the bone marrow, 
middle ear, and eustachian tube mucosa [125, 134, 135]. 
Patients may present with middle ear effusion, hearing loss, 
and facial paralysis [136, 137]. Involvement of the temporal 
bone is less common with HL [138]. If no other extranodal 
sites are present, surgery is limited to biopsy. Medical man-
agement is the mainstay of treatment.

Plasmacytomas, monoclonal proliferation of plasma, or 
plasmacytoid cells are variants of multiple myeloma and 
comprise less than 10% of plasma cell dyscrasias [139, 140]. 
Two clinical forms have been described: solitary plasmacy-
tomas of bone and extramedullary plasmacytomas. Solitary 
plasmacytomas of bone manifest with isolated bone involve-
ment that usually affects the axial skeleton and extremities 
without clinical, radiographic, and immunoelectrophoretic 
evidence of multiple myeloma. Conversion to multiple 
myeloma usually occurs in more than half of the patients 
over 4–5 years. Extramedullary plasmacytomas present with 
a space-occupying lesion that consists of neoplastic prolif-
eration of plasma cells outside the bone marrow—usually 
the upper aerodigestive tract and paranasal sinuses [126, 
139]. Temporal bone involvement is rare. High-resolution 
CT shows a lytic process occasionally associated with a soft 
tissue mass [141, 142]. Plasmacytomas usually infiltrate the 
middle ear and mastoid; however, involvement of the otic 
capsule has been described [126, 142]. The diagnosis is 
based on the presence of extramedullary proliferation of 
monoclonal plasma cells without evidence of multiple 
myeloma on bone marrow biopsy. Treatment is usually 

radiotherapy and 25% of plasmacytomas recur. Progression 
to multiple myeloma is uncommon [143].

Regardless of their pathological type, low-grade and 
high-grade lymphohematopoietic neoplasms that originate 
from B or T cells or from plasma cells rarely affect the tem-
poral bone. Clinically, these lesions can mimic any acute or 
chronic middle ear and mastoid pathology. Neural involve-
ment in the form of hearing loss, tinnitus, vertigo, and facial 
paralysis is common. A high index of suspicion, mainly in 
patients with systemic disease, is necessary for timely diag-
nosis. The CPA is rarely involved, and most reported cases 
are limited to small series. A list of adjunctive laboratory 
tests is often necessary for appropriate diagnosis, and treat-
ment is often nonsurgical. Different chemotherapeutic agents 
are used with or without radiotherapy. Radiotherapy alone is 
used to treat extramedullary plasmacytomas and isolated 
lymphomas. The role of the medical oncologist is essential 
for the care of these patients.

 Metastasis of the Temporal Bone

Uncommonly, the temporal bone may harbor a metastasis 
from various carcinomatous neoplasms. The most common 
sites of origin are breast, lung, kidney, stomach, prostate, and 
melanoma [144–146]. In the temporal bone, metastatic dis-
ease commonly affects the petrous apex followed by the 
internal auditory canal [146]. In a study of 1354 CPA lesions, 
the incidence of metastatic disease was 0.2% [147]. Most 
published series are small and spaced over many years. The 
most important mechanism of spread is hematogenous seed-
ing of the marrow-rich portion of the temporal bone. If neo-
plastic cells gain access to the cerebrospinal fluid-containing 
spaces, the internal auditory canal and CPA may be involved 
bilaterally [146].

Clinically, patients may become symptomatic during the 
course of a known malignancy. Or rarely, the temporal bone 
may be the revealing site. Hearing loss, facial palsy, and ver-
tigo occur in 60, 50, and 30% of the patients, respectively 
[145]. The temporal bone may be involved in multiple sites 
in 20% of patients [146].

Radiographically, metastasis demonstrates a lytic process 
on high-resolution CT. MRI shows an infiltrative and destruc-
tive soft tissue mass with low signal intensity on T1-weighted 
images and high signal intensity on T2-weighted images. 
Enhancement is usually present (Fig.  19.15) [113]. The 
petrous apex is commonly involved, but other sites may be 
affected. The destructive process on radiologic studies often 
exceeds the clinical findings [144]. Prognosis is guarded, and 
treatment is palliative. If clinically indicated, surgery is lim-
ited to tissue confirmation. Palliative treatment includes che-
motherapy, with or without radiotherapy, as dictated by the 
nature of the primary lesion.

19 Temporal Bone Neoplasms



264

Fig. 19.15 Gadolinium-enhanced MRI of the temporal bone shows an 
enhancing metastasis from a renal cell carcinoma associated with 
destruction of the posterior dural plate and invasion of the CPA

 Cholesterol Granulomas

Cholesterol granulomas arise in the pneumatized spaces of the 
temporal bone. Their pathogenesis remains unclear. However, 
it is believed that cholesterol granulomas result from occlu-
sion of the temporal bone air-cell system. The resultant nega-
tive pressure causes hemorrhage into the air- cell system and 
subsequently a foreign-body reaction and formation of an 
inflammatory granuloma. The formed granuloma expands to 
involve adjacent areas, including the CPA [148, 149].

As the disease process enlarges, CN VI, VII, VIII, and IV 
may be compressed. Hearing loss, tinnitus, vertigo, and 
headache are common. Imaging is the mainstay of diagnosis. 
On high-resolution CT, cholesterol granulomas appear as 
nonenhancing punched-out lesions isodense to the brain. The 
borders are typically smooth, and rim enhancement is occa-
sionally seen [113]. On T1-and T2-weighted MRIs, choles-
terol granulomas show a distinct increased intensity that is 
unique to these lesions [113, 148]. No enhancement to gado-
linium occurs.

Unlike primary cholesteatomas of the petrous apex, cho-
lesterol granulomas require a drainage procedure. The 
petrous apex can be accessed for drainage by a transmastoid 
infralabyrinthine approach or a transcanal intracochlear 
approach [150–152]. Symptoms are controlled, and preop-
erative cranial nerve function recovers in more than 80% of 
treated cases [150].

 Conclusion

A variety of benign and malignant neoplasms can affect the 
temporal bone and its vicinity. The anatomic proximity of the 
CPA explains its frequent involvement by lesions originating 
from the temporal bone. The signs and symptoms reflect the 

extent and site of involvement. Radiographic studies are 
essential when evaluating patients suspected of having CPA 
pathology. Different factors may alter the choice of treatment. 
These factors may depend on the patient, lesion, and surgeon.

Dealing with lesions of the temporal bone and CPA can 
overwhelm even the most astute physician. The patient 
should be at the center of the discussion and should be 
offered unbiased treatment alternatives. Informed consent is 
a key portion of the process, and appropriate counseling 
often requires repetitive office visits with different special-
ists. A multidisciplinary approach incorporating the talents 
of different physicians gives patients the best chance of 
achieving a favorable outcome.
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20Congenital Rest Lesions and Rare 
Tumors

Madjid Samii, Sam Safavi-Abbasi, Christian Herold, 
and Amir Samii

In 1902, Henneberg and Koch first used the term cerebello-
pontine angle (CPA) in their report of two patients with bilat-
eral vestibular schwannomas in the location that they 
described as Kleinhirnbrüeckenwinkels [1], a term still used 
in German. The CPA contains a variety of neurovascular 
structures. It is outlined by the meninges of the CPA cistern 
and the bony structures of the posterior fossa. Overall, 
lesions of the CPA account for 6–10% of all intracranial 
tumors [2, 3]. With a prevalence of 80–90%, vestibular 
schwannomas represent the majority of these lesions, fol-
lowed by meningiomas and epidermoids [2–4]. The remain-
ing lesions are encountered less frequently. Embryologic 
remnants and metastasis account for many CPA tumors. 
Thus, neurosurgeons encounter a variety of rare lesions in 
this location.

This chapter focuses on the less common, “unusual” CPA 
lesions. This group includes embryologic remnants and mal-
developmental masses such as epidermoid, dermoid, and 
arachnoid cysts; lipomas, nonvestibular schwannomas, and 
CPA metastases; exophytic and skull-base tumors; and other 
rare lesions. In treating many of these lesions since 1968, it 
is the senior author’s (M. Samii) personal experience that, 
regardless of the size and origin of a lesion, the lateral suboc-
cipital retrosigmoid retromastoid approach offers an exqui-
site route to the different pathologies that can involve this 
location.

 General Principles of the Lateral Suboccipital 
Retrosigmoid Approach

Although the retrosigmoid approach is described elsewhere 
in this text, the authors’ technique is reviewed briefly. The 
procedure may be performed with the patient in a semisitting 
(lounging) or supine position (with the head turned 60° 
toward the contralateral side) [2, 3]. For the semisitting posi-
tion, the back of the operating table is elevated to 30°. The 
head is turned 30° to the side of the craniotomy, placed in a 
head-fixation device, and flexed slightly. The head and neck 
are in a natural anatomical position, without strain or com-
promise of the cervical venous drainage. The patient is pad-
ded appropriately. Arterial blood pressure is monitored, and 
a central venous catheter is placed in the right atrium. 
Precordial Doppler ultrasonography is used to monitor for 
signs of air embolism. The risk of air embolism is decreased 
by elevating the legs to the level of the right atrium of the 
heart.

Preoperative bone window computerized tomography 
(CT) and magnetic resonance imaging (MRI) show individ-
ual anatomic variations in the location of the posterior fossa, 
emissary veins, and jugular bulb, as well as in the relation-
ship of the tumor to the internal auditory canal (IAC) and 
other bony structures [5]. Preoperative X-rays of the cervical 
spine are obtained routinely to detect possible spinal abnor-
malities and to prevent medullary compression. 
Somatosensory evoked potentials (SSEPs) are monitored 
throughout the case.

Before the skin is incised, the mastoid eminence, digastric 
groove, and inion should be palpated and identified. A curvi-
linear skin incision is then placed behind the ear, 1.5–2 cm 
medial to the mastoid process. The incision reaches from just 
above the superior nuchal line to the level of C1. The trape-
zius and splenius capitis muscles are detached from the supe-
rior nuchal line. The occipital artery and the greater occipital 
nerve are preserved. Great care should be taken to avoid 
injury to the vertebral artery.
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A suboccipital craniectomy is executed. Important land-
marks are the external occipital protuberance that overlies 
the sinus confluence and the superior nuchal line overlying 
the transverse sinus. A single bur hole is placed below the 
Frankfurt horizontal line, 3 cm behind the external auditory 
canal [2, 3, 6]. Frameless stereotactic guidance is not used 
routinely when planning the craniectomy; use of the ana-
tomic landmarks is preferred.

The dura is separated carefully, and the bone is removed 
with rongeurs until the craniectomy is 3–4 cm in diameter. 
The transverse sinus and its junction with the sigmoid sinus 
should be exposed. Emissary veins are exposed cautiously 
with a diamond drill and then coagulated to avoid air 
embolism.

After the tumor is removed, hemostasis is carefully 
attained. The mastoid air cells are sealed with autologous 
muscle or with fat and fibrin glue, and the wound is closed in 
multiple layers.

 Anatomical Considerations

The complex anatomy of the CPA is discussed elsewhere. 
However, an understanding of the anatomy of the posterior 
fossa cisterns is crucial for surgery involving the CPA. Any 
approach to this region is directed through the subarachnoid 
cisterns. These cisterns create a natural corridor through 
which the major intracranial vessels and cranial nerves can 
be approached. We emphasize complete knowledge of their 

location and relationship to critical neurovascular structures, 
including the interpeduncular cistern, prepontine cistern, 
premedullary cistern, quadrigeminal cistern, cisterna magna, 
cerebellopontine cistern, and cerebellomedullary cistern 
(Fig. 20.1) [7, 8]. Of major importance for the lateral suboc-
cipital retrosigmoid approach are the paired cerebellopontine 
and cerebellomedullary cisterns and the unpaired premedul-
lary cistern.

As its name implies, the cerebellopontine cistern is 
located between the anterolateral surface of the pons and cer-
ebellum. The lateral border is formed by the petrous tempo-
ral bone. When viewed on axial images, this cistern forms a 
triangular space. At the level of the tentorium, this cistern is 
separated from the superiorly situated ambient, or perimes-
encephalic cistern, by the lateral pontomesencephalic mem-
brane. The anterior pontine membrane separates the 
cerebellopontine cistern from the more medially located 
unpaired prepontine cistern. The trigeminal, abducens, 
facial, and vestibulocochlear nerves pass through the cere-
bellopontine cistern. Its outer arachnoidal membrane extends 
into the IAC around the facial and vestibulocochlear nerves. 
The superior cerebellar and anterior inferior cerebellar arter-
ies (AICA) also course through the cerebellopontine cistern. 
The veins in this cistern join near the trigeminal nerve, where 
they form the superior petrosal veins, which usually drain 
into the superior petrosal sinus [9].

The premedullary cistern is located between the lower 
part of the clivus and the anterior surface of the medulla. It is 
separated from the prepontine cistern by the medial ponto-

Fig. 20.1 Anatomical 
representation of the basilar 
cisterns in a sagittal view. 
These cisterns create a natural 
corridor through which the 
major intracranial vessels and 
cranial nerves can be 
approached. Pictured are the 
interpeduncular cistern, 
prepontine cistern, 
premedullary cistern, 
quadrigeminal cistern, 
cisterna magna, 
cerebellopontine cistern, and 
cerebellomedullary cistern. 
Reproduced with permission 
from Barrow Neurological 
Institute
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medullary membrane. The rootlets of the hypoglossal nerve 
join and pass through the posterior aspect of this cistern. 
Inferiorly, the premedullary cistern is continuous with the 
anterior spinal cistern. After ascending through the foramen 
magnum, the vertebral arteries enter the anterior spinal cis-
tern inferiorly. The major veins in this cistern are the trans-
verse medullary veins, the median anterior medullary vein, 
and the vein of the pontomedullary sulcus [8, 9].

The cerebellomedullary cistern is the more lateral aspect 
of the premedullary cistern and the more inferior aspect of 
the cerebellopontine cistern. It is separated from the latter by 
the lateral pontomedullary membrane and from the former 
by the trabeculae anterior to the lower cranial nerves [7, 8]. 
The inferior border of the cerebellomedullary cistern is at the 
level of the foramen magnum. The vertebral artery enters the 
dura at the lower border of this cistern and exits to enter the 
premedullary cistern. The glossopharyngeal and vagus 
nerves and the medullary portion of the accessory nerve arise 
within and course through the cerebellomedullary cistern 
into the jugular foramen. The posterior inferior cerebellar 
artery (PICA) enters the cerebellomedullary cistern, reach-
ing the anterior aspect of the rootlets of the glossopharyn-
geal, vagus, and accessory nerves. The artery passes dorsally 
between the rootlets near the medulla to enter the cisterna 
magna. The major veins in the cerebellomedullary cistern are 
the vein of the pontomedullary sulcus, the lateral medullary 
vein, the retro-olivary vein, and the lateral part of the trans-
verse medullary veins [9]. The fourth ventricle communi-
cates with this cistern through the foramen of Luschka [7, 8].

Once the arachnoid membrane forming the posterior wall 
of the cerebellopontine, cerebellomedullary, and premedul-
lary cisterns is exposed and opened, the structures within 
these three cisterns are in the center of the lateral suboccipi-
tal retrosigmoid approach. The surgeon then has an excellent 
view of their configurations.

 General Techniques of Surgical Resection

After the dura is opened, the remainder of the entire proce-
dure is performed using the operating micro-scope. The dura 
is usually opened along the sigmoid and transverse sinuses. 
To provide extra space, to avoid compression of the cerebel-
lum, and to improve the surgical exposure, the lateral cere-
bellomedullary cistern is opened and cerebrospinal fluid 
(CSF) is withdrawn. The lower cranial nerves are identified 
and protected with a wet cottonoid. The cerebellum is also 
covered with a moist cottonoid, and a brain retractor is placed 
to offer support and to provide exposure [2, 3].

Large tumors may fill the entire CPA and usually must be 
debulked before the cranial nerves can be identified. In the 
case of medium-sized tumors, the vestibulocochlear and 
facial nerves are typically easily identified medially at the 

brainstem. Small intracanalicular lesions, however, may not 
be visible in the CPA. In such cases, the IAC must be opened 
as a first step to identify the lateral tumoral extension. First, 
a circle of dura is excised from the petrous bone posterior to 
the IAC. Next, the posterior wall of the meatus is drilled with 
a high-speed diamond bur under continuous irrigation. Early 
drilling is performed with a 4–5 mm bur. As the fundus is 
approached, smaller diamond burs are used.

Review of preoperative CT scans to determine the posi-
tion of the jugular bulb is essential before the porus is drilled. 
In case of a highly positioned jugular bulb, drilling proceeds 
cautiously to avoid violating the bulb. Drilling of the poste-
rior wall of the IAC skeletonizes the jugular bulb so that it 
can be pressed down. Thereafter, the remaining bone of the 
posterior wall of the IAC can be drilled away.

Care must be taken to avoid opening or injuring the semi-
circular canals and vestibule, especially if the tumor has an 
extreme lateral extension. The remaining distance to the fun-
dus must be evaluated constantly by making use of an angu-
lated micro-instrument. If the semicircular canals are opened 
inadvertently, suctioning of the perilymph and endolymph 
must be avoided. The fenestration should be closed with fas-
cia and sealed with fibrin glue immediately.

As the fundus is approached, the drilling continues in a 
medial-to-lateral direction. In this way, the bone plate 
between the IAC, ampulla of the semicircular canal, and 
jugular bulb can be thinned in 0.1 mm increments with the 
diamond bur without injuring the peripheral vestibular appa-
ratus or jugular bulb. To avoid entering the labyrinth, at least 
2 mm of bone should remain from the fundus of the IAC. A 
small autologous muscle or fat graft is applied to the opened 
portion of the IAC to prevent formation of a CSF fistula.

Using the retrosigmoid approach to the CPA and petro-
clival region, we distinguish different surgical “floors,” 
which are determined by the arrangement of the cranial 
nerves within the CPA [3]. These floors create the surgical 
opening to the tumor. One aperture is between the caudal 
cranial nerves and the seventh and eighth cranial nerves. 
Another opening is between the facial, vestibulocochlear, 
and trigeminal nerves. For the supratentorial portion of a 
tumor, the opening is between the trigeminal and trochlear 
nerves and tentorial edges. To avoid mechanical or thermal 
injury to these structures, moist cottonoids should be used 
for protection. It is crucial to recognize that vascular struc-
tures can be encased by tumor. The AICA is of special ana-
tomical interest because its disturbance can result in 
infarction of the lateral brainstem with catastrophic conse-
quences [2, 3].

Tumor invasion into the cranial nerve foramina can make 
visualization of the cranial nerves difficult. In such cases, 
tumor should be resected piecemeal rather than en bloc. 
Great attention must be paid to prevent injury to the sixth 
cranial nerve. Especially with large tumors, this nerve is not 
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visible until late in the procedure. Therefore, coagulation of 
tumor tissue must be avoided in the vicinity of the abducens 
nerve. Once the tumor is debulked, the abducens nerve 
should be identified at the brainstem and followed to its entry 
point in Dorello’s canal.

The operative field is irrigated continuously with saline 
solution to maintain good visualization. As in vestibular 
schwannoma surgery, the auditory and facial nerves should 
be monitored routinely. If the amplitude of the waveforms 
changes, the surgeon must stop the procedure and change the 
strategy for resection. The suboccipital route offers the best 
opportunities for preservation and for reconstruction of the 
facial nerve. To avoid additional surgeries, reconstructive 
procedures may be performed during the same operative set-
ting [2, 3].

 Epidermoids and Dermoids

Epidermoids and dermoids are both ectoderm-lined inclu-
sion cysts, but their complexity differs. Enclosed ectoder-
mal cysts may arise when the surface ectoderm fails to 
separate entirely from the underlying neural tube [10, 11]. 
They also may result from abnormal sequestration or invagi-
nation of surface ectoderm along the embryologic sites of 
dermal fusion that form the eyes, ears, and face [10, 12]. 
Implantation of epidermoids can also be iatrogenic after 
lumbar puncture and has been reported in all age groups. 
Stab and puncture wounds can also cause a traumatic 
implantation.

Epidermoid tumors represent 0.2–1.8% of intracranial 
tumors. Their most common location in the central nervous 
system is the CPA. Epidermoids represent 4.6–6.3% of all 
CPA lesions and are the third most common lesion of the 
CPA after vestibular schwannomas and meningiomas [2, 13]. 
Thus, epidermoids are much more common than dermoids. 
Dermoids are midline lesions that rarely invade the CPA lat-
erally. They contain elements from all layers of skin. Thus, 
fat, hair, and sebaceous glands can be found in addition to 
squamous epithelium. Dermoids may be associated with der-
mal sinuses to the skin surface and may cause focal changes 
in skin pigmentation, tufts of external hair, and, in the spinal 
cord, spina bifida [12].

In both lesions, rupture of the cyst can cause aseptic 
meningitis. Repeated episodes of such granulomatous men-
ingitis may then lead to hydrocephalus in patients with der-
moids and epidermoids. Dermoid cysts usually contain a 
mucoid, brown, oily fluid. Epidermoids usually contain a 
pearly, flaky material. In 1829, the French pathologist Jean 
Cruveilhier described these tumors as “pearly tumors” 

(tumeur perlée) [13]. Malignant change of dermoids and 
epidermoids to squamous cell carcinoma is extremely rare 
but fatal [14, 15].

On CT scans, epidermoid cysts usually appear as low- 
density cystic masses with irregular margins. In contrast to 
arachnoid cysts, which constitute the main differential 
diagnosis, epidermoid cysts produce no adjacent bony 
reaction on CT [10, 16]. On T1-and T2-weighted MRIs, the 
signal intensity of epidermoids is usually higher than that 
of CSF, with heterogeneous and marbled features 
(Fig.  20.2). On conventional MRIs, however, the signal 
intensity is often similar to that of CSF [11]. Diffusion-
weighted images and fluid-attenuated inversion recovery 
sequences (FLAIR) are newer imaging modalities that 
allow differentiation of epidermoid and arachnoid cysts 
and also confirmation of the presence of residual tumor 
[17]. Due to their fatty content, dermoid cysts have nega-
tive attenuation values on CT scans and high signal inten-
sity on T1-weighted MRIs [11, 16]. They may have 
calcifications [16].

Intracranial epidermoid and dermoid cysts usually grow 
slowly [10, 11, 13, 18]. Their clinical presentation is thus 
delayed, and symptoms depend on the close adhesions of 
the cystic capsule and compression of neurovascular struc-
tures. Facial nerve involvement and unilateral hearing loss 
are the most common presenting symptoms. However, facial 
nerve symptoms occur earlier than with vestibular schwan-
nomas [2, 13]. Some patients may present with a classic tri-
geminal neuralgia or constant neuralgic pain [2, 18]. Rarely, 
malignant transformation has been described [19–21]. 
These cysts have also been associated with abnormalities of 
the craniovertebral junction and Klippel-Feil cervical fusion 
defects [22].

Even large tumors that extend beyond the CPA can usu-
ally be managed through the retrosigmoid approach [10, 11, 
13]. Since 1984, most cases have been managed through this 
approach (Table  20.1). Goel and colleagues described 96 
cases, 85 of which were managed with the suboccipital 
approach; their resection rate was 48% [36]. Because hear-
ing can improve or recover, a translabyrinthine approach 
should not be used to treat patients with a dermoid or epider-
moid of the CPA, if possible [38]. However, the surgical 
approach must be tailored to the location and extent of an 
individual lesion to ensure optimal exposure.

Bilateral lesions that involve the cranial nerves on both 
sides constitute a surgical challenge. Resection of these 
masses in a stepwise manner is emphasized. Significant time 
should be allowed between the two procedures to allow the 
recovery of possible deficits, especially of the lower cranial 
nerves.
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Fig. 20.2 Axial MRIs with contrast enhancement show a cerebello-
pontine angle epidermoid cyst (a) with an extension in the middle fossa 
(b). CT scan shows extension and widening of the internal auditory 

meatus (c). Intraoperative view shows the typical pearly appearance of 
an epidermoid tumor (d)
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Table 20.1 Summary of approaches and surgical resection rates in treatment of epidermoid tumors in a review of major surgical series over 
22 years

Reference Suboccipital (No.) Subtemporal (No.) Combination (No.) Removal rate (%)
Fischer et al. [23] 6 – – na
Berger and Wilson [10] 11 – 1 (suboccipital and frontotemporal) 0
Sabin et al. [24] 10 3 7 (supra- and infratentorial) 5
Salazar et al. [25] 10 2 4 (suboccipital and subtemporal) 0
Morard and De Tribolet [26] 5 – – na
deSouza et al. [27] 23 – 4 (suboccipital and middle fossa) 18
Yasargil et al. [11] 22 – – 97
Altschuler et al. [28] 10 – 1 (retromastoid and frontotemporal) na
Lunardi et al. [29] 16 1 – 35
Vinchon et al. [30] 5 – 4 (suboccipital and subtemporal) 55
Samii et al. [13] 40 – – 75
Mohanty et al. [31] 23 1 1 (suboccipital and subtemporal) 48
Talacchi et al. [32] 17 3 – 55
Mallucci et al. [33] 6 – – 62
Kobata et al. [18] 30 – – 56
Lakhdar et al. [34] 9 1 – 40
Schroeder et al. [35] 5 – – 37
Goel et al. [36] 85 9 2 (suboccipital and subtemporal) 48
Safavi-Abbasi et al. [37] 11 1 – 75

na not available

The capsule is thin and adherent to the arachnoid at 
numerous sites. Once the capsule is observed, the cyst can be 
entered and its soft contents removed first to debulk the 
tumor. Afterward, the matrix can be separated from the neu-
rovascular structures under optimal visualization. The strat-
egy is then to remove the tumor completely in one region 
before moving to the next region. In this way, no small tumor 
remnants are overlooked and the risk of regrowth is lowered. 
As a final step, all the corners of the CPA should be inspected 
with an endoscope, and the surgical field should be irrigated 
to ensure removal of remnants.

In the senior author’s experience with the surgical resec-
tion of more than 100 CPA epidermoids through the suboc-
cipital retromastoid approach, total removal was achieved 
safely in more than 75% of cases. Postoperative deficits are 
primarily related to the degree that the cystic capsule of 
dermoids and epidermoids adheres to the neurovascular 
structures. Consequently, it is advisable to leave small por-
tions of the capsule rather than risk a surgical catastrophe 
[10, 13].

 Arachnoid Cysts

Arachnoid cysts are pouch-like intraarachnoid masses that 
supposedly form by splitting of the arachnoid membrane 
[39]. Typically, these cysts are considered to be congenital 
lesions. Examples in the literature, however, suggest that a 
subgroup may be acquired [40].

The neuroimaging characteristics of arachnoid cysts 
almost exactly match those of CSF (Fig.  20.3) [16]. The 
lesions have smooth, rounded edges. They displace neuro-
vascular structures and may erode adjacent bone structures. 
In the CPA, arachnoid cysts essentially behave as locally 
expanding masses and may become quite large [41]. They 
can manifest with various “posterior fossa symptoms” such 
as hearing loss, vertigo, tinnitus, cranial nerve weakness, or 
other unusual symptoms [42–47]. Often, however, the pre-
sentation is associated with vague, nonspecific complaints 
such as headaches and dizziness [39].

Various surgical techniques such as stereotactic punc-
ture, shunting, cyst fenestration, radical open resection, and 
endoscopic management have been used to treat these 
lesions [39, 48–50]. Conservative management of asymp-
tomatic cases with clinical and radiological follow-up will 
identify cases that may require surgical intervention. 
Surgical therapy and technique should be based on the fol-
lowing criteria: cystic growth; compression of neurovascu-
lar structures; and, most importantly, the patient’s signs and 
symptoms, especially progressive clinical worsening. 
Patients with compression of cranial nerve, or brainstem 
and related symptoms usually profit from surgical treat-
ment. The best way to prevent a recurrence is to resect the 
entire cyst wall. The suboccipital route permits safe expo-
sure of the cyst and surrounding neurovascular structures 
[39]. Regardless of the procedure used for treatment, out-
comes tend to be excellent with appropriate selection of sur-
gical indications and techniques [51–53].
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Fig. 20.3 Preoperative MRI (a) and intraoperative images (b and c) of a cerebellopontine angle arachnoid cyst

 Nonvestibular Schwannomas

Intracranial schwannomas compose about 8% of all primary 
brain tumors [2, 3]. All cranial nerve schwannomas may 
occur as posterior fossa masses because of the location of the 
cranial nerves within the posterior fossa cisterns. The trigem-
inal nerve is the second most commonly involved cranial 
nerve, and trigeminal neurinomas account for 0.8–8% of 
intracranial schwannomas [54, 55]. Other cranial nerve 
schwannomas are uncommon, and preoperative radiological 
investigation is essential to establish their precise location 
(Fig. 20.4). Schwannomas also can manifest as intracranial 
or extracranial skull-base tumors. MR imaging has revolu-

tionized their preoperative diagnosis, but CT and plain 
X-rays are still useful in defining bony architecture and 
skull-base anatomy for preoperative planning.

On plain X-rays, trigeminal neurinomas of the middle 
fossa and dumbbell-shaped lesions usually produce a sharp- 
edged bone defect in the floor of the middle fossa involving 
the foramen ovale, foramen spinosum, and petrous apex. The 
lateral aspect and dorsum of the sella, anterior clinoid pro-
cess, and superior orbital fissure may be involved with some 
trigeminal schwannomas. In the case of jugular foramen 
schwannomas, plain X-ray and bone window CT scans show 
enlargement of the jugular foramen and bony destruction. On 
MRI the jugular bulb may not be patent [54, 56]. Clinically, 
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a b

Fig. 20.4 Axial (a) and coronal (b) MRIs of a trochlear schwannoma in the posterior fossa associated with a cyst

sensation may be decreased in all three branches of the nerve. 
Facial pain may occur but is not a consistent feature of tri-
geminal schwannomas. Other symptoms associated with 
compression of other neurovascular structures also occur.

In 1955 Jefferson classified these tumors into three types: 
type 1 tumors, mainly in the middle fossa; type 2 tumors, 
mainly in the posterior fossa; and type 3 tumors with exten-
sion into both cranial fossae (Fig. 20.5) [56]. We have classi-
fied these tumors, depending on their radiological features, 
into four subtypes. Type A tumors are predominantly located 
in the middle cranial fossa. Type B tumors are located in the 
posterior fossa. Type C tumor are dumbbell-shaped and 
extend into both cranial fossae. Type D tumors are primarily 
extracranial tumors with some degree of intracranial 
extension.

Finally, we usually use a frontotemporal craniotomy and 
an epidural or transsylvian approach for type A tumors. A 
low temporal craniotomy and zygomatic osteotomy may be 
necessary to avoid excessive retraction. A retrosigmoid cra-
niectomy is the favored approach for type B tumors. 
Dumbbell-shaped tumors with extension into two cranial 
fossae are the most difficult to excise completely. In the past, 
we usually used a combined or staged modification of retro-
mastoid and subtemporal approaches. For meningiomas of 
the petroclival region with an extension to Meckel’s cave, we 
developed and used a modification of the retrosigmoid 
approach (retrosigmoidal suprameatal transpetrosal apex 
approach) in 1982 to open Meckel’s cave [57]. This approach 
is also ideal for removing dumbbell-shaped trigeminal 

schwannomas. Type D tumors usually originate from the 
mandibular or maxillary divisions of the trigeminal nerve 
and reach into the infratemporal fossa through the foramen 
ovale or foramen rotundum. An extradural subtemporal- 
infratemporal approach through a preauricular-infratemporal 
skin incision is typically selected. If an intradural extension 
is present, this approach can be combined with a temporal 
craniotomy. Great care must be taken to avoid injury of the 
facial nerve within parotid tissue and the petrous section of 
the carotid artery.

Schwannomas arising from the ninth, tenth, and eleventh 
cranial nerves compose only about 2.9% of all cranial 
schwannomas [54, 56]. These tumors are usually reviewed 
collectively as jugular foramen schwannomas because the 
actual nerve of origin often cannot be determined (Fig. 20.6). 
Symptoms may not manifest before the tumor becomes 
large. These tumors are rare in the first decade of life. Their 
occurrence in young patients should raise the suspicion of 
neurofibromatosis 2.

Size and origin of the tumor define the clinical presenta-
tion and also the appropriate surgical approach. Tumors that 
arise proximally mainly extend intracranially and manifest 
as masses involving the posterior fossa or CPA. Tumors aris-
ing in the midsection of the nerve expand the temporal bone. 
Distal lesions usually present as extracranial, skull-base, or 
cervical tumors.

We have classified these tumors into four types [56]. Type 
A tumors are primarily CPA masses with minimal extension 
into the jugular foramen. Type B tumors are primarily in the 
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c

Fig. 20.5 CT scan (a) and MRI (b) of a large melanotic trigeminal neurinoma with an extension into multiple cranial fossae. Intraoperative view 
(c) after complete resection and preservation of the fifth cranial nerve
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c
d

Fig. 20.6 Coronal (a) and sagittal (b) contrast-enhanced MRIs of a large jugular foramen schwannoma displacing the brainstem. Axial images 
contrasted MRI of another patient with a very large schwannoma of the jugular foramen before (c) and after (d) operative management

jugular foramen with some intracranial extension. Type C 
tumors are primarily extracranial, and type D tumors are 
dumbbell-shaped lesions with intra-and extracranial compo-
nents. By virtue of the proximity of the jugular foramen to 
the IAC, patients with type A and B tumors often become 

symptomatic with symptoms referable to the seventh and 
eighth cranial nerves. The lateral suboccipital craniectomy 
provides good exposure for type A tumors. A single-stage 
combined cervical-transmastoid approach usually provides 
sufficient exposure for all other types of tumor [56, 57].
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 Metastatic and Exophytic Lesions

Although rare, metastasis to the CPA complicates the differ-
ential diagnosis of space-occupying lesions in this region 
(Fig. 20.7). Carcinoma of the lung and adenocarcinoma of 
the breast are most commonly encountered, probably related 
to their overall high rates of occurrence. However, gastroin-
testinal and genitourinary carcinomas as well as various 
other metastatic tumors, such as squamous cell carcinomas 
of the oropharynx, malignant lymphomas, malignant fibrous 
mesotheliomas, thyroid cancers, and malignant melanomas, 
may involve the CPA. Metastatic melanomas have a special 
predilection for hematogenous seeding of the IAC [16]. 
Tissue in the central nervous system is a common site of 
metastasis. Primary CPA melanoma is extremely rare; how-
ever, bilateral IAC involvement may occur with both meta-
static and primary CPA melanomas.

Metastatic lesions are usually associated with an acute 
onset of uni or bilateral hearing loss or other cranial neuropa-
thies. Symptoms may include nonspecific symptoms such as 
headache, ataxia, or nausea. Facial palsy is common and 
occurs more suddenly as compared with schwannomas, 
meningiomas, or other benign slow-growing tumors. Facial 
palsy may therefore be misdiagnosed as Bell’s palsy.

Because of their hypervascularity, metastatic tumors usu-
ally enhance with intravenous contrast administration. 
Peritumoral edema disproportionate to the size of the mass 
can occur and is best detected on T2-weighted MRIs. Unlike 
benign tumors of the CPA, metastatic tumors seldom become 
large before they are diagnosed. Rather, they manifest early 
with fulminant and rapidly progressive symptoms. Their 
radiographic appearance, however, is variable and may 
resemble more common lesions in this location. Thus, the 
rapid onset of symptoms and a history of malignancy should 
prompt consideration of the diagnosis.

Yet, a history of previous malignancy and the subse-
quent appearance of a lesion in the CPA does not necessar-

ily imply metastasis because second tumors can occur. 
Cases that arouse suspicion preoperatively require a thor-
ough systemic evaluation. CSF cytology and serum tumor 
antigen examination are helpful. Frequently, a diagnosis 
cannot be obtained before surgery, and a neuropathologic 
examination of the tissue is needed to obtain the final 
diagnosis.

Complete tumor removal is usually the goal of surgical 
therapy. Often, the choice between therapeutic and palliative 
resection and tissue biopsy must be decided during surgical 
resection. Thus, the risk of injury to cranial nerves and qual-
ity of life must be weighed against the goal of oncologic 
intervention, especially considering the radio- and chemo-
sensitivity of some lesions. However, local excision of soli-
tary lesions can be remarkably beneficial [2, 3].

Parenchymal tumors that grow exophytically, such as 
medulloblastomas and gliomas, may extend into the CPA 
and mimic other lesions in this location [58]. At the lateral 
foramen of Luschka, the ependymal lining of the ventricle 
becomes everted and turns into the subarachnoid space of the 
cistern. Ependymomas and papillomas of the choroids plexus 
may grow through outlets of the fourth ventricle. Thus, a 
fourth ventricular component may be visible on MRI. The 
clinical and radiological presentation of intraaxial tumors, 
however, may be similar to that of the more common extra-
axial lesions.

When patients become symptomatic with symptoms of 
short duration, rapid progression to brainstem dysfunction, 
hydrocephalus, and surrounding parenchymal edema associ-
ated with a relatively small mass, an intraaxial origin should 
be suspected. Extraaxial masses are uncommon in child-
hood. Therefore, a CPA mass in a child should raise the sus-
picion for an exophytically growing parenchymal mass [58]. 
As for other CPA masses, a retrosigmoid craniotomy usually 
provides good access to the tumor. Again, pathologic exami-
nation of the tissue is often needed to obtain the final 
diagnosis.

a c d

b

Fig. 20.7 Axial MRI (a and b) after contrast enhancement (a) of an 
intracanalicular vascular malformation. Intraoperative view shows the 
typical appearance of a cavernous malformation (c). Complete removal 

of the lesion and hematoma was associated with preservation of the 
facial and vestibulocochlear nerve complexes (d)
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 Lipomas

Clinically, lipomas can manifest like vestibular schwanno-
mas and be associated with widening of the IAC on CT and 
MRI. A completely intracanalicular appearance is also pos-
sible. As cited by Samii and colleagues [2], in 1859, Klob 
found the first CPA lipoma at autopsy of a patient with hear-
ing loss. Like other fatty tissues, lipomas are usually isoin-
tense or hypointense on T2-weighted MRIs. Typically, they 
appear bright on T1-weighted MRI [16]. This appearance is 
unique. However, some dermoids and epidermoids with a 
high fat content may appear fairly similar on MRI. On CT 
scans, lipomas usually appear as homogeneous, hypodense, 
and nonenhancing lesions [2]. These tumors are character-
ized by a high degree of neurovascular infiltration. Our expe-
rience has shown that surgery should be avoided because the 
natural history of these lesions is associated with far fewer 
complications than neurosurgical interventions.

 Conclusions

Congenital rest lesions and other rare tumors of the CPA 
compose a subgroup of unusual disease entities that pose 
unique treatment challenges. Sound surgical judgment and 
experience in their management are critical in achieving 
excellent outcomes and long periods of disease-free 
survival.
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21Vascular Lesions 
of the Cerebellopontine Angle

Simone E. Dekker, Robert W. Tarr, Warren R. Selman, 
and Shakeel A. Chowdhry

Lesions of the cerebellopontine angle (CPA) offer a unique 
challenge to neurosurgeons because of their close proximity 
to the brainstem and cranial nerves. Although not as common 
as schwannomas and meningiomas, a number of vascular 
disorders can also arise in this region. Diagnostic and thera-
peutic advances have dramatically improved outcomes for 
patients affected by these lesions. The purpose of this chap-
ter is to provide a systematic and comprehensive review of 
the most common vascular lesions that occur in the region of 
the CPA, including vascular compression syndromes, aneu-
rysms, cavernous malformations, and hemangioblastomas. 
The principal diagnostic and therapeutic considerations for 
each lesion are discussed.

 Vascular Loop Compression

Cranial nerve compression by vascular loops in the CPA is a 
well-recognized phenomenon. The most common vascular 
compression syndrome is trigeminal neuralgia, which 
involves compression of the trigeminal nerve by the superior 
cerebellar artery (SCA), posterior inferior cerebellar artery 

(PICA), or more rarely, an ectatic basilar artery [1, 2]. The 
transverse pontine veins are frequently involved in compres-
sion of the trigeminal nerve. These veins pass close to the 
trigeminal nerve to reach the bridging veins that enter the 
superior petrosal sinus. Hemifacial spasm is caused by com-
pression at the facial nerve root entry zone by the anterior 
inferior cerebellar artery (AICA), PICA, or vertebral artery, 
in decreasing order of frequency (Fig. 21.1) [3]. Because the 
relationship of the vessels to the cranial nerves must be 
assessed, digital subtraction angiography is not very useful 
when vascular loop compression is suspected. Thin-section 
high-resolution T2-weighted magnetic resonance imaging 
(MRI) (e.g., FIESTA sequence) of the CPA with a 3-Tesla 
magnet can sometimes clarify the diagnosis (Fig. 21.2) [1, 4, 
5]. However, a negative MRI does not necessarily rule out 
compression. The differential diagnosis for vascular loop 
compression includes a PICA or vertebral artery aneurysm, 
and arteriovenous malformation (AVM) involving the CPA, 
and vertebrobasilar dolichoectasia [1].

The treatment of choice for vascular loop compression 
syndromes is microvascular decompression via a variation in 
the lateral suboccipital/retrosigmoid approach. The trigemi-
nal nerve is exposed through an infratentorial lateral supra-
cerebellar approach, which allows the nerve to be 
decompressed in the lateral portion of the cerebellar tentorial 
surface. Facial nerve decompression is best performed 
through a lateral suboccipital infrafloccular approach, which 
exposes the inferior portion of the petrosal surface [6]. These 
approaches offer excellent visualization of the compressed 
nerve root entry zone while minimizing cerebellar retraction, 
which is associated with injury to the eighth cranial nerve 
[6–8]. Most series report a long-term success rate of more 
than 90% [9–14]. Endoscopic visualization in these 
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Fig. 21.1 Patient with left-sided hemifacial spasm. The intraoperative view demonstrates compression of the left facial nerve at root entry zone 
by a loop of the anterior inferior cerebellar artery (arrow)

approaches can be utilized as well to allow for improved 
visualization when smaller craniotomies are made [15].

Other less invasive options for treatment of cranial neuro-
vascular compression syndromes include stereotactic radio-
surgery (SRS), percutaneous balloon compression, 
percutaneous glycerol rhizotomy, and percutaneous radiofre-
quency thermal rhizotomy. SRS carries the lowest rate of 
long-term success and may be a good option for patients with 
multiple sclerosis and those unable to undergo other treat-
ment options. Rhizotomies are effective but often with less 
long-term durability than microvascular decompression and 
often with limited ability to treat V1 symptoms. Microvascular 
decompression offers the highest long-term success rate with 
lower risk of facial numbness than the other treatment options.

In vertebrobasilar dolichoectasia, the offending vessel is 
an ectatic elongated vertebrobasilar system. Vertebrobasilar 
dolichoectasia most often manifests with symptoms of 
thromboembolic ischemia in the posterior circulation terri-
tory or with hemorrhage. Rarely, it causes symptoms from 
direct compression of cranial nerves or the brainstem 
(Fig. 21.3). Zaidi and colleagues reviewed the surgical strat-
egies and clinical outcomes of microvascular decompression 
for hemifacial spasm secondary to vertebrobasilar dolicho-
ectasia [16]. Employing Teflon pledgets alone provided good 
symptom relief with acceptable morbidity. Sling transposi-
tion can be used to augment decompression in patients with 
long segment compression [16].
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Fig. 21.2 (a) The FIESTA sequence can reveal the site of arterial com-
pression as in this patient with right-sided trigeminal neuralgia. (b) The 
FIESTA sequence depicts a small arteriovenous malformation (AVM) 

causing left-sided trigeminal neuralgia (arrow). Treatment of the AVM 
with stereotactic radiosurgery resulted in resolution of symptoms

Fig. 21.3 Left retrosigmoid approach. A dolichoectactic basilar artery 
(directly under suction) causes direct compression of the trigeminal 
nerve (elevated by dissector)

 Aneurysms

 Fusiform Aneurysms

Atherosclerotic fusiform aneurysmal dilatation of the verte-
brobasilar system is especially challenging for neurosur-
geons to treat. This condition often manifests with posterior 

circulation thromboembolic disease and is associated with a 
poor prognosis. Occasionally, fusiform aneurysmal dilation 
of a tortuous vertebrobasilar system can cause CPA syn-
drome. Treatment of fusiform aneurysms can include decon-
structive measures (e.g., unilateral/bilateral vertebral 
sacrifice or basilar artery occlusion after confirmation of 
adequate collateral circulation), stent-assisted coil emboliza-
tion, and flow diversion [17]. If collateral circulation is 
 inadequate, external carotid artery-to-posterior circulation 
bypass grafting should be performed before endovascular 
therapy or surgical trapping (Fig. 21.4) [18]. Staged endo-
vascular occlusion of the vertebral arteries can also lead to 
aneurysmal thrombosis by altering flow dynamics [19]. The 
elimination of pulsatile blood flow in the thrombosed aneu-
rysm usually improves symptoms of mass effect; although in 
the case of dissecting fusiform atherosclerotic aneurysms, 
there is an ongoing dynamic process of clot lysis and forma-
tion. For these aneurysms, complete occlusion of flow into 
the aneurysm is necessary for the thrombosed portion of the 
aneurysm to decrease in size.

 Saccular Aneurysms

Aneurysms occur commonly in the posterior circulation at 
the basilar apex, PICA origin, SCA origin, and vertebrobasi-
lar junction. SCA aneurysms and vertebral/PICA aneurysms 
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Fig. 21.4 The involvement of this giant midbasilar aneurysm with per-
forators makes it unsuitable for clipping. The flow to the aneurysm is 
reversed with an aneurysm clip, placed either proximally or distally, 
and it is revascularized with an STA-to-PCA bypass. The distal circula-
tion must be bypassed with an anastomosis from the STA or occipital 
artery into the PCA or superior cerebellar artery. Reproduced with per-
mission from Barrow Neurological Institute

Fig. 21.5 Illustration shows the exit of the anterior inferior cerebellar 
artery from the basilar artery and its course. Reproduced with permis-
sion from Barrow Neurological Institute

are covered elsewhere in this book. Here we will focus on the 
more uncommonly encountered AICA aneurysm. The AICA 
arises from the mid to lower third of the basilar artery 
(Fig. 21.5) and is divided into three segments. The premeatal 
segment extends from the exit of the AICA from the basilar 
artery to the seventh and eighth cranial nerve complex and 
provides perforators to the brainstem. The meatal segment is 
related to the internal auditory canal and may also give off 
small perforating branches. Finally, the postmeatal segment, 
which is distal to the seventh and eighth cranial nerve com-
plex, subsequently divides into rostral and caudal branches. 
The internal auditory (labyrinthine) artery is a branch of the 

rostral division of the postmeatal segment. The distal AICA 
then joins branches of the PICA and the SCA to supply the 
cerebellum.

Patients with saccular AICA aneurysms typically become 
symptomatic with subarachnoid hemorrhage (SAH). 
Because of its proximity to many vital structures, an unrup-
tured AICA aneurysm may also cause neurological deficits 
related to local mass effect, including cranial nerve deficits 
(particularly facial palsy and hearing loss from compression 
of the seventh and eighth cranial nerves), long-tract signs 
from brainstem compression, and occipital or retromastoid 
headache.

Diagnosis of SAH associated with an aneurysm is 
straightforward or when a flow-void on MRI or magnetic 
resonance angiography (MRA) demonstrates a signal consis-
tent with an aneurysm. However, diagnosis of aneurysms 
causing symptoms of mass effect can be more challenging. 
Occasionally, heterogeneous MRI signal loss occurs, 
depending on the particular flow dynamics within the aneu-
rysm [20]. The signal characteristics of partially thrombosed 
aneurysms are even more variable. Such aneurysms can mas-
querade as CPA tumors such as acoustic neuromas or menin-
giomas [20]. A high degree of suspicion and factors such as 
sudden presentation of symptoms can help attain the correct 
preoperative diagnosis of AICA aneurysms. Digital subtrac-
tion angiography remains the gold standard for the evalua-
tion of these aneurysms (Fig.  21.6). In some centers, 
computed tomography angiography (CTA) has replaced con-
ventional angiography as the initial diagnostic study in 
patients suspected of harboring aneurysms.

AICA aneurysms can be categorized into proximal and 
distal types. Proximal aneurysms arise from the basilar–
AICA junction or at the premeatal segment. Distal aneu-
rysms usually arise from the rostral postmeatal branch. 
Suzuki and colleagues proposed that the AICA can be sacri-
ficed distal to the internal auditory branch because of anasto-
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Fig. 21.6 (a) On noncontrasted computed tomography, a giant anterior 
inferior cerebellar artery (AICA) aneurysm appears as a hyperdense 
mass in the cerebellopontine angle. (b) Cerebral angiogram shows the 
giant AICA aneurysm. (c) Postoperative angiogram confirms successful 

clipping of the aneurysm with preservation of the parent vessel. From 
Gonzalez LF et al. [21], reproduced with permission from Lippincott 
Williams & Wilkins
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Fig. 21.7 Illustrations showing (a) axial and (b) sagittal views of sur-
gical approaches for clipping complex aneurysms involving the cere-
bellopontine angle. The approach must be tailored to the size, 
configuration, and precise location of the aneurysm. A significant 
amount of bone may need to be removed to obtain adequate exposure of 

large or complex lesions. In such cases, the extended orbitozygomatic, 
transpetrosal, or extended far-lateral approaches may be considered as 
surgical options. Reproduced with permission from Barrow 
Neurological Institute

motic connections with branches of PICA and SCA [22]. 
However, the adequacy of these anastomotic vessels is 
extremely difficult to assess intraoperatively and during 
cerebral angiography [21].

Aneurysms of the AICA are exceedingly rare. In the 
series reported by Gonzalez and colleagues of more than 
3500 saccular aneurysms treated surgically during a 16-year 
period, a mere 34 (1.7%) arose from the AICA [23]. Of these, 
21 became symptomatic with SAH.  Of the 13 unruptured 
aneurysms, seven manifested with brainstem compression. 
Eight aneurysms were giant (> 2.5 cm). Depending on the 
anatomic features of the aneurysm, various surgical 
approaches, including the retrosigmoid, far-lateral, transco-
chlear, translabyrinthine, and orbitozygomatic (Fig.  21.7), 
were used. Important considerations in choosing a surgical 
approach include the height of the aneurysm relative to the 
clivus and the position of the aneurysm along the course of 
the AICA. Among the 19 patients in this series for whom 
long-term follow-up information was available, 56% devel-
oped neurologic complications, including cranial nerve palsy 
(68%), cerebrospinal fluid (CSF) leakage (18%), hemipare-
sis (13%), and orbital hematoma (5%). Cranial nerve injury 
included palsy of the sixth (68%), seventh (23%), and eighth 

(17%) cranial nerves. At discharge, the mean Glasgow Coma 
Scale score for these patients was not significantly different 
than at admission. The high complication rate in such expe-
rienced hands underscores the difficulty involved with the 
surgical management of AICA aneurysms.

 Treatment of Aneurysms

 Choice of Surgical Approach

Treatment of AICA aneurysms requires expertise in vascular, 
endovascular, and skull-base surgical techniques. The unique 
difficulty associated with clipping these aneurysms partially 
reflects their location near the skull base and their proximity 
to multiple cranial nerves. The two most important factors in 
choosing a surgical approach are the craniocaudal location of 
the aneurysm in relation to the clivus and its mediolateral 
location along the course of the artery.

To visualize AICA aneurysms effectively, a corridor must 
be developed between the temporal bone and the 
CPA. Because of its anteroposterior oblique trajectory, the 
orbitozygomatic approach provides the best visualization of 
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high-riding aneurysms. When using this approach, the poste-
rior clinoid process must be drilled to expose the basilar 
artery. Drilling must proceed judiciously because it increases 
the risk of cranial nerve palsies, particularly of the third cra-
nial nerve (Fig. 21.8).

Historically, the subtemporal corridor has been used to 
approach basilar trunk aneurysms. Drake and colleagues 
exposed 32 of 41 AICA aneurysms through a subtemporal- 
transtentorial approach [24–26]. More recently, however, 
Spetzler’s team used the subtemporal and subtemporal- 

transtentorial approach only once in the surgical treatment of 
41 AICA aneurysms. They attributed the scarcity of its use to 
the high rate of associated morbidity [23]. Today this 
approach is used mainly for visualizing midclival aneurysms 
(Fig. 21.9). Besides enabling drilling of the petrous apex, use 
of the subtemporal-transtentorial approach allows the tento-
rial edge to be opened to increase the extent of exposure. 
However, doing so significantly increases the risk of injury 
to the fourth cranial nerve. Significant morbidity can also 
follow retraction of the temporal lobe, especially the domi-
nant side.

Because of its versatility and relatively low risk of com-
plications, the retrosigmoid approach is the most common 
avenue for AICA aneurysm surgery. Skeletonization and lat-
eral retraction of the transverse-sigmoid junction allow mini-
mal retraction on the cerebellum. The premeatal AICA can 
then be seen between the fifth and seventh cranial nerves. 
During subsequent dissection, care must be exercised as it is 
easy to injure the sixth cranial nerve. The retrosigmoid 
approach offers good access to distal AICA aneurysms off 
the meatal and postmeatal segments. Alone or in combina-
tion with the retrosigmoid approach, the far-lateral approach 
can be used to expose low-lying aneurysms near the verte-
brobasilar junction. This combination approach is especially 
useful for giant AICA aneurysms [23].

Transpetrosal approaches (transcochlear and translaby-
rinthine) provide the most direct route to the brainstem [27–
32]. However, these approaches are associated with 
significant morbidity, such as deafness, facial nerve palsy, 
and CSF leakage. Spetzler’s group advocates the use of the 

Fig. 21.8 Intraoperative view of left orbitozygomatic approach for 
basilar apex aneurysm clipping. Note the visualization of the medial 
anterior inferior cerebellar artery between clip blades

a b

Fig. 21.9 Photographs of a cadaveric dissection show the right middle 
fossa. (a) The petrous apex has been drilled in Kawase’s area, the 
“door” to the posterior fossa from the middle fossa. (b) The superior 
petrosal sinus has been sectioned, and the dura of the posterior fossa has 
been removed to expose the basilar artery and anterior inferior cerebel-
lar artery (AICA). BA basilar artery, CN VI sixth cranial nerve, FS fora-
men spinosum, GG geniculate ganglion, GSPN greater superficial 

petrosal nerve, ICA internal carotid artery, K Kawase’s area, V1 ophthal-
mic branch of the trigeminal nerve, V2 maxillary branch of the trigemi-
nal nerve, and V3 mandibular branch of the trigeminal nerve. From 
Gonzales LF, Amin-Hanjani S, Bambakidis NC, Spetzler RF: Skull 
base approaches to the basilar artery. Neurosurg Focus 19(2):E3, 2005. 
With permission from Journal of Neurosurgery
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transpetrosal approach for select patients with giant aneu-
rysms [23]. In their series, bilateral AICA aneurysms were 
clipped successfully through the transpetrosal approach, 
using the wide corridor made possible through a transco-
chlear approach. Transoral-transfacial approaches to AICA 
aneurysms have also been reported, although they are asso-
ciated with exceedingly high rates of morbidity [27, 
33–36].

Hypothermic cardiac arrest with barbiturate cerebral pro-
tection is historically an important adjunct for surgery of 
basilar and AICA aneurysms [37]. This technique allows 
deflation of the aneurysm, permitting manipulation and dis-
section of its dome from the pons and brainstem perforators 
with decreased risk of intraoperative hemorrhage. This tech-
nique is especially helpful for giant aneurysms that invagi-
nate into the pons. More recently, adenosine has been utilized 
to reduce blood flow for a brief period of time in cases where 
proximal control cannot be readily obtained or when intraop-
erative rupture is encountered.

Rarely, dissecting AICA aneurysms also involve the 
CPA. Hancock and Millar reported a spontaneous AICA dis-
section in a patient with brainstem ischemic symptoms [38]. 
The patient’s initial MRI showed a lesion of the CPA 
 consistent with hematoma, but delayed high-resolution MRI 
demonstrated a decrease in size and evolution of signal char-
acteristics consistent with signal void and serpentine contrast 
enhancement. Cerebral angiography showed a fusiform dila-
tation of the left AICA with an unusual corkscrew lumen. 
The diagnosis of spontaneous AICA dissection is suggested 
by evolution of signal characteristics on MRI, shrinkage of 
the lesion over time, and a clinical presentation consistent 
with occlusion of the vestibular and perforating branches of 
the AICA.

 Endovascular Options for Aneurysms

The rapidly evolving field of endovascular surgery has revo-
lutionized the treatment of aneurysms. Because of the high 
morbidity and mortality rates associated with vertebrobasi-
lar aneurysm surgery, most experts now consider detachable 
coil embolization as the first line of treatment. Successful 
coil embolization requires an adequate dome-to-neck ratio 
and the ability to maneuver a microcatheter into the aneu-
rysm dome to deliver the detachable coils. Most AICA 
aneurysms arise from the proximal portion of the artery. 

Therefore, the microcatheter can usually be manipulated 
into the aneurysm dome. If complete packing of the aneu-
rysm is determined to carry a risk of parent vessel occlusion 
due to protruding loops of coil, it may be wise to leave a 
small remnant uncoiled. After clipping or endovascular 
treatment, any neck remnant can be observed with serial 
angiograms, and repeat coil embolization can be performed 
if growth is observed. Flow diversion has also proven to be 
an effective treatment option for posterior circulation 
aneurysms.

Deconstructive therapy with endovascular vertebral or 
basilar artery occlusion may be used if direct coiling of the 
aneurysm is infeasible or if a giant aneurysm indents the 
pons, or as an adjunct to flow diversion or surgical bypass. 
The parent vessel is occluded by altering local blood flow 
dynamics, thereby aiding in thrombosis of the aneurysm. 
Balloon test occlusion should be performed first to identify 
patients who can tolerate permanent vessel occlusion. 
Distal extracranial-intracranial bypass may be required 
before endovascular occlusion of the parent vessel in 
patients who fail balloon test occlusion. Before the proce-
dure, all patients with unruptured aneurysms begin anti-
platelet therapy to reduce the risk of antegrade parent vessel 
thrombosis, which can have devastating results. When not 
contraindicated, the patient is heparinized during the proce-
dure to an activated clotting time of two times the baseline 
value.

Giant AICA aneurysms often invaginate into and com-
press the pons. Traditionally, coiling such aneurysms was 
considered contraindicated because of fear that the coil mass 
would increase compression on the brainstem. Recently, 
however, it has been shown that coiling of giant aneurysms 
can actually decrease mass effect and local parenchymal 
inflammation [39–41]. Balloon-assisted techniques and the 
placement of flexible Neuroform™ stents across the neck of 
an aneurysm are valuable when the aneurysmal dome-to- 
neck ratio is unfavorable. More recently, flow diversion pro-
vides a technically more straightforward option for these 
complex lesions (Fig. 21.10).

Although technically more difficult, distal AICA aneu-
rysms can also be treated with endovascular means 
(Fig. 21.11). However, because there is usually adequate col-
lateral supply to the brainstem and cerebellum from the ipsi-
lateral PICA and SCA, distal AICA aneurysms may be 
treated with parent vessel occlusion distal to the internal 
auditory branch [22].
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Fig. 21.10 A giant midbasilar aneurysm seen on (a) sagittal 
T1-weighted magnetic resonance imaging and (b) anteroposterior angi-
ography following left vertebral artery injection. This aneurysm was 
treated with (c) deconstruction of the right vertebral artery distal to the 

posterior inferior cerebellar artery and flow diversion with pipeline flow 
diverting stents 2  weeks after a ventriculoperitoneal shunt had been 
placed.

21 Vascular Lesions of the Cerebellopontine Angle



292

a b

Fig. 21.11 (a) A ruptured 5-mm right anterior inferior cerebellar artery dissecting aneurysm arising from the postmeatal segment seen on Townes 
view following left vertebral artery injection (arrow). (b) The aneurysm was treated with embolization with no residual filling

 Arteriovenous Malformations

AVMs, which consist of arteriovenous shunting without an 
intervening capillary bed, are the most common symptomatic 
intracranial vascular malformations. Seven to 25% of AVMs 
occur in the posterior fossa [42–49], cerebellum, brainstem, 
and CPA, in decreasing order of frequency [50, 51].

AVMs constitute fewer than 1% of all CPA lesions [52–
54]. They are located at the pial surface of the brainstem or 
cerebellum and do not invade the parenchyma [44, 54]. They 
usually receive their arterial supply from dilated branches of 
the AICA or SCA [55] and drain into the prepontine and 
petrosal sinuses. Unlike AVMs in the cerebellum and brain-
stem, which often become symptomatic with hemorrhage, 
AVMs of the CPA most frequently cause symptoms related 
to mass effect. Patients often have symptoms of cranial nerve 
dysfunction, usually hearing loss or facial weakness [44, 54]. 
Trigeminal neuralgia or hemifacial spasm can also occur 
[56–59]. From a series of 1257 microvascular decompres-
sions, Tsubaki and colleagues reported three AVMs of the 
CPA causing trigeminal neuralgia [56]. Most of these lesions 
can be identified preoperatively with high-resolution MRI of 
the CPA. Rarely, a vascular malformation mimics a purely 
intracanalicular acoustic neuroma [50, 52], appearing as an 
enhancing lesion on MRI. In the setting of hearing loss and 
facial palsy disproportionate to the size of the tumor, it is 
prudent to obtain a cerebral angiogram to rule out an intra-
canalicular AVM.

There are two main options for definitive treatment of 
AVMs involving the CPA: surgery and stereotactic radio-
surgery. Because the morbidity rate associated with surgery 
is high [60], radiosurgery has been advocated as first-line 
treatment for brainstem AVMs, especially for very old 
patients or those with major medical problems. More 

aggressive treatment is necessary for CPA AVMs with hem-
orrhagic presentation versus those with non-hemorrhagic 
presentation. Yet, the ideal treatment for hemorrhagic cases 
remains unclear [61].

Gamma Knife radiosurgery (GKS) is an effective and safe 
treatment option for patients who do not require urgent relief 
of facial pain (Fig. 21.2). In a series of 80 parenchymal and 
7 subpial AVMs, Massager and colleagues reported that 73% 
of the brainstem AVMs were totally obliterated 3 years after 
GKS; 74% of these patients had presented with hemorrhage 
before GKS [60]. The mean treatment volume was 1.3 mL, 
and the median prescription dose was 21.3 Gray. One disad-
vantage of GKS is the risk of bleeding for 2–3 years after 
therapy before the AVM is obliterated. In Massager’s series, 
3 of 87 patients had repeat hemorrhage after GKS and one 
patient died [60]. In this series, 19 patients with angiographic 
evidence of incomplete obliteration underwent repeat 
GKS. Nishiro and colleagues described the use of GKS for 
six patients presenting with hemorrhagic onset of symptoms. 
All cases resulted in favorable outcomes except for one 
patient who experienced rebleeding after GKS, which was 
caused by the repeated rupture of a feeder aneurysm [61]. 
Treatment of cerebral AVMs with GKS may fail for several 
reasons: inadequate definition of nidus, large volume of 
nidus, low dose of radiation, recanalization, and radioresis-
tance related to intranidal fistula [62].

Microsurgical resection may be indicated in cases with 
moderate-to-severe neurological deficits due to the initial 
hemorrhage. Moreover, surgery may be considered for 
AVMs with perinidal aneurysms unsuitable for embolization 
(Fig.  21.12) [61]. Because of the superficial location and 
venous drainage of AVMs involving the CPA, these lesions 
usually are more amenable to surgical resection than those 
deeper in the parenchyma. Standard microsurgical technique 
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Fig. 21.12 A ruptured left-sided arteriovenous malformation seen on (a) axial computed tomography angiography (CTA) and (b) lateral angio-
gram with left vertebral artery injection. (c) Postoperative CTA following resection.

through the retrosigmoid craniotomy described earlier pro-
vides excellent access to the CPA. The main advantage of 
surgery is complete resection of the AVM, without the risk of 
rebleeding that is present for 2–3 years after radiosurgery. 
Han and colleagues described a series of microsurgical 

resections of brainstem AVMs. In all seven patients with a 
lateral pontine-type AVM, the nidi were completely resected 
without any neurological deterioration, even though four of 
the seven patients had preoperative neurological deficits with 
a modified Rankin Scale score  >  3 [63]. Nozaki and col-
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leagues investigated surgical results for eight CPA AVMs 
[64]. All eight patients had hemorrhage on initial presenta-
tion with preoperative neurological deficits, such as cranial 
nerve palsy and ataxia. Total microsurgical resection was 
performed in all patients, but three patients experienced a 
worsening of preexisting deficits [64]. Preoperative MRI, 
including time-of-flight and constructive interference in 
steady state imaging, can provide useful information for 
determining the nidus-nerve relationship, thus limiting intra-
operative nerve root injury [61].

The association between intracranial AVMs and aneu-
rysms is well documented [65–70]. Redekop and colleagues 
reported a 15% incidence of aneurysms among 632 patients 
with AVMs (5.5% intranidal and 11% flow related) [71]. The 
presence of an AVM-associated aneurysm is associated with 
a significantly higher risk of hemorrhage [72, 73]. 
Occasionally, these aneurysms rapidly expand, causing rap-
idly progressive cranial nerve palsy [74]. If an AVM involv-
ing the CPA is treated surgically, the associated aneurysm 
can be clipped intraoperatively. In patients undergoing radio-
surgery, optimal treatment may involve endovascular coil-
ing, depending on the type of aneurysm [75]. Because 
aneurysms arising from distal feeding arteries near the nidus 
have a high rate of regression after AVM obliteration (80% in 
Redekop’s series [71]), radiosurgery alone may be adequate 
for distal flow-related aneurysms. Alternatively,  embolization 
can be useful to obliterate aneurysms on distal feeding arter-
ies before radiosurgery. In contrast, aneurysms on the proxi-
mal feeding arteries thrombose only 4% of the time after 
AVM obliteration [71]. Therefore, they require endovascular 
coiling before radiosurgery.

Glue embolization of large intracranial AVMs is reported 
to improve outcome by reducing operative blood loss and 
decreasing the incidence of normal perfusion pressure break-
through [76, 77]. However, more recent data indicate that 
complete obliteration of cerebral AVMs with glue 
 embolization is successful in only 15–20% of cases [78]. As 
described, embolization is most useful for the obliteration of 
aneurysms associated with AVMs involving the CPA.

 Cavernous Malformations

Cavernous malformations (cavernous angiomas, caverno-
mas) are benign vascular hamartomas that consist of 
endothelial- lined vascular channels without intervening nor-
mal brain tissue. They are filled with blood products of dif-
ferent ages. They can occur throughout the central nervous 
system but are rarely seen at the CPA. In their series of 426 
consecutive operative cases of lesions of the CPA or internal 
auditory canal, Kohan and colleagues reported only one cav-
ernous malformation [79]. Overall, only a few cases have 
been reported [80–82]. Engh and colleagues performed a 

systematic literature review on cavernous malformations of 
the CPA and included 15 cases relevant to this disease. They 
found that hearing loss (86.7%) and facial paresis (53.8%) 
are the most common clinical signs associated with this 
tumor. The largest series of brainstem cavernous malforma-
tions consists of 100 patients [83]. In this series, 15 lesions 
were at the pontomesencephalic junction and 10 were in the 
pontomedullary junction. The number at the CPA was not 
identified. Brainstem cavernous malformations are always 
associated with venous anomalies.

CT can be negative in 30–50% of patients with cavernous 
malformations. When visible, these lesions appear as 
rounded hyperdense lesions with or without calcium. On 
T2-weighted MRI, the classic “mulberry” appearance is sur-
rounded by a hypointense rim of hemosiderin. T2-weighted 
gradient echo MRI shows a prominent susceptibility effect 
(blooming) and is the most sensitive diagnostic sequence. 
Fluid-attenuated inversion recovery (FLAIR) and 
T2-weighted images may show surrounding edema in lesions 
with acute hemorrhage. On noncontrasted T1-weighted 
images, cavernous malformations range from isointense to 
hyperintense to brain, and often have loculated regions of 
increased signal consistent with blood products. 
Angiographically, these lesions are occult, but associated 
anomalies such as venous angiomas may be visualized.

The natural history of a cavernous malformation involves 
repeated hemorrhages that gradually increase its size and 
number of vascular channels. As a result, cavernous malfor-
mations in the CPA usually manifest with progressive hear-
ing loss, facial weakness secondary to mass effect, or both 
[80, 81]. Because of their location at the pial surface and the 
lack of surrounding brain parenchyma to contain hemor-
rhages, they can also present with devastating SAH or with 
intraparenchymal hemorrhage into the brainstem.

Because they tend to enlarge over time, cavernous malfor-
mations of the CPA are usually resected surgically. Their 
peripheral location facilitates a surgical approach. 
Intraparenchymal brainstem cavernous malformations are 
associated with a relatively high rate of operative morbidity. 
Nonetheless, they are usually recommended for surgical 
resection because of their tendency to enlarge progressively 
from repeated hemorrhage [83]. Although complete resec-
tion is curative, it may be infeasible if the lesion is intimately 
associated with the seventh or eighth cranial nerves [80, 81]. 
Any associated venous malformation should be preserved to 
avoid venous infarction (Fig. 21.13).

Amin-Hanjani and colleagues reported their experience 
with proton-beam radiosurgery in the treatment of 98 cases 
of “surgically inaccessible” cavernous malformations [84]. 
After a latency of 2 years, they reported a reduction in annual 
hemorrhage rate from 17.3 to 4.5% per lesion. The associ-
ated incidence of permanent neurological deficit was 16%, 
and the mortality rate was 3%. Kondziolka and colleagues 
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Fig. 21.13 A left-sided cavernous malformation situated in the cere-
bellar peduncle. (a) Preoperative T1-weighted axial magnetic reso-
nance imaging (MRI) following gadolinium administration. (b) The 

cerebellopontine fissure is opened to allow a more direct route to the 
tumor, which can be seen during resection. (c) Postoperative 
T1-weighted gadolinium-enhanced axial MRI

used GKS to treat 47 patients with cavernous malformations 
in critical areas, 27 of which were in the brainstem [85]. The 
annual hemorrhage rate decreased from 56 to 8.8% per lesion 
after a latency of 2  years. After radiosurgery, 26% of the 
patients in this series experienced neurological deterioration. 
The main criticism of the above studies is that their pretreat-
ment hemorrhage rate was much higher than previously 
reported, which may overstate the efficacy of treatment [86–
97]. Additionally, given the natural history of cavernous mal-
formations to have periods of quiescence between 
hemorrhages, the short-term follow-up is a significant limita-
tion in the data. In any case, surgery is indicated for acces-

sible cavernous malformations in the CPA as for any other 
lesion associated with a significant risk of hemorrhage.

 Hemangioblastomas

Hemangioblastomas are benign vascular tumors of unclear 
origin associated with von Hippel-Lindau disease (VHL) in 
25–40% of cases. They usually manifest in adults as a cystic 
intraaxial posterior fossa mass with an enhancing nodule. As 
many as 40% of hemangioblastomas lack a cystic component; 
when present, the cyst wall seldom enhances. 
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Fig. 21.14 (a) Cystic hemangioblastoma seen on preoperative axial T2-weighted imaging. A mural nodule was seen on gadolinium-enhanced 
imaging. (b) Gadolinium-enhanced axial T1-weighted imaging following resection via a far-lateral approach

Hemangioblastomas rarely reach the cerebellar surface and 
extend into the CPA. The differential diagnosis includes cystic 
astrocytoma, metastasis, cavernous malformation, and clear 
cell ependymoma. Angiography shows a highly vascular nod-
ule with a prolonged blush and the occasional presence of an 
early-draining vein. The diagnosis is usually made with MRI, 
and angiography is rarely required. Surgical resection is the 
standard therapy for hemangioblastomas (Fig.  21.14). 
Depending on the relationship of the feeding artery and vascu-
lar nodule, preoperative embolization may be a useful adjunct.

Cheng and colleagues described 23 patients with CPA 
hemangioblastomas who underwent surgical resection [98]. 
Gross total resection was achieved in 96% of the cases. After 
surgery, the symptoms improved in 78%, remained 
unchanged in 13%, and in 9% of the cases the symptoms 
were aggravated. Patients with cystic hemangioblastomas 
exhibited better neurologic improvement versus patients 
with solid tumors. Moreover, a higher incidence of postop-
erative complications was found in patients with maximal 
tumor diameter of >3 cm or solid tumors. Patients with VHL 
disease are more likely to have a local recurrence [98].

Patrice and colleagues reported 38 hemangioblastomas 
treated with stereotactic radiosurgery [99]. Eight patients were 
treated for multiple hemangioblastomas (24 tumors) with a 
median tumor dose of 15.5 Gray. The 2-year actuarial rate of 
freedom from progression was 86%, and 78% of the surviving 
patients remained neurologically stable or improved. No sig-
nificant permanent neurological complications were observed. 
A higher radiation dose and smaller tumor volume were sig-
nificantly associated with better tumor control.

In summary, surgery is recommended in cases of uncer-
tain diagnosis and for accessible hemangioblastomas 
 exhibiting significant mass effect associated with symptoms. 
Small tumors or multifocal hemangioblastomas associated 
with VHL disease may be effectively treated with stereotac-
tic radiosurgery [100].

 Other Hypervascular Lesions

Hemangiopericytomas and paragangliomas are other hyper-
vascular lesions that can occur in the 
CPA.  Hemangiopericytomas and paragangliomas are dis-
cussed in Chap. 20 Congenital Rest Lesions and Rare 
Tumors.

 Conclusion

A variety of vascular lesions occur at the CPA and can 
become symptomatic from thromboembolism, hemorrhage, 
or direct mass effect on the brainstem or cranial nerves. 
Vascular loop compression syndromes are the most common 
and can be treated surgically or with radiosurgery. Aneurysms 
in this location can also be treated effectively as can vascular 
malformations (AVMs and cavernous malformations) and 
tumors (hemangioblastomas). Advances in endovascular sur-
gery, microneurosurgical techniques, and stereotactic radio-
surgery have resulted in better outcomes for patients affected 
by these lesions.
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22Case 1: Retrosigmoid Approach 
for Vestibular Schwannoma

Simone E. Dekker and Nicholas C. Bambakidis

 Summary

A 45-year-old woman was treated with a retrosigmoid 
approach to a vestibular schwannoma.

 Case Presentation

A 45-year-old woman presented with progressive hearing 
loss and dizziness. Figure 22.1 shows preoperative images of 
this patient.

Supplementary Information The online version contains supplemen-
tary material available at [https://doi.org/10.1007/978- 3- 031- 
 12507- 2_22].
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Fig. 22.1 Preoperative imaging: (a) coronal and (b) axial
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 Approach

We used a retrosigmoid approach (Fig.  22.2), beginning 
with a burr hole near the asterion. We continued with a sub-
occipital craniotomy, with high-speed drill, exposing the 
borders of the transverse and sigmoid sinuses. The borders 
of the transverse and sigmoid sinuses are exposed with care 
to preserve the emissary vein. The dura is carefully incised, 

flapped anteriorly, and the cerebellopontine contents are 
exposed.

 Alternatives

Conservative medical management with serial observation is 
an alternative.

a

c

b

Fig. 22.2 Illustration of a retrosigmoid approach. (a) Illustration 
shows the semicircular opening of the dura with a wide base toward the 
sigmoid sinus. Note the underlying anatomic structures. (b) After the 
transverse and sigmoid sinuses have been skeletonized, the dura can be 
opened by cutting the retrosigmoid dura (green dashed lined). (c) 

Exposure of the contents of the posterior fossa. Sequential movement of 
the operating microscope and judicious retraction of the sigmoid sinus 
affords a view almost as complete as that afforded by its division. This 
strategy minimizes the risk of venous injury or infarction. CN cranial 
nerve, PICA posterior inferior cerebellar artery
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 Positioning

The patient was positioned in a supine position with the head 
turned to the right.

 Incision

A curvilinear skin incision was made 1–2  cm behind the 
pinna through the asterion to the mastoid tip.

 Operation

The operative video shows tumor resection using a retrosig-
moid approach (See Video 22.1).

 Post-op

Postoperative course was initially uneventful, and the patient 
was discharged on postoperative day (POD) 3 (Fig. 22.3).

a b

Fig. 22.3 Postoperative imaging: (a) coronal and (b) axial
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 Outcome

On POD 5, the patient developed delayed facial weakness 
(House-Brackmann grade 3), which resolved slowly over 
6 weeks to normal facial function.

 Pearls and Pitfalls

• If possible, the course of the facial nerve should be recog-
nized early in the case to aid in anatomic preservation. 

• Once the facial nerve course is identified, internal debulk-
ing can usually be performed rapidly.

• Intradural drilling of the internal carotid artery allows  
for distal facial nerve identification. 

• Delayed facial weakness is not uncommon but may take 
several weeks to resolve [1].

 Discussion

In retrosigmoid approaches to vestibular schwannomas with 
significant intracanalicular extension, it is important to drill 
off the posterior aspect of the internal carotid artery. Care must 
be taken to avoid injury to adjacent otologic structures. 
Delayed facial palsy is not an uncommon occurrence after 
vestibular schwannoma resection, with a reported rate of 16% 
in a single institution study. Development of facial palsy 
occurs at a mean of POD 12 but typically resolves by POD 33. 
Patients with a gross total tumor resection or undergoing a 
retrosigmoid approach may be at higher risk of delayed facial 
palsy, but they recover normal or near-normal function.

Reference
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CL, Link MJ. Incidence and risk factors of delayed facial palsy after 
vestibular schwannoma resection. Neurosurgery. 2016;78(2):251–5.
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23Case 2: Combined Transpetrosal 
Approach with Hearing Preservation 
for Resection of a Meningioma

Simone E. Dekker and Nicholas C. Bambakidis

 Summary

This case illustrates a combined transpetrosal approach with 
hearing preservation.

 Case Presentation

A 50-year-old female presented with facial pain and numb-
ness. Her hearing was normal (Fig. 23.1).

Supplementary Information The online version contains 
 supplementary material available at [https://doi.org/ 
10.1007/978- 3- 031- 12507- 2_23].
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Fig. 23.1 Preoperative imaging: (a) coronal and (b) axial
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Fig. 23.2 Illustration of a combined subtemporal with transpetrosal 
approach

Fig. 23.3 Representation of the surgical view. APC ampulla of poste-
rior canal, ASC ampulla of superior canal, CC crus commune, CN cra-
nial nerve, HC horizontal canal, SC superior canal, SCA superior 
cerebellar artery

 Approach

We used a combined subtemporal with transpetrosal approach 
(Fig. 23.2).

 Alternatives

This tumor has a large supratentorial component, so a retro-
sigmoid approach is inadequate. If the patient was older, an 
orbitozygomatic approach from above or retrosigmoid 
approach from below might be considered to debulk only.

 Anatomy

A representation of the surgical view is shown in Fig. 23.3.

 Positioning

The patient was positioned in a supine position with the head 
turned left in 30°.

 Incision

The skin incision may extend below the foramen magnum 
along a paramedian course for the far-lateral exposure 
(dashed line in Fig. 23.4). Extension superiorly in a curvilin-
ear fashion over the pinna to the root of the zygoma allows a 
subtemporal craniotomy to be incorporated (dotted line).
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 Operation

A combined transpetrosal approach with hearing preserva-
tion is shown in the narrated operative video (see Video 
23.1).

 Post-op

The patient had a transient CN IV deficit postoperatively 
(Fig. 23.5).

Fig. 23.4 Representation of surgical incision

a b

Fig. 23.5 Postoperative imaging: (a) coronal and (b) axial
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310

Lateral to IAC

Posterior fossa
alone

Medial to IAC

Assess hearingRetrosigmoid

Useful hearing No useful hearing

No useful hearing

Combined Transpetrosal
or Multiple approaches

(Retrosigmoid plus
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Useful hearing

Assess hearing

Posterior and Middle
cranial fossae
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Treatment Algorithm

TranspetrosalRetrosigmoid or attempt at
canal-sparing transpetrosal

Fig. 23.6 Treatment algorithm based on anatomical location of the tumor [1]

 Outcome

The patient had a good recovery, though she did develop a 
partial CN IV palsy due to manipulation of the nerve during 
tumor resection, requiring prism glasses for symptomatic 
management. At 3 years post-op, there was a small amount 
of recurrent tumor progression along the tentorium treated 
with gamma knife radiosurgery.

 Pearls and Pitfalls

• Tumors extending both infratentorially and supratentori-
ally as well as medial to the internal auditory canal (IAC) 
are well approached with a transpetrosal craniectomy.

• Hearing preservation is possible and should be considered 
when practical. 

• Alternatively, a staged craniotomy from supratentorial 
(orbitozygomatic) and infratentorial (retrosigmoid) 
approach can be performed.

 Discussion

It is important to combine skull base approaches to achieve 
the required exposure. In this case, a subtemporal approach 
allowed for resection of the supratentorial component, and a 

transpetrosal approach allowed for resection of the middle/
posterior fossae component. Either approach alone would be 
insufficient to resect a tumor in this location.

An algorithm may be used to choose the surgical approach 
based on anatomical location of the tumor (Fig. 23.6). The 
best surgical approach provides the greatest degree of expo-
sure to maximize the resection while minimizing the risk of 
surgical morbidity. Carefully consider the anatomical rela-
tionships of the tumor, particularly to the IAC and extent of 
tumor above or below the tentorium. Hearing preservation 
should also guide surgical decision making.

Video used with permission from the Congress of Neurological 
Surgeons, CNS Nexus Cases. 2018. https://www.cns.org/nexus/cases
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24Case 3: Far-Lateral Approach 
for a Foramen Magnum Meningioma

Simone E. Dekker and Nicholas C. Bambakidis

 Summary

This case illustrates issues surrounding a far-lateral approach 
for the resection of a foramen magnum meningioma.

 Case Presentation

A 50-year-old female presented with progressive ataxia and 
weakness. Figure 24.1 shows the preoperative images of this 
patient.
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a

c

b

Fig. 24.1 Preoperative imaging: (a) sagittal, (b) axial, and (c) coronal

 Approach

We used a far-lateral approach to resect this tumor (Fig. 24.2). 
An inverted hockey stick incision was used for both the far- 
lateral and extended far-lateral approaches. The burr hole 
was lateral to the sigmoid sinus, and a craniotomy was made 

back to the lip of the foramen magnum. Removal of the C1 
posterior arch improves exposure. The suboccipital triangle 
was opened to expose the C1 posterior arch, vertebral artery, 
and posterior condylar vein. Spinal muscles were stripped 
laterally off the C1 posterior arch with subperiosteal 
dissection.

S. E. Dekker and N. C. Bambakidis
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a
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Fig. 24.2 Illustration of a far-lateral approach: (a) Intraoperative view 
following dural opening. (b) Approximately one-third of the condyle 
may be safely removed without jeopardizing the hypoglossal canal, the 
advent of which is noted by a change from cancellous to cortical bone 
to the condyle. The condylar vein is a helpful landmark; continued drill-

ing beyond it is seldom helpful. (c) The dura is opened and based later-
ally, allowing visualization of the intradural anatomy. AICA anterior 
inferior cerebellar artery, CN cranial nerve, PICA posterior inferior cer-
ebellar artery, VA vertebral artery

 Alternatives

Alternatives for surgical treatment are conservative medical 
management with serial observation or stereotactic 
radiosurgery.

 Positioning

The patient was placed in the park-bench position (Fig. 24.3).

24 Case 3: Far-Lateral Approach for a Foramen Magnum Meningioma
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 Incision

The incision extended from the midline level of C3 or C4 
along the nuchal line, ending at the mastoid tip (Fig. 24.4).

 Operation

The surgical video demonstrates the resection of a foramen 
magnum meningioma using a far-lateral approach (See 
Video 24.1).

 Post-op

Postoperative recovery was uneventful, with discharge on 
postoperative day 5.

 Outcome

The patient developed dysphagia and mild tongue weakness, 
which resolved over several weeks.

Fig. 24.3 Park-bench position

a b

Fig. 24.4 Representation of surgical incision: (a) A linear incision is usually adequate for exposure. (b) The craniotomy extends to the level of 
the foramen magnum. The occipital condyle may then be partially removed to increase access to the intradural anatomy

S. E. Dekker and N. C. Bambakidis
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 Pearls and Pitfalls

• Foramen magnum meningiomas are typically extremely 
fibrous and difficult to remove without piecemeal 
resection.

• Because much of the dissection is tumor-related, condy-
lar drilling is not typically helpful in increasing 
exposure.

 Discussion

As with other procedures in the posterior fossa, a watertight 
closure is the goal to prevent postoperative spinal fluid leak-
age. Graft material may be liberally utilized in closing the 
dura, and the suboccipital bone and C1 lamina are replaced 
using bone plates and screws. If a cuff of muscle is preserved, 
it can be used in helping achieve a watertight closure as well.

Video used with permission from the Congress of Neurological 
Surgeons, CNS Nexus Cases. 2018. https://www.cns.org/nexus/cases

24 Case 3: Far-Lateral Approach for a Foramen Magnum Meningioma

https://www.cns.org/nexus/cases


317

25Case 4: Resection of an Acoustic 
Schwannoma Complicated by Tumor 
Encasement of the Anterior Inferior 
Cerebellar Artery Using 
a Translabyrinthine Approach

Simone E. Dekker, Chad A. Glenn, Kevin K. Yoo, 
Thomas Ostergard, Maroun T. Semaan, 
and Nicholas C. Bambakidis

 Case Presentation

A 69-year-old male presented with hearing loss, ear fullness, 
and mild disequilibrium. Magnetic resonance imaging (MRI) 
demonstrated a contrast-enhancing mass within the right cer-

ebellopontine angle cistern with extension into the internal 
auditory canal (Fig. 25.1a, b).
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a b

dc

Fig. 25.1 Image shows (a) preoperative T2-weighted and (b) postcon-
trast T1-weighted MRI demonstrating a contrast-enhancing mass 
within the right cerebellopontine angle cistern with extension into the 

internal auditory canal. (c) Postoperative T2-weighted and (d) postcon-
trast T1-weighted MRI demonstrated gross total resection

 Approach

Given the poorly serviceable hearing, a translabyrinthine 
approach was recommended.

 Alternatives

• Radiotherapy.
• Observation.

S. E. Dekker et al.
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 Surgery

After the induction of anesthesia, a C-shaped curvilinear 
incision situated behind the postauricular sulcus was carried 
out. Next, a wide mastoidectomy was performed using a 
combination of cutting and diamond burs. Microsurgical 
resection utilizing the operative microscope and facial nerve 
monitoring was performed. Interestingly, the anterior infe-
rior cerebellar artery (AICA) was identified anterior to the 
facial nerve and encased within the inferior pole of the tumor 
(Fig. 25.2). Gross tumor removal was completed with a small 
adherent residual remaining on the facial nerve. There were 
no complications (See Video 25.1).

 Outcome

Postoperative MRI demonstrated gross total resection 
(Fig. 25.1c, d). The patient was discharged on postoperative 
day 3 with intact facial function. However, at his 2-week 
postoperative visit, he developed delayed facial weakness. 
After 2 months, the patient’s facial weakness had gradually 
improved.

Fig. 25.2 Intraoperative still image illustrates the vestibular schwan-
noma in which the AICA was encased

25 Case 4: Resection of an Acoustic Schwannoma Complicated by Tumor Encasement of the Anterior Inferior Cerebellar Artery…
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26Case 5: Transcondylar Approach 
for Giant Aneurysm with Posterior 
Inferior Cerebellar Artery Bypass

Simone E. Dekker, Kevin K. Yoo, Anisha Garg, 
Wenceslas Krakowiecki, and Nicholas C. Bambakidis

 Summary

This case illustrates a posterior inferior cerebellar artery 
(PICA) bypass surgery.

 Case Presentation

A 76-year-old man presented with a history of hypertension, 
recent dysphagia, and vertigo. A 1.1-cm right PICA aneu-
rysm was incidentally found (Figs. 26.1, 26.2, and 26.3). The 
patient experienced continued weight loss despite supple-
ments and nutrition consultation.
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Fig. 26.2 Preoperative CT scan, sagittal

Fig. 26.3 Preoperative digital subtraction angiography

 Approach

A far lateral transcondylar approach for a PICA-PICA 
bypass was planned [1].

 Alternatives

Conservative medical management with serial observation is 
one alternative as is interventional radiology for coiling.

 Positioning

The patient was put in a neutral, prone/flat position.

 Incision

A posterior midline skin incision was made for sufficient 
exposure.

 Surgery

A posterior midline skin incision was made. The scalp and 
temporalis muscle were reflected. The posterior lateral 
skull base bone was identified. The posterior fossa bone in 
the arch of C1 was then removed bilaterally exposing pos-
terior fossa dura. A right- sided transcondylar approach 
was performed with a high- speed drill, removing portions 
of the occipital condyle to allow for a transcondylar 
approach of the posterior cranial skull base. Following 
removal of the condyle using drilling with separate differ-
ent drill bits and the skull base approach, the dura was 
opened widely. The operating microscope was brought 
into position using stereotactic computer-assisted naviga-
tion to help in identifying the patient’s giant right PICA 
origin aneurysm, which was found to be fusiform encom-
passing the PICA completely. Distal trapping was then 
performed with titanium aneurysm clips occluding out-
flow from the aneurysm. However, prior to this experi-
ence, attention was turned to the midline in order to enable 
adequate circulation and flow to the distal plaque. A sepa-
rate PICA-PICA side-by-side anastomosis, with tempo-
rary clips placed in the PICA bilaterally in the midline 
with  arteriotomy, was then performed. The side-to-side 
intracranial-to- intracranial anastomosis was completed 
with microdissection using 10–0 running and interrupted 
nylon sutures. There was excellent flow in the proximal 
and distal PICA branches bilaterally filling the PICA on 
the right side back to the level of the aneurysm (See Video 
26.1).

 Post-op

A postoperative computed tomography angiogram showed a 
patent PICA-PICA bypass (Fig. 26.4).

S. E. Dekker et al.
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Fig. 26.5 Postoperative digital subtraction angiography, 3D 
reconstruction

Fig. 26.6 Postoperative CT

Fig. 26.4 Postoperative digital subtraction angiography, left vertebral 
artery injection

 Outcomes

No new neurologic deficits. Digital subtraction angiography 
shows patent bypass (Figs. 26.5 and 26.6).

 Pearls and Pitfalls

• The decision for open surgery rather than endovascular 
treatment was based on the size of the aneurysm, symp-
toms of mass effect, and morphology incorporating the 
PICA.

• Distal clip occlusion was anticipated to cause thrombosis 
given the lack of outflow. 

• However, the presence of brainstem perforators main-
tained aneurysm patency and caused delayed rupture due 
to the change in flow dynamics.

• Proximal trapping could have prevented delayed rupture 
but would have brought a high risk of brainstem stroke 
due to perforator occlusion.

Video used with permission from the Congress of Neurological 
Surgeons, CNS Nexus Cases. 2018. https://www.cns.org/nexus/cases
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27Case 6: Far-Lateral Approach 
for a Posterior Inferior Cerebellar Artery  
Aneurysm Clipping

Simone E. Dekker, Kevin K. Yoo, Jeffrey T. Nelson, 
Wenceslas Krakowiecki, and Nicholas C. Bambakidis

 Summary

This case illustrates the potential issues in a posterior inferior 
cerebellar artery (PICA) aneurysm clipping.

 Case Presentation

A 71-year-old male presented with an incidental finding of a 
PICA aneurysm on a workup for progressive swallowing 
trouble and weight loss (Fig. 27.1). Past medical history was 
significant for stroke and transient ischemic attack, likely 
due to chronic small vessel ischemic disease. Exam revealed 
lower cranial nerve dysfunction and partial tongue weakness 
on left.
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 Approach

A right-sided Clipping, using a far lateral approach was 
planned [1].

 Alternatives

Conservative medical management with serial observation is 
one alternative as is interventional radiology for coiling.

 Positioning

The patient was put in a neutral, right lateral position.

 Incision

The previous surgery incision was reopened to avoid isch-
emic skin necrosis (Fig. 27.2).

 Operation

After induction of general anesthesia, a lumbar drain was 
placed at the L3-L4 interspace through a percutaneous cath-
eter with clear spinal fluid. Normal pressure was obtained, 
and the fluid was allowed to drain intermittently throughout 
the procedure. Postoperatively, the drain was tunneled and 
secured. A left-sided craniectomy was then performed as 
well as a hemilaminectomy at C1, exposing the left lateral 
skull base with additional drilling of the occipital condyle 
using a high-speed drill to allow access through the skull- 
base approach. A very large multilobulated, wide-necked, 
partially calcified posterior circulation PICA aneurysm was 
identified intradurally and addressed with intermittent tem-
porary clip occlusion. Clip reconstruction of the PICA verte-
bral artery was then performed using a fenestrated clip, after 
intraoperative rupture and difficulty with control, which 
required sacrifice of intervening rootlets of cranial nerve 
XII.  Complete occlusion of the aneurysm was confirmed 
with indocyanine green, video angiography, and microvascu-
lar Doppler. The wound was then copiously irrigated (See 
Video 27.1).

 Post-op

Computed tomography of the head showed post-op changes 
(Fig.  27.3). The patient experienced difficulty swallowing. 
He was discharged to rehab on postoperative day 5.

Fig. 27.2 Incision

S. E. Dekker et al.



327

Fig. 27.3 Postoperative CT

 Outcome

The patient was doing well at his 6-week follow-up. Cranial 
nerves were intact with mild left tongue deviation. His diffi-
culty swallowing had resolved. Per the patient’s wife, he had 
been refusing to eat and, therefore, was referred to a dietician 
for his weight loss and taste changes.

 Discussion

There are few data on the incidence of postoperative dyspha-
gia after PICA aneurysm clipping. Nelson and colleagues 
demonstrated that postoperative dysphagia occurred in the 
majority of patients undergoing craniotomy for trapping and 
bypass of a PICA aneurysm, with half requiring placement 
of a percutaneous endoscopic gastrostomy tube [2]. However, 
by the 6-week follow-up examination, all surviving patients 
had recovered normal swallowing function.

 Pearls and Pitfalls

• This case illustrates clipping of a PICA aneurysm with 
postoperative dysphagia.

• The decision for open surgery versus endovascular treat-
ment was made because of a wide aneurysm neck and 
presumed mass effect causing symptoms.

• Due to the location of the PICA in the posterior fossa, 
lower cranial nerve dysfunction is of particular concern.

Video used with permission from the Congress of Neurological 
Surgeons, CNS Nexus Cases. 2018. https://www.cns.org/nexus/cases
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28Case 7: Right Retrosigmoid Craniotomy 
for Microvascular Decompression 
for Trigeminal Neuralgia 
(Endoscope-Assisted)

Peter Nakaji, Rami Almefty, Brandon Liebelt, 
Michaela Lee, and Xiaochun Zhao

 Summary

This case illustrates endoscope-assisted microvascular 
decompression for trigeminal neuralgia (Figs.  28.1, 28.2, 
and 28.3).
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 Case Presentation

An 85-year-old female with right-sided trigeminal neuralgia 
for 11 years presented with what she described as shock-like 
pains distributed in the V1 and V2 regions.

 Approach

A right-sided keyhole retrosigmoid approach was planned 
(Fig. 28.4).

Fig. 28.2 An axial T2-weighted MRI shows the flow void of the ves-
sel, which contacts the nerve both distally (arrow) and at the brainstem

Fig. 28.3 A zoomed-out view of the vessel at the right cerebellopon-
tine angle shows how deep the typical impact point is in the head

Fig. 28.4 The cranial figure shows the location of the planned crani-
otomy on the skull, which is typically up to the level of the asterion, just 
under the transverse sinus and immediately posterior to the sigmoid 
sinus

P. Nakaji et al.
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 Alternatives

Anticonvulsants such as carbamazepine are usually the ini-
tial treatment. Other surgical treatments such as Gamma 
knife or cranial nerve (CN) V rhizotomy would affect normal 
sensation and chewing muscle; these surgical approaches 
carry less risk and may be appropriate for some older patients 
[1].

 Anatomy

A representation of the surgical view is shown (Fig. 28.5).

 Positioning

The patient was positioned supine with head turned to the 
left to expose the right retrosigmoid region. The shoulder 
should not be allowed to rise into the way. Some chin flexion 
may improve the angle to the trigeminal nerve (Fig. 28.6).

Fig. 28.5 A cadaveric anatomical dissection of the right cerebellopon-
tine angle shows the cranial nerves from V to XII. Although the expo-
sure shown is retrocerebellar, the corridor for microvascular 
decompression for CN V is high, at the petro-tentorial junction, and 
usually proceeds above the cerebellar hemisphere

Fig. 28.6 The patient is positioned in the supine position with the head 
turned to the left, exposing the right retrosigmoid area. It is helpful to 
tip the bed up to relax the field and promote cerebrospinal fluid drainage 
and to flex the neck allowing a view up as high as possible

28 Case 7: Right Retrosigmoid Craniotomy for Microvascular Decompression for Trigeminal Neuralgia (Endoscope-Assisted)
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 Incision

A horizontal incision over the transverse-sigmoid sinus junc-
tion was made.

 Operation

A horizontal incision was this surgeon’s choice; the standard 
is vertical (See Video 28.1). A small craniotomy over the 
transverse-sigmoid junction was made. Dura was opened 

and tacked up. The arachnoid membrane was opened, cere-
brospinal fluid (CSF) released, and CN V exposed. The 
endoscope should be consulted. The vessel loop was freed 
and dissected away from CN V.  A Teflon™ sponge was 
inserted and held in place with Evicel® glue. A watertight 
closure was achieved.

 Post-Op

Figures 28.7, and 28.8.

Fig. 28.7 An axial CT of the head without contrast with bone window-
ing shows the small craniectomy with an overlying burr hole cover for 
reconstruction

Fig. 28.8 An axial CT of the head performed without contrast shows a 
bright spot along the right brainstem where the Teflon sponge and fibrin 
glue were applied

P. Nakaji et al.



333

 Outcome

The patient’s pain was relieved postoperatively and has not 
returned.

 Pearls and Pitfalls

• The most common offending vessel for trigeminal neural-
gia is the superior cerebellar artery.

• The entire length of the nerve must be examined, but 
compression is usually at the nerve root entry zone.

• Exposure of the root entry zone can be challenging, and 
inadequate exposure could cause failure of 
decompression.

• Injury to the labyrinthine artery should be avoided as it 
could cause postoperative hearing loss.

• Watertight dural closure and waxing of mastoid air cells 
are required to prevent CSF leakage.

 Discussion

Anticonvulsants are the starting treatment, with  
surgical decompression an option for patients who can 
tolerate surgery and who fail medical treatment. Surgery 
is the most effective treatment. The entire length of the 
nerve, including the ventral side of the root entry zone, 
must be examined meticulously. Endoscopy can be 
helpful.

Video used with permission from the Congress of Neurological 
Surgeons, CNS Nexus Cases. 2018. https://www.cns.org/nexus/cases
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29Case 8: Right Retrosigmoid Craniotomy 
for Microvascular Decompression 
of Hemifacial Spasm

Peter Nakaji, Rami Almefty, Brandon Liebelt, 
Michaela Lee, and Xiaochun Zhao

 Summary

This case illustrates endoscope-assisted microvascular 
decompression for hemifacial spasm (Fig. 29.1).
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Fig. 29.1 An intraoperative view of the right cerebellopontine angle 
shows a pledget separating a loop of vessel away from CN VII
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 Case Presentation

A 69-year-old female presented with right-sided hemifacial 
spasm for 7 years (Fig.  29.2). She had a history of failed 
microvascular decompression complicated by a sigmoid 
sinus injury and occipital hemorrhagic stroke.

 Approach

A right-sided retrosigmoid approach was planned (Fig. 29.3).

 Alternatives

Medical treatments such as anticonvulsants, botulinum toxin 
injection, and baclofen are usually the initial treatment.

 Anatomy

See Fig. 29.4.

Fig. 29.3 A right-sided retrosigmoid craniotomy is shown

Fig. 29.4 An anatomical dissection shows a right-sided exposure of 
the cerebellopontine angle, with the right vertebral artery deep to the 
cranial nerve IX/X complex and below the CN VII/VIII complex, where 
compression in hemifacial spasm most often occurs

Fig. 29.2 The T2-weighted MRI shows a flow void on the right side of 
the brainstem

P. Nakaji et al.
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 Positioning

The patient was positioned supine with head turned to the 
left to expose the right retrosigmoid region (Fig. 29.5). The 
shoulder should not be allowed to rise into the way.

 Incision

The previous surgery incision was reopened to avoid isch-
emic skin necrosis (Fig. 29.6).

 Operation

A small craniotomy 1 cm below the transverse-sigmoid junc-
tion was made. Dura was opened in a triangular shape and 
tacked forward toward the sigmoid sinus. Arachnoid mem-
branes were opened to release cerebrospinal fluid (CSF) and 
expose cranial nerve V. The endoscope should be consulted. 
The offending artery was identified and mobilized off the 
nerve. The endoscope brought reassurance that there were no 
other offending vessels. A Teflon™ sponge was inserted and 
secured with fibrin glue to keep the packing in place. A 
watertight closure was achieved (see Video 29.1).

Fig. 29.5 Positioning for retrosigmoid craniotomy in most patients 
with a supple neck is straight supine with the neck turned. If the neck 
will tolerate it, this can be done without a shoulder bump. Elevating the 
head will lower venous pressure and relax the field some. Mildly flexing 
the neck will improve the approach angle

Fig. 29.6 A large exposure is shown due to the need to reuse the 
patient’s prior incision. The prior titanium cranioplasty can be seen, 
with the new smaller craniotomy below
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 Post-op

See Figs. 29.7 and 29.8.

 Outcome

The patient was discharged on postoperative day 3. Her 
hemifacial spasm improved after surgery and gradually 
resolved.

 Pearls and Pitfalls

• The most common offending vessel for hemifacial spasm 
is the anterior inferior cerebellar artery. The entire length 
of the nerve must be examined, but compression is usu-
ally at the nerve root entry zone and typically anterior- 
inferior to the nerve.

• Exposure of the root entry zone can be challenging, espe-
cially since the compression is deep to the nerve and inad-
equate exposure could cause failure of decompression.

• Injury of the labyrinthine artery should be avoided as it 
could cause postoperative hearing loss.

• Watertight dural closure and waxing of mastoid air cells 
are required to prevent CSF leakage, especially in the case 
or reoperation.

 Discussion

Baclofen or botulinum toxin is often the starting treatment. 
However, surgery is highly appropriate and effective for 
patients who can tolerate surgery. The entire length of the 
nerve, including the ventral side of the root entry zone, must 
be examined meticulously. The angled views provided by the 
endoscope can be helpful to see ventral to the cranial nerve 
VII/VIII and IX/X complexes where the offending most 
often contacts the nerve root entry zone [1].

Video used with permission from the Congress of Neurological 
Surgeons, CNS Nexus Cases. 2018. https://www.cns.org/nexus/cases
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Fig. 29.7 Axial CT of the head without contrast with bone windowing 
shows the craniectomy in the right retrosigmoid area

Fig. 29.8 An axial CT of the head without contrast shows a bright spot 
where the pledget and fibrin glue are

P. Nakaji et al.
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30Case 9: Left Retrosigmoid Craniotomy 
for Microvascular Decompression 
of Glossopharyngeal Neuralgia

Peter Nakaji, David Fusco, Brandon Liebelt, Michaela Lee, 
and Xiaochun Zhao

 Summary

This case illustrates microvascular decompression for glos-
sopharyngeal neuralgia (Fig. 30.1).

Supplementary Information The online version contains 
 supplementary material available at [https://doi.org/10.1007/ 
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P. Nakaji (*) 
Department of Neurosurgery, University of Arizona College of 
Medicine—Banner, Phoenix, AZ, USA 

Surgery, University of Arizona College of Medicine—Phoenix, 
Phoenix, AZ, USA 

Neurosurgery, Neuroscience Institute, Phoenix, AZ, USA
e-mail: Peter.Nakaji@bannerhealth.com 

D. Fusco 
Inpatient Neurosurgical Care, Chandler Regional Hospital, 
Phoenix, AZ, USA 

B. Liebelt 
Larner College of Medicine, University of Vermont Medical 
Center, Burlington, VT, USA 

M. Lee 
University of Arizona College of Medicine, Banner—University 
Medical Center Phoenix, Phoenix, AZ, USA 

X. Zhao 
Department of Neurosurgery, University of Oklahoma Health 
Sciences Center, Oklahoma City, OK, USA

Fig. 30.1 Axial T2-weighted MRI shows the flow void of the vertebral 
artery impacting the brainstem at the facial nerve origin
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 Case Presentation

A 75-year-old male presented with intermittent bilateral 
facial and neck pains for 12 years, triggered by speaking and 
swallowing (Figs. 30.2, 30.3, and 30.4).

Fig. 30.2 The corresponding axial T1-weighted MRI with gadolinium 
also shows the vertebral artery impacting the brainstem at the facial 
nerve origin as well as a segment of the posterior inferior cerebellar 
artery immediately posterior to this, which is likely contributing to the 
compression

Fig. 30.3 Additional axial T1-weighted MRI with gadolinium also 
shows the vertebral artery impacting the brainstem even lower, which 
shows that a long segment of vessel will need decompression

Fig. 30.4 The slice just above the one shown in Fig. 30.3 demonstrates 
more of the compression

P. Nakaji et al.
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Fig. 30.5 A low retrosigmoid craniotomy provides access to the verte-
bral artery and the underside of the cranial nerve VII/VIII complex

Fig. 30.6 An anatomical dissection of the left cerebellopontine angle 
shows the vertebral artery below the cranial nerve VII complex where it 
usually impacts the brainstem in hemifacial spasm

Fig. 30.7 Positioning for a retrosigmoid craniotomy in most patients 
with a supple neck is straight supine with the neck turned. If the neck 
will tolerate it, this can be done without a shoulder bump. Elevating the 
head will lower venous pressure and relax the field some. Mildly flexing 
the neck will improve the approach angle

 Approach

A left-sided retrosigmoid approach was planned (Fig. 30.5).

 Alternatives

Anticonvulsants are the initial medical treatment for glosso-
pharyngeal neuralgia. Radiosurgery such as Gamma knife 
may be appropriate for some older patients. Rhizotomy for 
cranial nerve (CN) IX and upper rootlets of CN X can be an 
alternative if no offending vessels are found, but it is associ-
ated with a high risk of permanent lower cranial nerve dys-
function such as dysphagia and vocal cord paralysis [1–3].

 Anatomy

See Fig. 30.6.

 Positioning

The patient was positioned supine with his head turned to the 
right to expose the left retrosigmoid region (Fig. 30.7). The 
shoulder should not be allowed to rise into the way.

30 Case 9: Left Retrosigmoid Craniotomy for Microvascular Decompression of Glossopharyngeal Neuralgia
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Fig. 30.8 A 3D reconstructed figure with the head down shows the 
location of the craniotomy and the associated traditional vertical 
incision

Fig. 30.9 An axial CT of the head without contrast shows the small left 
retrosigmoid craniotomy through which microvascular decompression 
is performed

 Incision

A vertical curvilinear incision behind the sigmoid sinus was 
made (Fig. 30.8).

 Operation

A small retrosigmoid craniotomy posterior and inferior to 
the transverse-sigmoid junction was pursued. Dura was 
opened in a C-shaped fashion and tacked forward toward 
the sigmoid sinus. The arachnoid membrane was opened, 
cerebrospinal fluid (CSF) released, and CN IX exposed. 
The  vertebral artery and loops from the posterior inferior 
cerebellar artery that were wedged into the brainstem were 
identified and dissected away. A 30-degree endoscope was 
brought into the surgical field to maximize the visualiza-
tion. A Teflon™ sponge was inserted and held in place with 
Evicel® glue. A watertight closure was achieved (see Video 
30.1).

 Post-op

See Fig. 30.9.

 Outcome

The pain was relieved postoperatively and did not return. 
The patient initially developed difficulty swallowing, though 
it resolved in the early postoperative period.

 Pearls and Pitfalls

• Common offending vessels for glossopharyngeal neural-
gia are the posterior inferior cerebellar artery and verte-
bral artery.

• The entire length of the nerve (particularly the root entry 
zone) must be examined.

• A watertight dural closure and waxing of mastoid air cells 
are required to prevent CSF leakage.

P. Nakaji et al.
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 Discussion

Glossopharyngeal neuralgia is a disorder of CN IX, charac-
terized with episodic pain at the posterior tongue, tonsil, 
throat, or external ear canal, which can be triggered by eat-
ing, swallowing, and speaking. Anticonvulsants are the start-
ing treatment, with surgical decompression an option for 
patients who can tolerate surgery and who fail medical treat-
ment. The entire length of the nerve, including the ventral 
side of the root entry zone, must be examined meticulously. 
Endoscopy can be helpful.

Video used with permission from the Congress of Neurological 
Surgeons, CNS Nexus Cases. 2018. https://www.cns.org/nexus/cases
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31Case 10: Anterior Transpetrosal 
Approach for Resection of Petroclival 
Meningioma

João Paulo Almeida, Sacit B. Omay, 
Theodore H. Schwartz, and Rohan Ramakrishna

 Summary

True petroclival meningiomas are lesions originating medial 
to the porus trigeminalis. Different approaches can be used 
for resection of those lesions, including anterior or posterior 
petrosectomies and retrosigmoid approaches. This case illus-
trates the surgical nuances of the anterior petrosectomy 
approach (Kawase approach) for resection of petroclival 
meningiomas.

 Case Presentation

A 68-year-old woman presented with a growing lesion, 
radiographically, diagnosed as a meningioma (Fig.  31.1). 
She exhibited gait instability and partial cranial nerve (CN) 
III palsy. Neuro exam revealed the following: intact, apart 
from trace left-sided weakness 4+, mild ptosis, and intermit-
tent diplopia on medial/superior gaze.
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Fig. 31.1 Gadolinium-enhanced T1-weighted MRI demonstrating a right petroclival meningioma, arising medial to the porus trigeminus, poste-
rior to the dorsum sellae, and closely related to the tentorial edge

 Approach

An anterior petrosal approach (Kawase approach) was 
planned.

 Alternatives

For petroclival meningiomas, observe the relation of the 
tumor with the tentorium and CNs V, VII, and VIII (internal 
auditory canal [IAC]) and extensions into the cavernous 
sinus/middle fossa. Lesions with significant supratentorial 
extension are good candidates for anterior petrosectomy. If 
the lesion is inferior to the IAC (VII/VIII), consider a poste-
rior petrosectomy/retrosigmoid approach; if the lesion is 
superior to the IAC, consider an anterior petrosectomy. If the 
lesion extends into the middle fossa/cavernous sinus, an 
extended anterior petrosectomy (Dolenc-Kawase approach) 
may be preferred. A suprameatal retrosigmoid approach 

allows resection of middle fossa extensions. Combined 
approaches, such as pretemporal and retrosigmoid 
approaches, are also useful.

A middle fossa approach is an option for resection of 
lesions in the upper clivus, interpeduncular fossa, and pre-
pontine cistern (above the level of the IAC). Attention should 
be given to the petrous internal carotid artery (ICA), V3, 
superior petrous sinus, and IAC.

 Anatomy

Posterior medial (Kawase) triangle—quadrangular space 
(Fig. 31.2) [1]:

• Anterior limit of V3
• Lateral limit of the petrous ICA
• Posterior limit of the IAC
• Medial limit of the petrous apex/tentorial edge

J. P. Almeida et al.
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Fig. 31.2 (a) Exposure of the middle fossa after peeling is completed. 
The Kawase space is observed in the figure, located medial to the 
petrous carotid and GSPN, posterior to V3, anterior to the internal 
acoustic canal, and lateral to the petrous apex/tentorial edge. The genic-
ulate ganglion, superior semicircular canal, and internal acoustic canal 
are visualized after partial drilling of the middle fossa. V2: maxillary 
segment of the trigeminal nerve; V3: mandibullary segment of the tri-
geminal nerve. (b) Drilling of the middle fossa/Kawase space is com-
pleted and the dura of the posterior fossa is observed. The limits of the 
Kawase space are easily identified in this figure and consist of: anterior 
limit—posterior aspect of V3; posterior limit—internal acoustic canal; 
medial limit—petrous apex/tentorial edge; lateral limit—petrous seg-
ment of the internal carotid artery. (c) The relationship of the tentorium 

and middle fossa is demonstrated in this figure. The trigeminal nerve 
crosses from the posterior fossa into the middle fossa through the porus 
trigeminus. The IV cranial nerve pierces the tentorial edge and runs 
anteriorly into the posterior aspect of the lateral wall of the cavernous 
sinus. When performing an anterior petrosctomy, the correct identifica-
tion of the IV nerve, medial to the tentorium, is paramount for preserva-
tion of the trochlear nerve. (d) The inferior petrosal sinus represents the 
inferior limit of the Kawase/anterior petrosectomy. After such extensive 
drilling of the middle fossa, the VI nerve/abducens nerve is visualized, 
located lateral to the basilar trunk, running anteriorly towards Dorello’s 
canal. Adapted from Rhoton AL.  Overview of temporal bone. 
Neurosurgery. 2007;61(Suppl 4):S47–S460. Neurosurgery. Copyright 
© 2007 by the Congress of Neurological Surgeons
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 Positioning

The patient should be positioned supine, with her or his head 
rotated to the contralateral side (sagittal suture parallel to the 
floor). A shoulder roll should be placed under the ipsilateral 
shoulder. Secure the patient to allow for rotation, if needed.

 Incision

A curvilinear, frontotemporal, or linear incision, from the 
root of the zygoma to the superior temporal line, was made.

 Operation

A lumbar drain was placed after general anesthesia, followed 
by a temporal craniotomy (with or without supplementary 
removal of the zygomatic arch if needed for adequate expo-
sure of the middle fossa) (Fig. 31.3) [2] (see Video 31.1).

 Extradural Dissection: Subtemporal Corridor

The middle meningeal artery was identified and ligated, and 
the V3 and greater superficial petrosal nerve (GSPN) were 
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Fig. 31.3 Anterior petrosectomy: positioning and landmarks. (a) 
Patient is placed in supine positioned with head extended and rotated to 
the contralateral side, and fixed with use of a Mayfield headholder. (b) 
The middle fossa bone landmarks are exposed after the temporal crani-
otomy and peeling of the middle fossa. Drilling of the Kawase space is 
performed after identification of anatomical landmarks. (c) The poste-
rior fossa dura (PFD) is exposed once middle fossa drilling is com-
pleted. (d) The tentorium and posterior fossa dura are cut and IV and V 
cranial nerves are identified as well as AICA , in close relationship with 

the VII–VIII complex. FO foramen ovale, FS foramen spinosum, LSPN 
lesser petrosal superficial nerve, GG geniculate ganglion, LSC lateral 
semicircular canal, PSC posterior semicircular canal, SSC superior 
semicircular canal, GSPN greater petrosal superficial nerve, ICA inter-
nal carotid artery, PFD posterior fossa dura, AICA anterior inferior cer-
ebellar artery. Adapted from Aziz KM, van Loveren HR, Tew JM Jr, 
Chicoine MR.  The Kawase approach to retrosellar and upper clival 
basilar aneurysms. Neurosurgery. 1999;44(6):1225–1234. Copyright © 
1999, Neurosurgery, by the Congress of Neurological Surgeons
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exposed. We identified the Kawase triangle/quadrangular 
space (V3, petrous ICA, petrous apex/tentorial edge, and 
arcuate eminence/IAC) [3]. The Kawase space was drilled 
with a diamond bit drill to expose the posterior fossa dura.

 Dura Opening

Temporal dura was opened in a U-shaped fashion. The superior 
petrosal sinus was identified and coagulated, and CN IV was 
identified. The tentorium and posterior fossa dura were opened.

 Tumor Resection

After coagulation of the dural insertion of the tumor, an 
ultrasonic aspirator was used for internal bulking. The tumor 
margins (brainstem, CN IV, CN V, tentorium edge) were dis-
sected. After tumor resection, the surrounding dura was 
coagulated and resected. Meticulous hemostasis should be 
maintained.

 Closure

Fat tissue and dural sealant were used for closure. Bone flap 
was replaced.

 Post-op

The patient was discharged to rehab on postoperative day 4, 
neurologically intact apart from palsy of CN IV. Preoperative 
palsy of CN III resolved at 3-month follow-up.

 Pearls and Pitfalls

• Use of neuronavigation and Doppler ultrasound facilitates 
identification of petrous ICA and bone landmarks.

• In the middle fossa, perform posterior to anterior dissec-
tion to avoid injury to the GSPN, which is connected to 
the geniculate ganglion posteriorly.

• Prior to cutting the tentorium, identify CN IV to avoid 
postoperative diplopia.

• Postoperative leak of cerebrospinal fluid (CSF) is a poten-
tial complication. The use of fat tissue for closure and 
postoperative lumbar drain for 48 to 72 h improves post-
operative result. Be sure to wax any air cells that are 
opened during drilling process. Placing dural substitute 
along the middle fossa floor is also useful to cover small 
bony dehiscences exposed during initial exposure.

• Temporal lobe retraction can cause significant contusion/
hematoma. Remove plenty of CSF and gravity assist (ver-
tex down) to reduce the amount of retraction. Minimize 
the use of fixed retractors; they often can be removed after 
the tentorium has been cut. Make the craniotomy suffi-
ciently large so that the temporal lobe is not retracted 
against the superior bone edge.

• CN IV is at high risk, particularly with meningiomas; 
counsel patients about possible CN IV palsy.

• Identify the vein of Labbé on preoperative imaging and 
preserve it during the operation.

• The tumor should not be chased into the cavernous sinus 
for benign lesions; radiosurgery is extremely effective for 
residual tumor in these areas.

• Neurophysiologic monitoring is key; CNs V, VII, VIII 
should be monitored. CNs III and VI can also be moni-
tored but may be less useful. Somatosensory evoked 
potentials (SSEP)/motor evoked potentials (MEPs) are 
also useful.

Video used with permission from the Congress of Neurological 
Surgeons, CNS Nexus Cases. 2018. https://www.cns.org/nexus/cases
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32Case 11: Vestibular Schwannoma 
Resection with Facial Nerve Displaced 
Dorsally

Jacob Cherian, Alex D. Sweeney, and Akash J. Patel

 Summary

Preservation of facial nerve function is critical during resec-
tions of vestibular schwannomas. In rare instances, the facial 
nerve can be displaced dorsally by a vestibular schwannoma, 
making its removal challenging [1, 2]. This case and accom-
panying video (Video 32.1) illustrate preoperative workup, 
surgically relevant anatomic variation, intraoperative deci-
sion making, and postoperative management.

 Case Presentation

A 62-year-old woman presented with right-sided nonpulsa-
tile tinnitus for 1 year, with progressive hearing loss and long 
standing episodic positional vertigo. On exam, she was 
awake, alert, and oriented. Hearing loss was worse on her 
right side. Facial function was symmetrical. MRI (T1 with 
contrast) was performed (Figs. 32.1 and 32.2).
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Fig. 32.1 Preoperative axial T1-weighted MRI with contrast demon-
strates right sided vestibular schwannoma in the internal auditory canal 
and cerebellopontine angle cistern
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Fig. 32.2 Preoperative coronal T1-weighted MRI with contrast dem-
onstrates right sided vestibular schwannoma

Fig. 32.3 Operative video demonstrated complete resection of vestib-
ular schwannoma

 Approach

A retrosigmoid approach was planned. The surgical corridor 
was accessed through the space posterior and inferior to the 
transverse-sigmoid sinus junction. We opened the cisterna 
magna and cerebellopontine angle (CPA) cistern, providing 
brain relaxation.

 Alternatives

Continued observation, a translabyrinthine approach, and 
radiosurgery are alternatives.

 Positioning

The patient was put into park-bench position, with the 
affected side up. The patient should be secured to allow for 
rotation if needed.

 Incision

A linear incision was made.

 Operation

We performed a craniotomy. The transverse-sigmoid junc-
tion was located using neuronavigation. Dura was opened 
in a linear fashion, with extension toward the sinus junc-
tion. The cisterna magna was opened, and the CPA cistern 
was dissected. Neuromonitoring was used to identify the 
course of the facial nerve (Fig. 32.3). The tumor was deb-
ulked and dissected away from the brainstem. The porus 
was drilled, and the intracanalicular tumor was removed, 
followed by the removal of the final tumor and then clo-
sure (Video 32.1).

 Anatomy

• Transverse and sigmoid sinuses
• Cranial nerves V, VII, IX, and X
• Porus acousticus
• Anterior inferior cerebellar artery

 Post-op

The patient had an uneventful recovery, with an overnight 
stay in the ICU. She was discharged home on post-op day 3 
with a House-Brackmann score of 1. MRI demonstrated 
gross total resection (Fig.  32.4). Pathology revealed a 
schwannoma.

J. Cherian et al.
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 Pearls and Pitfalls

• Neuromonitoring with direct stimulation can identify an 
unexpected position of the facial nerve and maintain the 
nerve boundary during dissection.

• Debulking followed by sharp dissection and gentle mobi-
lization allows for preservation of facial nerve function.

• Tumor dissection toward the porus acousticus is simpli-
fied after the medial boundary with the brainstem and the 
lateral boundary in the canal are identified.

Video used with permission from the Congress of Neurological 
Surgeons, CNS Nexus Cases. 2018. https://www.cns.org/nexus/cases, 
https://cnsnexus.crowdwisdomhq.net/nexus/article/13909
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33Case 12: Right Retrosigmoid 
Craniotomy for Pontine Cavernous 
Malformation

Xiaochun Zhao, Nikolay Martirosyan, Yashar Kalani, 
and Peter Nakaji

 Summary

This case illustrates the resection of a pontine cavernous 
malformation via a retrosigmoid approach (Fig. 33.1).

Supplementary Information The online version contains supplementary 
material available at [https://doi.org/10.1007/978-3-031-12507-2_33].
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Fig. 33.1 Microscopic view of the cavernous malformation exposed 
through a pontine window via the right retrosigmoid approach
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Fig. 33.2 Sagittal T1 and axial T2 MRI show the right pontine cavernous malformation

Fig. 33.3 The location of the right retrosigmoid craniotomy is shown 
in orange

 Case Presentation

A 28-year-old male presented with left side weakness, dys-
phagia, gait difficulties, and seizure (Fig. 33.2).

 Approach

A right retrosigmoid approach was planned. This approach 
requires a trajectory through the middle cerebellar peduncle; 
any deficits can be expected to recover (Fig. 33.3) [1–3].
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 Alternatives

The telovelar approach can be an alternative because of its 
proximity to the floor of the 4th ventricle (suprafacial/infra-
facial collicular triangle). However, the peritrigeminal zone 
is more appropriate based on the two-point method and is 
usually better tolerated (Fig. 33.4) [2].

 Anatomy

A retrosigmoid craniotomy takes a posterior approach past 
the cranial nerves. The preferred entry zones into the pons 
are shown; in this case, the inferior entry below the trigemi-
nal nerve and above the facial-vestibular complex was used. 
The cerebellum should be walked back to expose the lateral 
cerebellar peduncle (Figs. 33.5, 33.6, and 33.7).

Fig. 33.4 A simple method for determining the trajectory to a brain-
stem lesion is to draw a straight line from the center of the lesion to the 
surface — the “two-point method”

Fig. 33.5 A cadaveric view of the right lateral pons shows the anatomy 
of the right retrosigmoid space. Access to the pons would be through 
the window between CN V and CN VII, under the tip of the retractor 
blade (which would not be used in actual surgery)

Vagus nerve
(CN X)

Glossopharyngeal
nerve (CN IX)

Facial and
vestibulocochlear
nerves (CN VII & VIII)

Fig. 33.6 Retrosigmoid craniotomy with cranial nerves indicated
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Trigeminal nerve
(CN V)

Supratrigeminal
safe entry zone

Pontomesencephalic
sulcus

Fig. 33.7 Safe entry zones into the pons. There are a number of safe 
entry zones into the pons, especially including the zones just above and 
below the trigeminal nerve and just in front of it, in addition to entering 
from the middle cerebellar peduncle (not shown in this figure)

Fig. 33.8 Supine position with head turned to the left. For the retrosi-
gmoid position, the head should be turned away to the opposite side as 
far as can safely be managed. Occasionally a bump is placed under the 
ipsilateral shoulder, though doing so should be avoided if possible. The 
chin should be tucked in some degree of flexion to decrease the steep-
ness of the tentorium

Fig. 33.9 Location of craniotomy. The craniotomy is located with the 
anterior-superior edge near the asterion, bordering the transverse and 
sigmoid sinuses

 Positioning

The patient was positioned supine with his head turned left 
to expose the right retrosigmoid region. The shoulder should 
not be allowed to rise into the way. Some chin flexion may 
improve the angle to the trigeminal nerve (Fig. 33.8).

 Incision

A vertical incision over the transverse-sigmoid sinus junc-
tion was made (Fig. 33.9).

 Operation

As seen in Video 33.1, we made a vertical incision for a cra-
niotomy below and behind the transverse sigmoid junction. 
The sigmoid sinus was fully exposed to increase the angle of 
the view. Dura was opened and tacked up. The arachnoid 
membrane was opened to release cerebrospinal fluid. The 
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Fig. 33.10 Postoperative image. Sagittal MRI with gadolinium shows 
good resection of the lesion

Fig. 33.11 Postoperative image. Axial MRI with gadolinium image 
shows good resection of the lesion with preservation of the develop-
mental venous anomaly

flocculus was retracted to expose the middle cerebellar 
peduncle. The exact entry site was selected with the assis-
tance of neuronavigation. Pursue minimal cauterization of 
the entry site and transgression of the parenchyma. The cav-
ernous malformation was encountered, freed up circumfer-
entially with dissectors, and taken out piecemeal. The cavity 
was inspected, and hemostasis was maintained. A watertight 
dural closure was achieved (see Video 33.1).

 Post-op

Post-operative MRI demonstrates good resection of the cav-
ernous malformation (Figs. 33.10 and 33.11). Note that the 
surrounding hemosiderin-stained brain is not cavernous mal-
formation and is preserved.

 Outcome

No new neurological deficits were observed. The patient was 
discharged on postoperative day 8.

 Discussion

The parenchyma needs to be entered incising parallel to 
fiber tracts to decrease the risk of neurological deficits. 
The two- point method helps to evaluate and select the 
right surgical approach. A hemorrhagic cavernous malfor-
mation has a superior outcome if it is operated on within 
6 weeks.

 Pearls and Pitfalls

• The retrosigmoid approach is a quick and straightforward 
approach.

• A large petrosal vein (vein of Dandy) may affect the sur-
gical exposure and manipulation.

• Use lateral pontomesencephalic fissure.

33 Case 12: Right Retrosigmoid Craniotomy for Pontine Cavernous Malformation
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• For ventrally positioned lesions where a retrosigmoid 
approach is too oblique, an anterior/posterior petrosec-
tomy or transclinoidal or endonasal approach may be 
more appropriate.

Video used with permission from the Congress of Neurological 
Surgeons, CNS Nexus Cases. 2018. https://www.cns.org/nexus/cases
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34Case 13: Lateral Transcondylar 
Craniotomy for PICA Aneurysm

Anisha Garg, Kevin K. Yoo, Simone E. Dekker, 
and Nicholas C. Bambakidis

 Summary

This case illustrates issues in clipping a large left posterior 
inferior cerebellar artery (PICA) aneurysm in a 53-year-old 
male (Fig. 34.1).
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Fig. 34.1 Preoperative digital subtraction angiography

 Case Presentation

The patient presented with 2 years of worsening headache 
and recent onset of left facial numbness. Imaging demon-
strated a large left vertebral aneurysm distal to the take-off 
from PICA. He had a medical history of aneurysm, hyperten-
sion, and stroke (Figs. 34.2 and 34.3).
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Fig. 34.2 Preoperative digital subtraction angiography

Fig. 34.3 Preoperative digital subtraction angiography

CN VII
& VIII

CN IX, X, & XI

CN XII

VA
C1
rootlets

PICA

AICA

Fig. 34.4 Illustrative diagram demonstrates a left far lateral approach 
with intradural exposure. Lower cranial nerve origins from the brain-
stem with their respective relationships to PICA and VA are shown. 
Used with permission from Barrow Neurological Institute, Phoenix, 
Arizona

Vertebral
artery

Fig. 34.5 Illustrative diagram demonstrates bony exposure of left far 
lateral approach. A C1 hemilaminectomy has been performed along 
with a suboccipital craniotomy and partial removal of the occipital con-
dyle. A C-shaped incision with anterior projections at inferior and supe-
rior poles is marked (hashed lines). Used with permission from Barrow 
Neurological Institute, Phoenix, Arizona

 Approach

Lateral transcodylar craniotomy for clipping (Figs.  34.4, 
34.5, and 34.6) [1–5].
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Condylar
vein

Fig. 34.6 Illustrative diagram demonstrates bony exposure of left far 
lateral approach. The occipital condyle is reduced until the dural entry 
of the vertebral artery is visualized. The condylar emissary vein 
depicted in the figure is often encountered with reduction of the con-
dyle. Early skeletonization followed by cauterization is essential to 
minimize venous bleeding. Used with permission from Barrow 
Neurological Institute, Phoenix, Arizona

Fig. 34.7 Illustrative diagram demonstrates park-bench positioning. A 
hockey stick incision is planned (red hashed line) from the midline of 
the C2 spinous process to the inion, curving to the middle of the mas-
toid tip. Used with permission from Barrow Neurological Institute, 
Phoenix, Arizona

 Alternatives

Conservative medical management with serial observation is 
one alternative. Interventional radiology for coiling may also 
be considered.

 Positioning

The patient was placed in the park-bench position 
(Fig. 34.7).

 Incision

The incision started at the external acoustic meatus and 
descended to the C2 level by passing posterior to the dorsal mar-
gin of the sternocleidomastoid muscle (SCM). A hockey- stick 
incision over the mastoid ascended to the superior nuchal line 
and descended to the C2 level midline (Figs. 34.8 and 34.9).
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 Operation

We used the left-sided transcondylar posterior cranial fossa 
approach with a large curvilinear skin incision in the retro-
mastoid region. Bone and the lateral arch of C1 were 
removed with a high-speed drill. Dura was opened. With 
microdissection, the vertebral artery and PICA origin on 
the left side were exposed. The aneurysm was present on 
the left vertebral artery, distal to the PICA take-off, and was 
successfully occluded with titanium aneurysm clips. Initial 
intraoperative indocyanine green (ICG) video angiography 
and microvascular Doppler confirmed narrowing at the 
PICA origin; clips were rearranged with patent proximal 
vertebral and PICA arteries. The wound was irrigated. 
Hemostasis was excellent. Dura was loosely approximated 
and covered with a synthetic dural graft. Bone was covered 
with titanium mesh and screws. Scalp and muscle were 
reapproximated and closed with sutures. There were no 
complications (see Video 34.1).

 Post-op

The patient was discharged to home with rehab on postop-
erative day 3, with continuing headaches and occasional left 
facial numbness (Fig. 34.10).

Fig. 34.8 Illustrative diagram demonstrates alternative curvilinear 
incision (red hashed lines) through lateral aspects of posterior elements 
of C1 and C2. Used with permission from Barrow Neurological 
Institute, Phoenix, Arizona

Fig. 34.9 Illustrative diagram demonstrates planned bony removal for 
adequate exposure for far lateral, transcondylar approach (green cir-
cles). Used with permission from Barrow Neurological Institute, 
Phoenix, Arizona

Fig. 34.10 Axial postoperative CT with bone window showing tita-
nium mesh reconstruction of occipital bone along with aneurysm clip
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Fig. 34.11 Axial postoperative CT with soft tissue window showing 
titanium mesh reconstruction of occipital bone along with aneurysm 
clip

 Outcome

The patient presented 5 months later with shooting “nerve” 
pain on the contralateral posterior scalp. Pain was deter-
mined to be present prior to the craniotomy and well con-
trolled with injections. No further complications were 
reported (Fig. 34.11).

 Discussion

Vertebrobasilar junction aneurysms are rare and often uncov-
ered once the aneurysm begins dissecting. Vertebral aneu-
rysms report an institutional incidence of 0.5% with most 

patients presenting with subarachnoid hemorrhages. Access 
to vertebrobasilar junction aneurysms is complicated due to 
the brainstem perforators and lower cranial nerves located in 
the same region. PICA aneurysms have an incidence of 2.8% 
with only 21% presenting unruptured.

The far lateral approach is used to approach lesions 
located ventral or ventrolateral to the brainstem. Compared 
to the retrosigmoid approach, it permits a better inferior-to- 
superior view and access anterior to the brainstem. It is par-
ticularly useful for access to the following:

• Vertebral artery and PICA, especially PICA aneurysms
• Upper cervical cord and medulla, especially 

anterolaterally
• Foramen magnum
• Caudal segment of the clivus
• Jugular foramen

Video used with permission from the Congress of Neurological 
Surgeons, CNS Nexus Cases. 2018. https://www.cns.org/nexus/cases
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35Case 14: Left Retrosigmoid Approach 
in Large Vestibular Schwannoma 
in Patient with NF2

Marte van Keulen, Jeffrey T. Nelson, Sarah Mowry, 
and Nicholas C. Bambakidis

 Summary

This case demonstrates the resection of a large left-sided ves-
tibular schwannoma in a 25-year-old patient with a history of 
neurofibromatosis type 2 (NF2).

 Case Presentation

A 25-year-old man with a history of NF2 presented with 2 
months of progressive vision loss. The patient also reported 
1 year of hearing loss in his left ear. A neurologic exam 
revealed the following:

• OD detects shapes/motion only, OS 20/200

• L PPRF/CN VI nuclear palsy
• L House-Brackmann 4
• Bilateral papilledema

MRI showed a large left-sided vestibular schwannoma 
(Fig. 35.1).

About 1.5 months prior to tumor resection, a ventriculo-
peritoneal (VP) shunt was placed for obstruction hydroceph-
alus. Despite slit ventricles on a CT scan and shunt tap 
12  mmHg, OS visual acuity worsened. The patient under-
went left optic fenestration 6 days prior to tumor resection 
because of the progressive nature of his vision problems and 
objectified papilledema.

A right-sided small vestibular schwannoma was visible 
(Fig. 35.2).
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Fig. 35.1 Preoperative MRI, axial

Fig. 35.2 Preoperative MRI, axial

 Approach

A left retrosigmoid approach was chosen, in collaboration 
with otolaryngology surgery.

 Alternatives

Nonoperative strategies were not a viable option due to the 
size of the tumor, pressure on the brainstem, and hydroceph-
alus. However, a translabyrinthine approach and an extended 
translabyrinthine approach were options. These were consid-
ered, but the surgical team opted for a retrosigmoid approach 
due to the size of the tumor and to restrict the length of 
surgery.

 Positioning

The patient was positioned supine, with his head turned to 
the right, his left shoulder elevated, and the bed in a slight 
reverse Trendelenburg position (Fig. 35.3).
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Fig. 35.3 Positioning

Fig. 35.4 Incision

 Incision

A left-sided retromastoid postauricular skin incision was 
made to expose the mastoid process and the posterior fossa 
bone (Fig. 35.4).

 Operation

The operation began with a craniotomy over the cerebellar 
hemisphere as well as skeletonization of the transverse sig-
moid sinus and a partial mastoidectomy. Air cells were 
carefully waxed. Dura was opened widely. Additional intra-
dural drilling of the internal auditory canal was performed 
by a neuro-otolaryngology surgeon. A gigantic acoustic 
tumor was encountered with significant vascularity around 
the circumference of the lesion, necessitating microdissec-
tion and stereotactic navigation to allow for removal of the 
very large vascular mass severely compressing the brain-
stem. Hemostasis was achieved, with closure. Dura was 
loosely approximated and covered with a synthetic dural 
graft. The bony defect was covered with titanium mesh, and 
the wound was closed in multiple layers using sutures (see 
Video 35.1).

 Post-op

The patient was discharged to physical rehab on postopera-
tive day 7 and readmitted with the complication of a VP 
shunt infection requiring externalization and eventual 
replacement (Fig. 35.5).
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Fig. 35.5 Postoperative MRI

 Outcome

Prior to surgery, the patient had bilateral vision loss (CN II) 
and peripheral facial palsy (CN VII) as well as hearing loss 
(CN VIII) and abducens palsy (CN VI) on his left side. These 
symptoms remained.

 Discussion

This particular case shows a patient with an exceptionally 
large vestibular schwannoma, with numerous subsequent 
problems including hydrocephalus, progressive visual prob-
lems, and brainstem compression.

 Pearls and Pitfalls

• No adequate stimulation of the facial nerve was identified 
during the procedure, which correlated with the patient's 
severe preoperative facial nerve palsy.

• The retrosigmoid approach provided an adequate and 
relatively rapid view of a tumor of this size in the cerebel-
lopontine angle.

M. van Keulen et al.
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36Case 15: Retrosigmoid Approach 
for a Left-Sided Trigeminal 
Schwannoma

Marte van Keulen, Jeffrey T. Nelson, 
and Nicholas C. Bambakidis

 Summary

This case illustrates the resection of a trigeminal schwan-
noma in a patient presenting with trigeminal and brainstem 
compression symptoms.

 Case Presentation

An 82-year-old male was active and healthy about 6 months 
ago (Figs. 36.1, 36.2, and 36.3). The patient presented with 
progressive left facial numbness and pain as well as double 
vision. He had experienced falls for the past 6 months as well 
as difficulty with gait and with eating; he failed a swallowing 
test. He was on a soft diet but had recently lost 10 pounds.
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Fig. 36.1 Preoperative MRI, axial

Fig. 36.2 Preoperative MRI, axial
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Fig. 36.3 Preoperative MRI, coronal and sagittal

 Neurologic Exam

The patient was awake and alert and in a wheelchair, with 
fluent speech. The following was noted:

• Cranial nerves: L absent corneal reflex; L facial numb-
ness; extraocular movement (EOM) full, tongue midline 
and face symmetric.

• Motor: extremity strength normal.
• Sensation: intact.
• Walking: gait limited due to imbalance and risk of falls.

MRI showed a left-sided 3-cm trigeminal schwannoma 
with extension into the cavernous sinus, Meckel’s cave, and 
foramen ovale. It compressed the left middle cerebellar 
peduncle, anterior left cerebellum, and left aspect of the pons.

 Approach

A retrosigmoid approach was planned.

 Alternatives

Conservative measures were not an option due to the size 
and compression and subsequent symptoms. Surgical alter-
natives included a middle fossa approach, though it would 
not have provided the optimal view of the posterior compo-
nents. The retrosigmoid approach achieved sufficient tumor 
view in this case and, therefore, was preferable over a trans-
labyrinthine approach as well because it would not require 
hearing to be sacrificed.

 Positioning

The patient was positioned supine, with head turned to the 
right (Figs. 36.4, and 36.5).
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Fig. 36.4 Positioning

Fig. 36.5 Positioning

Fig. 36.6 Incision

 Incision

A retromastoid skin incision was made exposing posterior 
fossa bone (Fig. 36.6).

 Operation

Stereotaxis was used. The procedure was carried out under 
monitoring of the facial nerve, which was identified and pre-
served throughout this operation. Posterior fossa bone was 
removed with a high-speed drill. Dura was opened, widely 
allowing access to the cerebellopontine angle on the left side. 
Using microdissection stereotactic navigation, a trigeminal 
nerve schwannoma was encountered and internal resection 
and decompression of the tumor was accomplished with gross 
total resection of the intracranial components of the tumor 
portion of the tumor extending into Meckel’s cave. The wound 
was copiously irrigated, and hemostasis was excellent. Dura 
was loosely approximated and covered with synthetic dural 
graft. The bone defect was covered with titanium mesh and 
closed in multiple layers using sutures (see Video 36.1).

 Post-op

The following was noted postoperatively:

• House Brackmann (HB) 2, which had spontaneously 
resolved by his visit 6 weeks postoperatively (Figs. 36.7, 
and 36.8).

• L face numbness, bilateral upper extremity (UE) dysmetria.
• Discharge on postoperative day 3 (POD 3).
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Fig. 36.7 Postoperative MRI, axial

Fig. 36.8 Postoperative MRI, axial
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Fig. 36.9 Postoperative CT, axial

 Outcome

The patient initially did well but presented 6 weeks post-
operatively with gait difficulty and confusion. Imaging 
demonstrated hydrocephalus and pseudomeningocele, 
which were treated with a ventriculoperitoneal (VP) 
shunt, followed by a subsequent resolution of symptoms 
(Fig. 36.9).

 Pearls and Pitfalls

• Facial and auditory nerve monitoring and early identifica-
tion are vital in the attempt to preserve both nerves as 
dissection occurs deep to their anatomic location.

• The superior cerebellar artery is located immediately 
superior to the tumor location, and care must be taken to 
avoid vascular injury.
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37Case 16: Retrosigmoid Approach 
to Right-Sided Epidermoid Cyst

Marte van Keulen and Nicholas C. Bambakidis

 Summary

This case illustrates the resection on a right-sided epider-
moid cyst in a 55-year-old male, presenting with unilateral 
hearing loss and tinnitus.

 Case Presentation

A 55-year-old male presented with progressive right-sided 
partial hearing loss and tinnitus for 1 to 2 years. Neurologic 
exam revealed objectifiable right partial hearing loss (other-
wise intact), and MRI revealed a lesion in the right cerebel-
lopontine angle (CPA) (30 × 23 mm), which was thought to 
be an epidermoid cyst (Figs. 37.1, and 37.2).
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Fig. 37.1 Preoperative MRI, axial

Fig. 37.2 Preoperative MRI, coronal and sagittal

 Approach

A right-sided retrosigmoid approach allows for hearing pres-
ervation and resection of lesions with significant extension 
into the CPA. It does require cerebellar retraction and offers 
limited access to the fundus of the internal auditory canal 
(IAC).

 Alternatives

A middle fossa approach was not chosen because this tumor 
did not enter the IAC and had a large posterior fossa compo-
nent; therefore, this approach did not generate an optimal 
view to this tumor. A translabyrinthine approach was not 
chosen in attempt to preserve the patient’s residual hearing.

M. van Keulen and N. C. Bambakidis
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 Positioning

The patient was positioned supine, with his head turned to 
the left (Fig. 37.3).

 Incision

A right-sided incision was made behind the ear, in the retro-
sigmoid region.

 Operation

Stereotactic navigation was utilized (Fig.  37.4). Before the 
procedure, a lumbar drain catheter was placed to allow inter-
mittent drainage throughout the procedure. A retromastoid 

Fig. 37.3 Positioning and incision

Fig. 37.4 Intraoperative stereotaxis

37 Case 16: Retrosigmoid Approach to Right-Sided Epidermoid Cyst
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craniotomy was performed. Posterior fossa dura was opened 
widely. An epidermoid cyst neoplasm in the CPA was inter-
nally debulked, with careful preservation of the cranial nerve 
7/8 complex as well as the other cranial nerves and brainstem. 
Gross total resection was achieved. The wound was copiously 
irrigated. Hemostasis was maintained. Dura was loosely 
approximated and covered with a synthetic dural graft. The 
bony defect was covered with titanium mesh (see Video 37.1).

 Post-op

The patient’s neurologic exam was the same as it was preop-
eratively (Figs. 37.5, and 37.6). He was discharged on post-
operative day 3.

Fig. 37.5 Postoperative MRI, axial

Fig. 37.6 Postoperative MRI, coronal and sagittal
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Fig. 37.7 Postoperative CT, axial and sagittal

 Outcome

The patient was briefly readmitted with a cerebrospinal fluid 
(CSF) leak, based on a pseudomeningocele (Fig.  37.7). It 
was resolved with acetazolamide. No new neurological defi-
cits were observed. In a follow-up exam, right-sided hearing 
was unchanged and tinnitus was gone.

 Pearls and Pitfalls

• Preservation of the facial nerve and the vestibulocochlear 
nerve (auditory evoked potential monitoring) is an impor-
tant and attainable goal. 

• When these nerves cannot be properly visualized, intra-
operative nerve monitoring should be considered.

• Epidermoid cyst contents are prone to causing a postop-
erative inflammatory reaction, which can result in aseptic 
meningitis and CSF resorption problems. 

• As a result, temporary postoperative steroid treatment is 
usually utilized.

37 Case 16: Retrosigmoid Approach to Right-Sided Epidermoid Cyst
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38Case 17: Translabyrinthine 
Transtemporal Approach for Left 
Vestibular Schwannoma

Marte van Keulen, Sarah Mowry, 
and Nicholas C. Bambakidis

 Summary

A 47-year-old woman presented with left facial twitching 
based on a known radiographically growing left-sided ves-
tibular schwannoma, which was resected using a translaby-
rinthine approach.

 Case Presentation

A 47-year-old woman with a known history of left-sided ves-
tibular schwannoma for which she received fractionated ste-
reotactic radiosurgery 8 years prior presented to our hospital. 
Repeat MRI scans revealed progressive growth of the tumor 
(Fig. 38.1). Over the past 6 months, she developed left facial 
twitching. Her neurologic exam showed Romberg to the left 
and left eyelid twitching.

 Imaging

• Audiogram: deaf L ear.
• MRI showed a 2.2-cm acoustic tumor with intracanalicu-

lar component as well as a component within the cerebel-
lopontine angle (CPA) (Figs. 38.2 and 38.3).
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Fig. 38.2 Preoperative MRI, axial

Fig. 38.3 Preoperative MRI, coronal and sagittal
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 Approach

A translabyrinthine approach was planned. The patient had 
no hearing in her left ear; therefore, hearing preservation did 
not have to be considered. The schwannoma had a relatively 
large component in the internal auditory canal (IAC).

 Alternatives

• Watchful waiting. The tumor was growing, and the 
patient was experiencing symptoms.

• Gamma knife therapy. The patient had already received 
radiation that generally was not effective in subsequent 
treatments. The tumor was growing and causing symp-
toms, calling for a faster therapy than radiation.

• Surgery: retrosigmoid approach. This approach would 
have been more appropriate if the tumor had a smaller 
IAC component, left-sided hearing was sufficient, or 
comorbidities/age warranted a faster approach.

 Positioning

The patient was positioned supine, turned 180° toward the 
surgeon.

 Incision

A postauricular incision was made (Fig. 38.4).

 Operation

Temporalis fascia was harvested and set aside for later use. 
The periosteum was incised with an anteriorly based Palva 
flap (see Video 38.1).

 Mastoidectomy

On entering the antrum, the incus was removed. The hori-
zontal canal was identified, followed by the identification of 
the descending segment of facial nerve. The retro-fascial air 
cells were drilled out. The sigmoid sinus was identified and 
skeletonized. Approximately 1–1/2  cm of bone behind the 
sigmoid sinus was removed to facilitate compression of the 
dura later. The mastoid emissary vein was isolated and 
ligated. The tegmen mastoideum was skeletonized as well. 
At this point, the dura was decorticated off the tegmen and 
the posterior fossa plate.

 Labyrinthectomy

The IAC was identified by dissecting down along the poste-
rior fossa dura to the reflection point of the porus acusticus. 
The inferior and the superior troughs were drilled out, with 
the cochlear aqueduct as the inferior limit and the petrous 
apex the superior limit. The IAC was isolated in 270 degrees. 
The superior vestibular nerve was identified as traveling 
through the bone to the insulated end of the superior canal. 
Posterior to this area, Bill’s bar was identified so that the 
labyrinthine segment of the facial nerve could then be 
identified.

 Dura Opening

Dura of the internal auditory canal was opened. Dura was 
reflected superiorly and inferiorly and the tumor was gently 
dissected away from the roof and the anterior wall of the 
IAC. The facial nerve, coursing from the labyrinthine seg-
ment along the anterior wall of the IAC, was identified. The 
superior vestibular nerve was removed from its passageway.

 Tumor Resection

Gross total resection was achieved with microdissection of a 
large multilobulated acoustic tumor arising from the vestibu-
lar nerve both within the IAC and the posterior fossa 
(Fig. 38.5).Fig. 38.4 Incision

38 Case 17: Translabyrinthine Transtemporal Approach for Left Vestibular Schwannoma
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Fig. 38.5 Postoperative MRI, axial
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 Hemostasis and Closure

The dural defect was covered with synthetic dural graft, 
autologous fascia, and synthetic sealant. Preservation of the 
facial nerve was confirmed with a facial nerve monitor under 
direct visualization.

 Post-op

No new neurologic deficits were noted. The patient was dis-
charged home on postoperative day 4.

 Outcome

Facial twitching disappeared. No new neurological deficits 
developed. The left ear remained deaf as it had been 
preoperatively.

 Pearls and Pitfalls

• Injury to surrounding structures such as the sigmoid sinus, 
jugular bulb and the facial nerve should be avoided.

• Adequate bony drilling allows for adequate tumor access. 
• Adipose tissue and synthetic dural sealant application 

minimize the risk of postoperative leak of cerebrospinal 
fluid.

 Discussion

Important patient characteristics to consider in a vestibular 
schwannoma are location of the tumor (IAC and cerebello-
pontine angle component), hearing status, and comorbidi-
ties/age that would complicate the length of surgery and 
amount of anesthesia. We recommend a multidisciplinary 
process, combining the skills of otolaryngology and neuro-
surgery, from decision making to the actual surgery.

38 Case 17: Translabyrinthine Transtemporal Approach for Left Vestibular Schwannoma
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39Case 18: Middle Cranial Fossa 
Craniotomy for a Left Petrous Apex 
Lesion

Marte van Keulen, Cliff A. Megerian, 
and Nicholas C. Bambakidis

 Summary

This case illustrates a 61-year-old female with left-sided 
orbital pain and headaches that won’t improve with conser-
vative treatments. MRI and CT show a left petrous apex 
lesion.

 Case Presentation

A 61-year-old female presented with left-sided orbital pain 
and bilateral headaches that have been present for 7 months. 
Symptoms did not improve after intravenous antibiotics and 
steroids, suggesting that this lesion was not infectious or 
inflammatory. Her pain was so severe and relentless that she 

could not perform her daily activities. Neurologic exam was 
intact.

 Imaging

MRI showed a relatively poorly circumscribed left petrous 
apex lesion, isointense on T1, and hyperintense T2 lesion. 
Images showed a hypodense center with rim enhancement. 
There was no evidence of osteomyelitis or dural enhance-
ment, or middle ear or mastoid enhancement (Fig. 39.1). The 
left petrous apex was not pneumatized. CT showed a lesion 
in the left petrous apex, with no destruction of surrounding 
bone. PET-CT showed no increased uptake in the left petrous 
apex lesion (Fig. 39.2).
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Fig. 39.1 Preoperative MRI, axial

Fig. 39.2 Preoperative MRI, coronal

 Approach

A middle cranial fossa approach was planned. This mostly 
extradural approach is ideal to reach the bony part of the 
middle cranial fossa floor.

 Alternatives

A translabyrinthine approach would require sacrificing one- 
sided hearing in a healthy hearing individual. A retrosigmoid 
approach would not allow access to the petrous apex.

 Positioning

The patient is positioned supine, with her head turned to the 
right 30°.

 Incision

A reverse question mark incision, beginning in the preauric-
ular crease and extending above the pinna approximately 
four fingerbreadths, was outlined (Fig. 39.3).

M. van Keulen et al.
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Fig. 39.3 Positioning and incision

 Operation

A lumbar drain catheter was placed, allowing for intermittent 
release of cerebrospinal fluid (CSF) pressure to help facili-
tate temporal lobe relaxation and minimize retraction injury. 
The surgery was conducted under facial nerve monitoring 
(see Video 39.1).

 Soft Tissue Dissection

A 5 × 5-cm craniotomy with additional drilling down to the 
middle cranial fossa floor exposed the internal auditory canal 
(IAC). The temporal lobe was elevated along the middle cra-
nial fossa floor, exposing the typical landmarks.

 Craniotomy

A middle cranial fossa retractor was secured in place with the 
lip just adjacent to the petrous ridge overlying the approximate 
location of the IAC. The middle meningeal artery was cauter-
ized and closed. The trigeminal ganglion was visualized at the 
anterior aspect of the surgical field. The typical landmarks of 
the Kawase triangle were outlined with angle drills.

 Lesion Removal

In the petrous apex, using stereotactic navigation and micro-
dissection, an extradural intra bony lesion was encountered 

adjacent to the carotid artery. The roof of the petrous apex 
was removed. The lesion had the appearance of a soft benign 
neoplasm with fatty appearance. It was grossly removed 
down to the IAC inferiorly, anteriorly toward the petroclival 
junction, and laterally to the level of the internal carotid 
artery (ICA).

 Hemostasis and Closure

Fascia was laid over the middle cranial fossa floor. 
Hemostasis was achieved. Bony defect was covered with 
locally harvested fascia. The bone was replaced using tita-
nium plates and screws. The lumbar drain was removed.

 Post-op

The patient’s postoperative course was uncomplicated. CT 
of the head showed the expected postoperative changes. She 
was discharged home in stable condition on postoperative 
day 3.

 Outcome

Pathology findings are insufficient for diagnosis. The patient 
reports improvement in the tension-like headaches, but the 
left-sided retro-orbital pain remains. Neurologic exam 
remains intact.

 Pearls and Pitfalls

• Temporal lobe retraction should be minimized during the 
middle fossa approach.

• For lesions of the petrous apex, the course of the petrous 
ICA must be analyzed carefully.

 Discussion

The middle fossa approach is an excellent choice for pathol-
ogy of the bony floor of the middle cranial fossa. For this 
approach, hearing is preserved and the risk of CSF leak is 
very low.

39 Case 18: Middle Cranial Fossa Craniotomy for a Left Petrous Apex Lesion
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40Case 19: Extended Translabyrinthine 
Approach for Left-Sided Vestibular 
Schwannoma

Marte van Keulen, Sarah Mowry, 
and Nicholas C. Bambakidis

 Summary

This case illustrates a 31-year-old woman presenting with 
progressive headaches, with MRI showing a large left-sided 
vestibular schwannoma. The tumor was removed via an 
extended translabyrinthine approach.

 Case Presentation

A 31-year-old woman presented with progressive headaches 
for the past several years. Upon request, the patient reported 
some left-sided hearing loss and occasional tinnitus in both 
ears. Neurologic exam was intact.

 Imaging

Audiogram shows normal hearing and normal tympano-
grams. MRI shows an approximately 3.5-cm left-sided lesion 
of the cerebellopontine angle, with cystic degeneration of the 
center of the tumor. There is flattening of the fourth ventricle, 
with partial compression of and deviation across the midline 
of the brainstem (Fig. 40.1).
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Fig. 40.1 (Left) Preoperative MRI, axial, (Right) Preoperative MRI, coronal and sagittal
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 Approach

An extended translabyrinthine approach was selected. For 
larger tumors, additional bony exposure with division of the 
tentorium allows for greater tumor access and minimal brain 
retraction.

 Alternatives

While watchful waiting was an option, surgery was highly 
recommend based on the size of this lesion. Likewise, radio-
surgery was not recommended because of tumor size. A ret-
rosigmoid approach was a valid choice for this patient, but 
brain retraction would have been required.

 Positioning

The patient is positioned supine, with her head turned to the 
right.

 Incision

A postauricular curvilinear skin incision was made 
(Fig. 40.2).

 Operation

A large piece of temporalis fascia was harvested and set 
aside for later use. An extended mastoidectomy/occipital/
middle fossa bone flap exposed the transverse sinus, sigmoid 
sinus, retrosigmoid dura, and temporal lobe dura (see Video 
40.1).

 Mastoidectomy

On entering the antrum, the incus was removed. The hori-
zontal canal was identified, and the descending segment of 
facial nerve was identified. The retro-fascial air cells were 
drilled out. The sigmoid sinus was skeletonized to the  jugular 
bulb. The tegmen mastoideum was skeletonized and decorti-
cated as well once the otic capsule bone was isolated.

 Labyrinthectomy

The entirety of the labyrinth was removed. The internal audi-
tory canal (IAC) was identified by dissecting down along the 
posterior fossa dura to the reflection point of the porus acus-
ticus. The inferior and the superior troughs were then drilled 
out; the superior trough was very narrow, and the inferior 
trough was cleared to the jugular bulb. The inferior limit of 
the dissection was the cochlear aqueduct. Superiorly, we 
drilled down to the limit of the petrous apex. The IAC was 
isolated in 200°.

 Opening Dura

The superior vestibular nerve was identified traveling 
through the bone to the ampullated end of the superior canal. 
Posterior to this area, Bill’s bar and the labyrinthine segment 
of the facial nerve were identified. The dura of the IAC was 
opened and reflected superiorly and inferiorly. The tumor 
was then dissected away from the roof and the anterior wall 
of the IAC. The facial nerve was identified coursing from the 
labyrinthine segment along the anterior wall of the IAC. Once 
the nerve had been positively identified with the facial nerve 
stimulator, the superior vestibular nerve was removed from 
its passageway.Fig. 40.2 Incision

40 Case 19: Extended Translabyrinthine Approach for Left-Sided Vestibular Schwannoma
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Fig. 40.3 (Left) Postoperative MRI, axial, (Right) Postoperative MRI, coronal and sagittal

 Tumor Dissection

Following the skull-base approach, posterior cranial skull 
base presigmoid dura was opened widely as was the middle 
fossa dura, cutting tentorium to allow for exposure of a very 
large intradural acoustic tumor. Internal debulking of the 

acoustic tumor was completed, and the facial nerve was 
identified and preserved throughout the case. A small portion 
of the tumor was left adherent to the brainstem capsule and 
the facial nerve at the end of the procedure; however, the 
majority of the tumor was removed without complication 
(Fig. 40.3).

M. van Keulen et al.
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 Closure

Irrigation and hemostasis were applied. Temporalis muscle 
was harvested, tensor tendon in the middle ear was cut, and 
the eustachian tube and the middle ear space were packed 
with muscle. A small piece of Surgicel® and bone wax was 
also pushed into the eustachian tube orifice. The durotomy 
was repaired using DuraGen®. The previously harvested 
piece of fascia was placed over the aditus ad antrum. 
DuraSeal® was then applied to the dural repair, and a lime- 
sized piece of fat (harvested from the abdomen) was placed 
over it. Bone was replaced with titanium plates and screws.

 Post-op

No new neurologic deficits were observed. The patient was 
charged home on postoperative day 5.

 Outcome

No new deficits were noted. Audiogram remains normal.

 Pearls and Pitfalls

• Injury to surrounding structures such as the sigmoid sinus, 
jugular bulb, and the facial nerve should be carefully 
avoided.

• Adipose tissue and synthetic dural sealant application 
minimize the risk of postoperative leak of cerebrospinal 
fluid.

• When opening the tentorium to extend the translabyrin-
thine approach, the dural sinus anatomy must be carefully 
analyzed as well as the course of the vein of Labbé.

• In older patients, the dura is more adherent, which causes 
a greater risk of vessel rupture, making this exposure less 
desirable.

 Discussion

For larger tumors, additional bony exposure with division of 
the tentorium allows for greater tumor access and minimal 
brain retraction.

40 Case 19: Extended Translabyrinthine Approach for Left-Sided Vestibular Schwannoma
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41Case 20: Right-Sided Retrosigmoid 
Approach to Small Vestibular 
Schwannoma

Marte van Keulen, Sarah Mowry, 
and Nicholas C. Bambakidis

 Summary

This case illustrates a 61-year-old woman with progressive 
hearing loss, due to a growing vestibular schwannoma, 
undergoing a retrosigmoid resection.

 Case Presentation

A 61-year-old woman presented to surgery 5 years prior with 
slowly progressive hearing loss in the right ear and mild ver-
tigo, based on a small vestibular schwannoma. Her serial 
MRI showed tumor growth. Additionally, the patient reported 
increased hearing loss, which warranted treatment. An audio-
gram showed moderate right hearing loss with 72% word 
recognition (vs 96% contralateral). A planned serial MRI 
showed growth of the tumor from 11  ×  11  ×  16  mm to 
14 × 12 × 19 in 3 months (Figs. 41.1 and 41.2).
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Fig. 41.1 (Left) Preoperative MRI, axial, (Center) Preoperative MRI, coronal and (Right) sagittal

Fig. 41.2 Incision

 Approach

A retrosigmoid craniotomy was an excellent choice for this 
small tumor but one that will require careful drilling out of the 
internal auditory canal (IAC) to reach the IAC component.

 Alternatives

A translabyrinthine approach would have been a valid choice 
for this patient, but the relatively small size and therefore the 
accessibility to the IAC component via the retrosigmoid 
approach (with loss of hearing and increased length of sur-
gery) made the retrosigmoid approach a wiser choice. A 
middle cranial fossa approach would have presented difficul-
ties accessing the cerebellopontine angle component of the 
tumor. Given the size of the tumor, radiation could have been 
an option. However, because of the sudden growth and mild 
vertigo symptoms, which are better treated with surgery, we 
opted for surgery.

 Positioning

The patient was positioned supine, with her head turned to 
the left.

M. van Keulen et al.
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Fig. 41.3 (Left) Postoperative MRI, axial, (Center) Postoperative MRI, coronal and (Right) sagittal

 Incision

A right-sided posterior retromastoid skin incision was made 
(Fig. 41.3).

 Operation

A lumbar drain catheter was placed, allowing intermittent 
drainage throughout the procedure, followed by a retrosig-
moid craniectomy and skeletonizing of the sigmoid sinus; a 
partial mastoidectomy, carefully waxing the mastoid air 
cells; and intradural drilling of the IAC. Despite continuity 
of the cochlear nerve, auditory brain wave responses were 
lost during the procedure. However, the facial nerve was 
carefully preserved using facial nerve monitor and stimulat-
ing well. The tumor was resected. Dura was loosely approxi-
mated and covered with synthetic dural graft. The bony 
defect was covered with titanium mesh (see Video 41.1).

 Post-op

The patient lost all subjective hearing in her right ear. No 
other neurological deficits were noted. She was discharged 
home on postoperative day 3.

 Outcome

The outcome is yet to be determined.

 Pearls and Pitfalls

• We always recommend intraoperative electrophysiologi-
cal monitoring for the facial nerve during this procedure 
as well as auditory evoked potentials for select cases.

• Despite careful preservation of the cochlear nerve during 
surgery, hearing preservation can be difficult for larger 
tumors likely secondary to vascular compromise of the 
nerve during microdissection.

 Discussion

This retrosigmoid approach is a good choice for smaller ves-
tibular schwannomas like this one. The approach requires a 
much shorter time, has a lower occurrence of cerebrospinal 
fluid leak, and usually preserves hearing.

41 Case 20: Right-Sided Retrosigmoid Approach to Small Vestibular Schwannoma
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42Case 21: Transotic Approach 
to Left- Sided Jugular Paraganglioma/
Glomus Tumor for Partial Debulking

Marte van Keulen, Nicholas C. Bambakidis, 
Maroun T. Semaan, and Sarah Mowry

 Summary

This case illustrates a 64-year-old woman presenting with 
hearing loss and headaches, with a left jugular glomus tumor, 
which was resected using a transotic approach.

 Case Presentation

A 64-year-old female presented with progressive left hearing 
loss and headaches and complaints of pounding headache, 
imbalance, progressive hearing loss, ear pain, and intermit-
tent facial spasms and weakness that resolve spontaneously. 
She denied dysphagia and hoarseness. MRI showed a large 
2.5 × 2.7 × 2.5 cm left petrous apex mass medial to jugular 
bulb, with paraganglioma rather than schwannoma 
(Figs.  42.1 and 42.2). A small extracranial extension was 
noted.
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Fig. 42.1 Preoperative MRI, axial

Fig. 42.2 Preoperative MRI, (Left) coronal and (Right) sagittal
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 Approach

A partial resection of the tumor utilizing a transotic approach, 
with adjuvant radiosurgery, was planned, given the anterior 
and inferior location of the tumor surrounding the jugular 
bulb and because the patient already had significant hearing 
loss on this side. This approach would create the biggest pos-
sible window to the tumor with the right angle.

 Alternatives

This tumor would not be reached properly by a retrosigmoid 
approach because of its anterior and inferior localization. A 
translabyrinthine approach would create a window to the 
tumor possibly too small for proper debulking. A transco-
chlear approach, almost identical to the transotic approach, 
requires a full mobilization of the facial nerve and posterior 
translocation. Facial nerve function is usually compromised 
in the transcochlear approach due to loss of blood supply of 
the geniculate when the nerve is transposed.

 Positioning

The patient was positioned supine, with her head turned to 
the right.

 Incision

A left-sided horizontal cervical neck incision for vascular 
exploration was planned (Fig. 42.3). The postauricular inci-
sion was situated approximately two finger breadths behind 
the postauricular sulcus.

Fig. 42.3 Incision

42 Case 21: Transotic Approach to Left-Sided Jugular Paraganglioma/Glomus Tumor for Partial Debulking
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 Operation

A left-sided horizontal cervical neck incision was made. 
With dissection, the common carotid artery was identified 
medial to the sternocleidomastoid muscle. The artery was 
then isolated with vessel loops for proximal vascular control 
of the patient’s skull-base tumor. The common carotid artery 
was isolated with vessel loops for proximal vascular control 
of the patient’s skull-base tumor. The external auditory canal 
was transected at the bony cartilaginous junction circumfer-
entially at 360°. Then the skin was elevated off the underly-
ing cartilage, passed through the external auditory canal, and 
closed using 4–0 silk stitches to achieve a watertight closure 
in the event there would be a cerebrospinal fluid (CSF) leak.

Next, a wide mastoidectomy was performed using a com-
bination of cutting and diamond burs. The mastoid was con-
tracted, the tegmen was low, and the sigmoid was quite 
forward. Skeletonization and decompression of the tegmen 
and sigmoid were then performed, followed by identification 
of the descending segment of the facial nerve, which was 
traced down to the stylomastoid foramen. The facial recess 
was opened, and an extended facial recess approach was per-
formed. The incudostapedial joint was separated, the incus 
was removed, and the tensor tympani tendon was sectioned. 
The ear canal skin including the tympanic annulus and the 
malleus were removed and discarded.

The canal wall was taken down, and bone along the hypo-
tympanic ring was removed to expose the jugular bulb. There 
was obvious tumor extending through the promontory right 
below the round window niche involving the hypotympanic 
part to the middle ear.

A labyrinthectomy was then performed, and bone was 
removed down to the level of the internal auditory canal 
(IAC). Bone was also dissected in the retrofacial air cell tract 
all the way to the jugular bulb and sigmoid sinus. Once the 
bone was removed, the tumor was seen extending in that area 
beneath the IAC.

Surgical attention then turned back to performing the trans-
cochlear approach by drilling off the cochlea. The ultrasound 
probe was used to identify the location of the internal carotid 
artery and the petrous bone. Stapes were removed, and the oval 
window that connected it to the round window niche was 
drilled. The cochlea was then removed by turning the basal turn 
followed by the middle turn and the apex. The tensor tympani 
muscle and its canal were maintained given our decision to use 
the transotic approach and avoid posterior routing of the facial 
nerve, which would have left the patient with complete facial 
paralysis. Furthermore, limited resection was the goal rather 
than complete resection. The bone was then skeletonized.

The bone around the facial canal was thinned all the way 
from the first genu to the stylomastoid foramen, and the 
bone lateral to the nerve along the lateral epitympanic 
recess was removed to better expose the entire temporal 
bone. After good exposure was acquired, bone medial to 
the nerve along the vestibule was removed to further 
improve the exposure around the nerve and facilitate tumor 
removal. Tumor was removed from around the nerve, pos-
terior to the internal carotid artery and medial to it, and 
medial to the location of the cochlea and the jugular bulb as 
well.

Limited resection was performed, and hemostasis was 
achieved. The eustachian tube mucosa was everted, and free 
muscle grafting was placed to obliterate the eustachian tube. 
Bone wax was also placed. Abdominal fat was harvested for 
grafting, trimmed into strips, and placed into the mastoid 
defect to fill it. Titanium mesh was placed outside the filled 
defect for support and to recreate the contour of the mastoid 
(see Video 42.1).

 Post-op

The postoperative course was uncomplicated, with no new 
deficits (Figs. 42.4, and 42.5).

M. van Keulen et al.
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Fig. 42.4 Postoperative MRI, axial

Fig. 42.5 Postoperative MRI, (Left) coronal and (Right) sagittal

42 Case 21: Transotic Approach to Left-Sided Jugular Paraganglioma/Glomus Tumor for Partial Debulking
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 Outcome

Pathology confirmed the diagnosis of a glomus tumor. The 
patient was scheduled to receive adjuvant gamma knife 
radiosurgery for the treatment of residual glomus jugular 
tumor. She was neurologically intact, besides the pre- existent 
loss of hearing in her left ear.

 Pearls and Pitfalls

• Special care should be taken to preserve the facial nerve 
during multiple steps in this procedure.

• For example, when the cochlea is ready to be drilled out, 
the labyrinth segment of the facial nerve is located very 
close to the upper turn of the cochlea.

• When the facial nerve is skeletonized, care should be 
taken to protect the nerve from bone dust as the cochlea is 
drilled out; covering the nerve with Gelfoam is one option.

• Prevent CSF leaks by packing the middle ear and eusta-
chian tube with fascia and by using a fat graft to obliterate 
the mastoid.

 Discussion

We recommend a multidisciplinary approach for difficult 
cases like these. In this approach, a neuro-otolaryngologist 
who is qualified for such an extensive procedure is essential. 
The transotic approach provides a bigger window into the 
cerebellopontine angle but requires sacrifice of the labyrinth 
and the cochlea; its aim is to preserve facial function. 
Despite excellent exposure, glomus tumors can be very dif-
ficult to resect due to their hypervascular nature. Subtotal 
resection followed by radiation therapy is a reasonable treat-
ment strategy.

M. van Keulen et al.
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 Anatomic Dissection Appendix

Marte van Keulen, Biji Bahuleyan, Vasu Sidagam, 
Sarah Mowry, and Nicholas C. Bambakidis

This appendix illustrates the important surgical anatomy for 
a selection of the approaches to the cerebellopontine angle 
(CPA), using cadaver dissection images. We will discuss the 
transtemporal approaches (presigmoid/retrolabyrinthine, 
translabyrinthine, transcochlear) and the middle cranial fossa 
approach.

 Translabyrinthine and Transcochlear 
Approaches

The translabyrinthine approach and the transcochlear 
approach contain similar steps early in the procedure, both 
starting with a mastoidectomy and labyrinthectomy. They 
are designed to work around the facial nerve in an attempt to 
preserve it in the resection of a vestibular tumor, most com-
monly. The transcochlear approach then diverges from the 
translabyrinthine approach by the removal of the cochlea, 
creating a more extensive view anteriorly into the CPA. By 
removal of vital auditory structures, both of these approaches 
require the sacrifice of a patient’s hearing.

 Mastoidectomy
Figure A.1 demonstrates the exposed mastoid bone, showing 
the important structures on the surface of the mastoid. Note 
MacEwan’s triangle, bordered by the mastoid tip, root of the 
zygoma, and spine of Henle. The spine of Henle roughly 
overlies the mastoid antrum where the semicircular canals 
and facial nerve are located.

Mastoidectomy starts off with drilling of the mastoid cor-
tex, exposing the mastoid air cells (Fig. A.2).

The mastoidectomy exposes vital structures residing in 
the mastoid bone, such as the sigmoid sinus, (part of) the 
facial nerve, and the labyrinth (Fig. A.3).

Fig. A.1 Lateral surface of the right mastoid bone and adjacent areas 
showing important structures pertaining to transtemporal approaches. 
La = lamdoid; A = asterion; PM = parietomastoid suture; OM = occipi-
tomastoid suture; EAC = external auditory canal; TL = temporal line; 
MT = mastoid tip; SP = styloid process, Z = zygoma; Arrow = spine of 
Henle
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 Translabyrinthine Approach

After the mastoidectomy, the translabyrinthine approach 
proceeds with a labyrinthectomy.

 Labyrinthectomy
The labyrinthectomy starts with drilling out the three semi-
circular canals (Figs. A.4 and A.5) and then opening and 
removing the lateral, posterior, and superior canals. The 
ampullated end of the superior canal can be used as a land-

Fig. A.2 Right mastoid after drilling the mastoid cortex. La lamdoid, A 
asterion, PM parietomastoid suture, OM occipitomastoid suture, EAC 
external auditory canal, TL temporal line, MT mastoid tip, MAC mas-
toid air cells, Z zygoma

Fig. A.3 Right mastoid after simple mastoidectomy showing ventral 
surface of the dissection cavity. MCF = middle cranial fossa floor, I = 
incus; S = superior semicircular canal; L = lateral semicircular canal; P 
= posterior semicircular canal; SS = sigmoid sinus; SDA = sinodural 
angle; 7 = facial nerve; DR = digastric ridge; Target sign = posterior 
wall of external auditory canal; Asterisk = external auditory canal; 
Empty arrow = middle ear cavity; Arrow head = facial recess

Fig. A.4 Right mastoid after simple mastoidectomy showing a view of 
the semicircular canals with drilling of the lateral semicircular canal. I 
= incus; MCF = middle cranial fossa floor; S = superior semicircular 
canal; L = lateral semicircular canal; P = posterior semicircular canal; 
SS = sigmoid sinus; PSD = presigmoid dura; 7 = facial nerve; DR = 
digastric ridge; MB = marrowbone deep to retrofacial air cells; Empty 
arrow = bone over second genu of facial nerve; Target sign = bony 
external auditory canal

Fig. A.5 Right mastoid after simple mastoidectomy showing a view of 
the semicircular canals with drilling all semicircular canals. MCF = 
middle cranial fossa floor; S = superior semicircular canal; SS = sig-
moid sinus; 7 = facial nerve; G = genu of facial nerve; DR = digastric 
ridge; RFA = retrofacial air cells; Empty arrow = bone over the seventh 
nerve; Target sign = bony external auditory canal; Moon = ampullated 
end of the superior canal
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mark for the labyrinthine segment of the facial nerve (Fig. 
A.5).

The next step in the translabyrinthine approach is expos-
ing the internal auditory canal (IAC) and the facial nerve tra-
jectory by drilling inferior and superior troughs (Figs. A.6 
and A.7).

The dura is then opened along the IAC, presenting an 
unhindered view of cranial nerves 7 and 8 (Fig. A.8).

 Transotic and Transcochlear Approach

After performing a mastoidectomy, labyrinthectomy, and 
skeletonizing the facial nerve (Fig. A.9), the transcochlear 
approach proceeds to remove the cochlea for a more exten-
sive view into the CPA. This approach is similar to the trans-
otic approach. The transcochlear approach requires a full 
mobilization of the facial nerve and posterior translocation. 
The transotic approach leaves the facial nerve in situ medi-
ally, and only the descending facial nerve is translocated 
anteriorly. Both procedures aim to preserve the facial nerve, 
but function is usually compromised in the transcochlear 
approach due to loss of blood supply of the geniculate when 
the nerve is transposed posteriorly (Fig. A.10).

The procedure then proceeds to fully skeletonize the 
facial nerve, exposing the labyrinthine segment, geniculate 
ganglion, and tympanic segment of the facial nerve (Fig. 
A.11).

Note the proximity of the labyrinth segment to the upper 
turn of the cochlea (Fig. A.12). The cochlea is then fully 
drilled out (Fig. A.13).

After removal of the cochlea (Fig. A.14), the facial nerve 
is skeletonized out further and soon to be transposed.

Figures A.15 and A.16 show further mobilization of the 
facial nerve and the transposition thereof. From this point on, 
the procedure is considered to be transcochlear and no longer 
transotic.

The dura can now be opened, exposing the CPA medial to 
the cochlea (Fig. A.17).

Fig. A.6 Right mastoid after simple mastoidectomy and drilling of all 
semicircular canals showing a closer view of the internal acoustic 
meatus with its contents. MCF = middle cranial fossa floor; SV = supe-
rior vestibular nerve; PSD = presigmoid dura; SS = sigmoid sinus; 7 = 
facial nerve; G = genu of facial nerve; Target sign = bony external audi-
tory canal; Asterisk = external auditory canal; ST = superior trough; IT 
= inferior trough; JB = jugular bulb; Between the lines = IAC; Empty 
arrow = bone over the seventh nerve

Fig. A.7 Right mastoid after simple mastoidectomy and drilling of all 
the semicircular canals showing a view of the internal acoustic meatus 
with its contents. MCF = middle cranial fossa floor; I = incus; Star = 
superior through; SV = superior vestibular nerve; IV = inferior vestibu-
lar nerve; Empty arrowhead = horizontal crest; Black arrowhead = 
Bill’s bar; SS = sigmoid sinus; 7 = facial nerve; Black arrow = sinodural 
angle

Fig. A.8 Right mastoid after simple mastoidectomy and drilling of all 
semicircular canals showing a view of the internal acoustic meatus with 
its contents. I = incus; Star = region after removal of semicircular 
canals; SV = superior vestibular nerve; IV = inferior vestibular nerve; V 
= vestibular nerve; Empty arrowhead = horizontal crest; Black arrow-
head = Bill’s bar; 7 = facial nerve
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Fig. A.9 Right temporal bone after removal of all the semicircular 
canals and skeletonizing the facial nerve. MCF = middle cranial fossa 
floor; I = incus; SSC = region of superior semicircular canal after 
removal of the bone; Empty arrowhead = chorda tympani nerve; TM = 
tympanic membrane; PSD = presigmoid dura; SS = sigmoid sinus; 7 = 
facial nerve; Asterisk = internal auditory meatus; PSD = presigmoid 
dura; TM = tympanic membrane; DR = digastric ridge; DM = digastric 
muscle; Black arrowhead = facial nerve at stylomastoid foramen; Black 
arrow = sinodural angle

Fig. A.10 Right temporal bone, after performing mastoidectomy and 
labyrinthectomy and skeletonizing the facial nerve. The tympanic 
membrane, ossicular chain, and chorda tympani have been removed. C 
= cochlea; CP = cochleariform process; I = incus; MCF = middle cra-
nial fossa dura; 7 = facial nerve; TM = tympanic membrane; SS = sig-
moid sinus; ICA = internal carotid artery

Fig. A.11 Right temporal bone after full skeletonization of the facial 
nerve from the IAC to the stylomastoid foramen. C = cochlea; MCF = 
middle cranial fossa dura; TM = tympanic membrane; SS = sigmoid 
sinus; JB = jugular bulb; ICA = internal carotid artery; 7 = facial nerve; 
1 = labyrinthine segment; 2 = geniculate ganglion; 3 = tympanic 
segment

Fig. A.12 Right temporal bone after opening the cochlear duct. MCF 
= middle cranial fossa floor; 7 = facial nerve; SS = sigmoid sinus; JB = 
jugular bulb; ICA = internal carotid artery; C = cochlea; C1 = basal turn; 
C2 = upper hole of the cochlea
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Fig. A.13 Right temporal bone, with the cochlea removed, exposing 
the anterior petrous apex prior to opening the dura and transposition of 
the facial nerve. MCF = middle cranial fossa floor; 7 = facial nerve; TM 
= tympanic membrane; SS = sigmoid sinus; JB = jugular bulb; ICA = 
internal carotid artery; APA = anterior petrous apex

Fig. A.14 Ventral view of the deep structures in the right temporal 
bone after removal of all the semicircular canals, skeletonizing the 
facial nerve and transecting the external auditory canal. TB = temporal 
bone; MCF = middle cranial fossa floor; EAC = external auditory canal 
after transection; SS = sigmoid sinus; 7 = facial nerve; G = Genu of 
facial nerve; ICA = internal carotid artery; DM = digastric muscle; 
Black arrowhead = facial nerve at stylomastoid foramen; Black arrow = 
sinodural angle

Fig. A.15 Ventral and deep view of the structures in the right temporal 
bone after transecting the external auditory canal. TB = temporal bone; 
MCF = middle cranial fossa floor; EAC = external auditory canal after 
transection; SS = sigmoid sinus 7 = facial nerve; G = Genu of facial 
nerve; 8 = vestibulocochlear nerve; ICA = internal carotid artery; DM = 
digastric muscle; Black arrowhead = facial nerve at stylomastoid fora-
men; Empty arrowhead = dura over the internal auditory meatus (IAM)

Fig. A.16 Posterior view of the dissection cavity of the right temporal 
bone after translocation of the facial nerve anteriorly. MCF = middle 
cranial fossa floor; EAC = external auditory canal after transection; SS 
= sigmoid sinus; 7 = facial nerve being transpositioned anteriorly; 8 = 
vestibulocochlear nerve; ICA = internal carotid artery; DR = digastric 
ridge; DM = digastric muscle; Black arrowhead = facial nerve at stylo-
mastoid foramen; PSD = Presigmoid dura; Black arrow = sinodural 
angle
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Fig. A.17 A view of the operative field of the right temporal bone after 
opening and retracting the dura in the presigmoid and adjacent areas, 
exposing the contents of the posterior fossa. TB = temporal bone; MCF 
= middle cranial fossa floor; EAC = external auditory canal after tran-
section; SS = sigmoid sinus; 7 = facial nerve; 8 = vestibulocochlear 
nerve; ICA = internal carotid artery; DM = digastric muscle; Cer = cer-
ebellum; Bs = brain stem; Black arrowhead = facial nerve at stylomas-
toid foramen; G = genu of seventh nerve; Black arrow = sinodural angle

Fig. A.18 Right mastoid after simple mastoidectomy, showing poste-
rior surface of the dissection cavity after drilling of the bone over the 
presigmoid area and over the retrofacial air cells. MCF = middle cranial 
fossa floor, I = incus; L = lateral semicircular canal; P = posterior semi-
circular canal; SS = sigmoid sinus; DR = digastric ridge; Target sign = 
posterior wall of external auditory canal; Asterisk = external auditory 
canal; PSD = presigmoid dura

Fig. A.19 Right mastoid showing posterior surface of the dissection 
cavity after drilling of the bone over the presigmoid area and over the 
retrofacial air cells, showing the endolymphatic sac. MCF = middle 
cranial fossa floor; S = superior semicircular canal; I = incus; L = lateral 
semicircular canal; P = posterior semicircular canal; SS = sigmoid 
sinus; PSD = presigmoid dura; 7 = facial nerve; DR = digastric ridge; 
ELS = endolymphatic sac

 Presigmoid/Retrolabyrinthine Approach

After a previously described mastoidectomy, the presigmoid 
approach proceeds with removal of the more posterior tem-
poral bone. Bone posterior to the labyrinth is removed by 
drilling over the presigmoid area and retrofacial air cells 
until the presigmoid dura is completely exposed (Fig. A.18).

After the dura is incised, the endolymphatic sac is identi-
fied and included in the dural flap to preserve endolymphatic 
flow (Fig. A.19). Dural opening reveals the cerebellopontine 
cistern with its contents (Fig. A.20), creating a limited view 
of the 7–8 cranial nerve complex (Fig. A.21).
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Fig. A.20 Right mastoid after simple mastoidectomy, exposure of the 
presigmoid area, and dural reflection ventrally to expose the cerebello-
pontine cistern with its contents after retraction of the cerebellum. MCF 
= middle cranial fossa floor; S = superior semicircular canal; L = lateral 
semicircular canal; P = posterior semicircular canal; SS = sigmoid 
sinus; PSD = presigmoid dura; DR = digastric ridge; MB = marrow 
bone deep to retrofacial air cells; Target sign = bony external auditory 
canal; Asterisk = external auditory canal; 7–8 = facial and vestibuloco-
chlear nerve complex in the CPA seen after retraction of the 
cerebellum

Fig. A.21 Right mastoid after simple mastoidectomy and reflection of 
the presigmoid dura ventrally, showing a close view of the contents of 
the cerebellopontine cistern after retraction of the cerebellum. 7–8 = 
facial and vestibulocochlear nerve complex seen after retraction of cer-
ebellum; Empty arrow = anterior inferior cerebellar artery

 Middle Cranial Fossa Approach

The middle cranial fossa approach provides a more lateral 
and superior trajectory of the CPA and the IAC. It does not 
provide a full view of the medial and inferior CPA. It does 
provide an early encounter of the facial nerve and an oppor-
tunity to spare hearing.

 Craniotomy and Extradural Dissection

The procedure starts with a temporal bone craniotomy, fol-
lowed with extradural dissection between the temporal bone 
and dura (Fig. A.22).

Figure A.23 demonstrates the placement of the MF retrac-
tor and the GSPN. The bone of the meatal plane (asterisk) is 
then removed over the superior IAC, and troughs are drilled 
on either side of the IAC from the porus laterally.

Care must be taken laterally; the distal IAC, the membra-
nous labyrinth, and the cochlea are immediately adjacent to 
the IAC and are easily violated (Fig. A.24).

The dura over the superior aspect of the IAM is seen, 
opened from its medial to lateral end. The dura posterior to 
MMA is also opened.

Fig. A.22 Extradural dissection of left temporal bone from lateral to 
medial, showing the initial important neurovascular structures encoun-
tered. White arrowhead = region of external auditory meatus; TB = tem-
poral bone; TM = temporalis muscle; Empty arrowhead = GSPN; P = 
petrous temporal bone; White star = mastoid air cells; FS = foramen 
spinosum; MMA = middle meningeal artery; D = dura; FO = foramen 
ovale; MCF = middle cranial fossa floor
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Fig. A.25 Superior view of left temporal bone. TB = temporal bone; 
GSPN = greater superficial petrosal nerve; MMA = middle meningeal 
artery; MCF = middle cranial fossa floor; P = petrous temporal bone; 
SSC = exposed superior semicircular canal after drilling the arcuate 
eminence; 7 = facial nerve in internal auditory meatus; Black arrow = 
ventral dura of IAM after its superior aspect is excised; Empty arrow = 
cochlear nerve; 7 = facial nerve; Empty arrow = cochlear nerve; Co = 
cochlea; Empty arrowhead = inferior vestibular nerve; Black arrow-
heads = ends of the superior vestibular nerve after its excision at its 
lateral end; ICA = internal carotid artery; Star = Gasserian ganglion; X 
= looking through Kawase triangle into the anterior CPA angle

Fig. A.23 Extradural dissection of the left temporal bone from lateral 
to medial. TM = temporalis muscle; MMA = middle meningeal artery 
after transection; D = dura; Dark arrow = Petrous ridge; Between grey 
lines = GSPN

Fig. A.24 Superior view of left temporal bone over the IAM and after 
removal of bone at the petrous apex. White arrowhead = region of exter-
nal auditory meatus; TB = temporal bone; GSPN = greater superficial 
petrosal nerve; MMA = middle meningeal artery; MCF = middle cra-
nial fossa floor; White asterisk = mastoid air cell; P = petrous temporal 
bone; SSC = exposed superior semicircular canal after drilling the arcu-
ate eminence; IAM = internal auditory meatus; 7 = facial nerve in inter-
nal auditory meatus; Black arrow = cochlear nerve in internal auditory 
meatus; Co = cochlea; Star = geniculate ganglion

 Anterior Petrosectomy (Kawase Approach)

The approach then proceeds to the medial end of the petrous 
ridge after dissection of the middle meningeal artery near the 
foramen spinosum (Fig. A.25), remaining extradural. The 
anterior petrosectomy is performed in order to provide access 
to the pre-pontine cistern and anterior CPA and involves 
removing the bone at the petrous apex. The bone posterior to 
the horizontal portion of the petrous carotid, lateral to the 
Gasserian ganglion and anterior to the IAC, is removed to 
expose the dura of the posterior fossa anterior to the porus 
acusticus.

The superior vestibular nerve is excised at its lateral end 
to expose the inferior vestibular nerve.
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