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Abstract Management options of vestibular schwanno-

mas continue to evolve as surgical, radiation, and radio-

logic imaging techniques and technology change and

improve over time. Currently, three options for these

tumors exist and include primary surgical extirpation, ste-

reotactic radiation, and observation with serial imaging.

Skull base surgeons are charged with providing the patient

with a comprehensive discussion of each option based on

the inherit risks and benefits of each option to craft a

management plan based on numerous factors that include

age, tumor location, and size, hearing level at presentation

and any medical comorbidities that may influence func-

tional outcomes and quality of life. The purpose of this

article was to review the surgical and non-surgical

approaches to tumor management highlighting the risks

and benefits and ongoing controversies between modalities

regarding optimal functional outcomes. A particular

emphasis is placed on hearing preservation and facial nerve

function after treatment.

Keywords Middle cranial fossa approach � Observation �
Radiosurgery � Retrosigmoid approach � Translabyrinthine

approach � Vestibular schwannoma

Introduction

Vestibular schwannomas (VS, aka, acoustic neuromas) are

benign neoplasms that arise from Schwann cells. They

comprise more than 80 % of all tumors within the cere-

bellopontine angle (CPA). Recent advances in skull base

surgical technique and radio-surgical options as well as

sophisticated imaging modalities have yielded improved

cranial nerve function, quality of life, and decreased mor-

bidity and mortality. Despite the advancements, consider-

able controversy persists between surgical and non-surgical

approaches in terms of optimal VS treatment and outcome.

Cranial base surgeons are faced with selecting options

including microsurgical extirpation, stereotactic radiosur-

gery, and watchful waiting/observation as primary treat-

ment modalities. Factors including audiometric status,

tumor location, and size as well as medical co-morbidities

and patient age are important selection criteria that influ-

ence the therapeutic modality and the risk of cranial base/

intra-cranial surgery, functional preservation, and long-

term quality of life. The purpose of this review article was

to compare current surgical and non-surgical (radiosurgery

and observation) approaches with a particular emphasis on

indications and therapeutic outcome.

Surgical Options

Surgical Approaches

Three surgical approaches [middle cranial fossa (MCF),

retro-sigmoid/sub-occipital (RS), or translabyrinthine

(TL)] to the lateral cranial base/temporal bone are

employed for VS extirpation. Each approach is individually

selected based on criteria that include tumor size, location,

This article is part of the Topical Collection on Ear Surgery.

G. J. Basura (&) � C. Budenz � H. A. Arts

Division of Otology/Neurotology-Skull Base Surgery,

Department of Otolaryngology/Head and Neck Surgery, The

University of Michigan, 1500 East Medical Center Drive,

Taubman Center-1904, Ann Arbor, MI 48109, USA

e-mail: gbasura@med.umich.edu; gbasura@umich.edu

C. Budenz

e-mail: cbudenz@gmail.com

H. A. Arts

e-mail: Aarts@med.umich.edu

123

Curr Surg Rep (2015) 3:5

DOI 10.1007/s40137-015-0082-5



pre-operative hearing status, patient preference, and indi-

vidual medical co-morbidities. The MCF approach is typ-

ically reserved for small tumors confined to the medial

aspects of the internal auditory canal (IAC) with optimal

characteristics for hearing preservation [1]. The retro-

sigmoid (RS) approach is used for large CPA tumors with

or without considerable brainstem compression or for all

tumors except those isolated to the lateral IAC. The TL

approach is hearing ablative as it provides a direct route

through the inner ear to the IAC and CPA without brain

retraction. This approach provides ideal access and visu-

alization of the lateral IAC for complete tumor extirpation

and early facial nerve (FN) identification [2].

Middle Cranial Fossa Approach (MCF)

Indications/Technique

With availability of fine-cut MRI (VIII nerve or IAC proto-

col), identification of small (\1.5 cm) tumors in patients with

normal or near-normal hearing has increased. In younger,

healthy patients with serviceable hearing and a medially

positioned tumor within the IAC, a MCF approach is indicated

(Fig. 1). Demonte and Gidley [3] outlined the ideal patients

for a MCF approach and VS resection with hearing preser-

vation to include those with tumors with 1 cm or less exten-

sion into the CPA located in the medial end of the IAC with a

hearing loss no greater than 40 dB on pure tone average (PTA)

testing and a word recognition score (WRS) of at least 80 %

(AAO-HNS Class A and upper Class B hearing). They also

identified those younger than 65 years since dural elevation

becomes more difficult in older patients.

Complications/Outcomes

Any intracranial surgery that involves brain retraction has

potential surgical risks that include epidural hematoma,

brain edema, pneumocephalus, CSF leak, meningitis, sei-

zure, and wound complications/infections. Specific to MCF

surgery are temporal lobe injury (if dominant lobe could

lead to transient aphasia/dysphasia), CSF leak, hearing

loss, and FN injury. With more improved surgical tech-

nique leading to shorter operative and brain retraction time,

many complications secondary to MCF surgery are largely

limited to CSF leak, FN injury, and hearing loss.

Hearing Preservation

Hearing preservation is defined as maintenance of post-

operative hearing of at least 50 dB PTA and 50 % WRS (50/

50 rule) and encompasses classes A and B of the American

Academy of Otolaryngology-Head and Neck Surgery sys-

tem. It is generally acknowledged that for those undergoing

MCF surgery hearing preservation rates are better in tumors

arising medially in the IAC [4] with an adequate CSF cap

lateral to the tumor buffering the cochlear modiolus (Fig. 2)

and if it arises from the superior vestibular nerve (SVN)

rather than the inferior vestibular nerve (IVN). Given the

proximity of the IVN to the cochlear nerve (CN), tumor

adhesion and mechanical damage to the CN during surgery

are more likely. Opening of the IAC from above with

resultant direct visualization of tumors in the superior

compartment also make SVN tumors more amenable to

resection. Pre-operative identification of the nerve of origin

is therefore an important prognostic consideration and is

often possible with small tumors and MRI.

Using AAO criteria, Brackmann [5] reported that 59 % of

patients following MCF surgery for VS had serviceable hear-

ing with 50 % maintaining pre-operative hearing levels. Satar

[6] reported 62 % preservation of hearing following MCF

approach, while others have reported approximately 70 % of

patients retaining serviceable hearing 5–10 years after VS

resection [7, 8•, 9]. When hearing preservation rates are

compared across surgical approach, Staecker [10] reported a

57 % success rate following MCF versus 47 % in comparable

tumors removed via RS, while Noudel [11] reported 62 % for

MCF and 58 % for RS. These rates are widely reported and

Fig. 1 Tumors suitable for hearing preservation via a middle cranial

fossa (MCF) approach. Note the small tumor in the medial aspect of

the right internal auditory canal (IAC) on this coronal T1-weighted

MRI. Tumors isolated in this area of the IAC are well suited for a

MCF approach as there is no extension to the delicate cochlear

modiolar fibers in the lateral IAC. If pre-operative hearing levels are

meaningful in a younger patient who desires a hearing preservation

surgery, a MCF approach is indicated
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range from 37 to 77 % with MCF generally being superior with

hearing results that will typically remain stable over time [12].

Facial Nerve Function

One main disadvantage of the MCF approach is the proximity

of the FN within the superior fallopian canal and manipulation

of the nerve during tumor extirpation. Tumor size is therefore

deemed to be the most important prognostic factor of post-

operative FN outcome. At 1-year following MCF resection of

tumors 1.5 cm or smaller, Arriaga [13] reported that 96 % of

patients retained normal or near-normal FN function (House-

Brackmann grades I or II) with a more recent report of 94.5 %

retaining HB I–II following MCF resection of tumors smaller

than 1 cm [14]. Other groups have reported similar findings

with smaller IAC tumors [6].

Retrosigmoid Approach (RS)

Indications/Technique

Of the noted surgical approaches to the CPA/IAC, the RS

or sub-occipital approach is the most commonly utilized

and provides wide visualization of the CPA [15]. As such,

it can be employed for small to medium-sized tumors that

have minimal extension within the IAC (Fig. 3) with the

goal of hearing preservation (same AAO selection criteria

as outlined for MCF approach above) and for large tumors,

to alleviate brainstem and neurovascular compression. It is

ideally utilized as a hearing sparing technique and provides

ideal exposure of the brainstem and cranial nerves IV

through XII.

Complications/Outcomes

Like the MCF approach, the RS also involves brain

retraction and may therefore be fraught with similar sur-

gical complications including brain (brainstem and cer-

bellar) edema, hematoma, dural venous sinus congestion,

vascular and/or lower cranial nerve injury, chronic head-

ache from intradural drilling, CSF leak, FN injury, and

hearing loss. Given the posterior approach for larger

tumors, the FN is often found on the anterior surface of the

tumor and is therefore not at immediate risk of injury as it

is in the MCF approach (Fig. 3). However, the cisternal

segment of the FN lacks a true epineurium and is therefore

prone to splaying with mass effect from larger tumors,

which may place the nerve at greater risk for stretch or

transection injury often leading to subtotal tumor resection.

Hearing Preservation

The main disadvantages of the RS approach include limited

exposure of the lateral IAC and the potential for postop-

erative headache and occipital pain syndromes. Hilman [8•]

reported improved hearing preservation rates for small

tumors with the MCF approach (59.3 % of 88 patients)

versus RS (38.5 % of 50 patients), similar to results pub-

lished over 10 years ago [10, 16, 17]. Two recent publi-

cations, however, report no significant difference between

hearing preservation between MCF and RS approaches for

small tumors [12, 18•].

Facial Nerve Function

Injury to the FN may occur during any component of VS

resection and is often secondary to drilling of the bony IAC

or following stretch or transection injury during tumor

resection. Extirpation of large tumors places the FN at

particular risk as the nerve becomes thinned as it stretches

over a large tumor capsule where visualization is com-

promised (Fig. 3). The FN is most vulnerable at the

interface between the cisternal and meatal segments. An

extensive review of the literature reports favorable out-

comes for FN function following RS approach for VS

resection. Sughrue [19] reported HB I–II in 90 % of cases

Fig. 2 Differences in MRI imaging modality help to determine

surgical candidacy and surgical approach. Various weighted (T1 vs

T2) MRI images may be helpful in determining the extent of tumor

infiltration into various structures. This figure shows an axial T2-

weighted image through the IAC demonstrating the right space

occupying lesion consistent with a vestibular schwannoma from the

same tumor seen on T1-weighted images (Fig. 1). Note the utility of

seeing the CSF cap lateral to the tumor on T2 imaging that represents

an incomplete extension into the delicate cochlear modiolar fibers that

suggest space for surgical removal with the potential to spare delicate

auditory structures
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for tumors \2 cm that dropped to 67 % when the tumor

size exceeded 2 cm. These numbers compare favorably to

the authors MCF and TL approaches, where 85 and 81 %

of patients had HB I–II following surgery, respectively.

Cardoso [20] reported similar outcomes in tumors less than

3 cm where HB I–II was achieved in 90 % of cases, while

Zhao [21] reported only 50 % rates of HB I–II 1-year

following RS approach for large ([4 cm) tumors. The less

favorable FN outcomes with larger tumors highlight the

susceptibility of the cisternal segment of the nerve where a

clear epineurium is absent allowing for splaying of nerve

bundles over the tumor capsule making them particularly

vulnerable to stretch or transection during tumor resection.

Translabyrinthine Approach (TL)

Indications/Technique

The TL approach is often utilized for larger CPA/IAC tumors

when pre-operative hearing is poor or in cases where the

chance of sparing hearing during surgery would be unlikely

(Fig. 4). As with the MCF and RS approaches, there are

advantages and disadvantages. One main advantage to the TL

approach is that it provides the most direct route to the CPA

and exposes the IAC in its entirety. This is accomplished

without brain retraction, and the FN can be easily located and

unmolested due to the vast exposure of the IAC and translo-

cation if required. The TL approach therefore provides ideal

tumor exposure and a safe and reliable tissue plane between

the tumor and the FN. In addition to VS, the TL approach may

be used for other lesions of the CPA including meningiomas,

epidermoid cysts, glomus tumors, lipomas, metastatic lesions,

and choroid plexus papillomas. The main disadvantages of the

TL approach lie in the obliteration of residual hearing and

balance function for the ipsilateral ear and the need for a fat

graft repair to prevent CSF leaks post-operatively.

Complications/Outcomes

As with the MCF and RS techniques, surgical complica-

tions also exist for the TL approach. Since the TL approach

obliterates the inner ear, residual hearing and balance

function are sacrificed entirely and are therefore expected

outcomes rather than surgical complications. Due to the

lack of brain retraction required for this approach, com-

plications are largely limited to FN injury, bleeding, CSF

leak, meningitis, and wound complications/infections.

Facial Nerve Function

Given the wide exposure of the IAC and complete visualization

of the FN, most published reports have shown favorable pres-

ervation rates for FN outcome following TL surgery. One var-

iable that predicts FN success is tumor size. A review of 512

patients one-year following TL surgery where approximately

95 % of the tumor was removed, HB I–II was seen in greater

than 80 % of patients with tumors less than 2.5 cm, with HB III–

IV seen approximately 15 % of the time. In cases where the

tumor exceeds 3.5 cm, the rates of HB I–II fell to 53 % with near

complete FN paralysis seen at 17 %. These data are consistent

with other reports where larger tumors ([3 cm) resulted in HB

I–III 1-year following resection [22], while others have shown

HB I–II in 78 % of patients with similar-sized tumors 6 months

after surgery [23]. For the largest tumors ([4 cm) where a

combined trans-otic or trans-cochlear approach is required for

tumor access with anterior apical extension, FN function was

found to be intact in nearly 77 % of cases with HB I–III being

retained in 63 % of cases 1-year following surgery [2].

Non-Surgical Options

Observation

Management of VS has recently seen a transition from

complete tumor extirpation to optimization of functional

Fig. 3 Larger tumors with minimal IAC extension are ideal for a

retrosigmoid surgical approach. This T1-weighted axial image shows

the large right gadolinium-enhancing lesion consistent with vestibular

schwannoma largely confined to the cerebellopontine angle. Note the

minimal extension of the tumor within the IAC. Based on size and

minimal IAC extension, a retrosigmoid approach could be utilized to

remove the lesion while potentially sparing any residual hearing and

protecting facial nerve function
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outcomes for patients. Associated with improved ability to

diagnose smaller tumors, there is an increasing trend to

observe tumors versus surgical resection or radiation [24–

26]. The change in treatment paradigm is largely based on

the benign and slow growing nature of VS, the relative risks

to hearing, balance, and FN with treatment intervention. Of

552 tumors, 17 % of IAC lesions demonstrated growth

(defined as progression to an extrametal tumor) and 29 % of

extrametal tumors demonstrated growth ([2 mm) over a

follow-up period of 3.6 years (range 1–15 years), while

\20 % of patients ultimately required treatment [25]. Thus,

observation as a management option can be appealing in the

elderly and in those with small tumors at presentation. It is

also a viable option in those with serviceable hearing at

presentation, but whose tumor is not compatible with hear-

ing preservation surgery, either based on size or anatomical

location (Fig. 5). In patients who presented with excellent

(100 %) WRS, 69 % maintained hearing over 10 years later.

Alternatively, in those with WRS \100 % at presentation,

only 38 % maintained serviceable hearing over time [27•].

When considering observation for VS management, it is

critical to impart that hearing will likely continue to

unpredictably deteriorate in a manner not proportionate to

tumor growth [28–30]. Thus, observation may not be the

best management option in those with small tumors who

consider long-term hearing preservation a priority. Patients

should also understand that the extent of tumor growth

allowed before proceeding to treatment could impact risk

stratification in terms of FN preservation and other com-

plications associated with treatment.

As observation is increasingly chosen for VS manage-

ment, accurate measurement of tumor size and growth

becomes an issue. Most studies currently report size based

on maximal tumor diameter, diameter of the tumor parallel

to the petrous apex, or as orthogonal measurements. Each

of these methods has limitations as VS typically have an

IAC and cisternal component and are often irregular in

shape (Fig. 6). There is an increasing argument for mea-

suring and reporting tumor size based on total tumor vol-

ume [31]. Proposed methods include the Cavalieri, the

maximal diameter, the orthogonal (XYZ), and the maxi-

mum slice area methods.

Regardless of measurement strategy regular surveillance

imaging is critical. The exact timing of surveillance

imaging varies, and it is generally agreed that imaging

should be repeated more frequently (e.g., every 6 months)

initially, and once a 1–2 year period of no growth is doc-

umented, imaging may be repeated at longer intervals (e.g.,

1–2 year intervals).

Stereotactic Radiation

Radiation of VS has gained popularity [24, 32], largely

from reported success in arresting tumor growth without

long-term sequelae and improved quality of life [29, 33–

35]. Stereotactic radiation may be delivered in a single

dose, termed fractionated stereotactic radiosurgery or in

fractions, termed stereotactic radiotherapy. Tumor control

rates are similar between both modalities, and there are

conflicting reports as to whether one strategy is superior in

terms of hearing preservation [33, 36–40]. Initially, VS

were treated with higher doses (16–20 Gy) of radiation,

and most tumors were found to decrease in size. However,

higher rates of hearing loss, FN, and trigeminal nerve

neuropathies led to decreased doses for single (12–14 Gy)

or hypofractionated (18–21 Gy) treatment paradigms [41].

Indications for Stereotactic Radiation Treatment

Stereotactic radiation (STR) may be used for actively

growing small to medium VS or to treat residual or

recurrent tumors following micro-surgical resection or for

elderly or poor surgical candidates. Reports of successful

treatment of larger tumors ([2.5–3 cm) exist [42, 43], yet

are noted to have greater risks as compared to smaller

tumors [44]. Peritumoral edema, hydrocephalus, and ra-

diotoxicity to the cochlea and adjacent cranial nerves are a

Fig. 4 Tumors filling the entire IAC with poor pre-operative hearing

levels are ideal for a translabyrinthine approach. This axial T1-

weighted MRI shows a compact vestibular schwannoma within the

entire IAC with compression up to the cochlear modiolus making this

tumor not a candidate for a hearing preservation approach. Given the

bulk of the tumor being isolated to the IAC with minimal CPA

extension, the hearing ablative, translabyrinthine approach is most

ideal as it will allow for complete tumor extirpation, facial nerve

preservation, and no brain retraction
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known concern. While radiation of tumors in the NF2

population is appealing [41], STR in this population may

be associated with lower tumor control rates and higher

rates of malignant transformation [45].

Outcomes

The goal of STR of VS is arrest of tumor growth while

minimizing risk to hearing, FN, trigeminal nerve, and

adjacent brainstem. Evaluating success after STR is a

challenge due to changes in technology, treatment proto-

cols (radiation dose), and the relatively short duration of

follow-up reported and variability in how treatment success

is defined. Current studies have a mean follow-up of less

than 5 years [31, 36, 46–50], and long-term outcomes are

often based on actuarial estimates of tumor control and

hearing preservation rates [41–43, 46, 47]. There is also

significant variability in how successful tumor control or

hearing preservation is defined. For example, some studies

define successful tumor control as no growth on follow-up

imaging [35, 47, 50, 51], while others report a lack of

symptomatic growth or progression that required further

treatment [31, 42, 49]. To illustrate, Vivas [31] reported

tumor growth rates and percentage of patients that pro-

gressed to further intervention. They reported 17 % of

tumors demonstrated growth ([2 mm) and 26 % of tumors

demonstrated [20 % volume increase 1-year following

treatment (tumor control rate of 80–83 %). Only 5 %

required further intervention, and therefore a tumor control

rate of 95 % could also be reported [31].

Despite limitations, STR is an effective means of tumor

control with reported rates at 71–99 % [29, 31, 33, 35, 47,

50–53]. The variability in control rates reflects a lack of

unified parameters whereby in general improved tumor

control rates are defined as no growth on follow-up

imaging [35]. Lower tumor control rates have been asso-

ciated with larger tumors, inadequate radiation dose, and

cystic tumors [43, 52, 54; Fig. 7]. However, many studies

reporting control rates fail to clarify whether the tumor

demonstrated growth prior to STR [42, 47, 49, 51–53].

Therefore, in many studies, it is unclear if the lack of tumor

growth is a result of STR or whether the tumor naturally

was not growing.

Hearing is successfully preserved in up to 93 % of VS

patients after STR but uniformly degenerates over time to

rates as low as 23 % 10 years later [31, 33, 41, 46, 48–53,

55•, 56]. There are no absolute predictors of long-term

hearing preservation, yet many agree that level of radiation

dose to the cochlea may portend a poor prognosis. It is

impossible to avoid all radiation exposure; however, higher

doses to the cochlea are associated with poorer hearing

outcomes [46–48]. Advanced age, treatment dose[13 Gy,

transient tumor volume expansion ([20 %) following

treatment, any hearing loss at initial presentation, and lar-

ger tumors are all associated with poorer hearing outcomes

[31, 36, 43, 47, 51, 52, 55•, 56]. When evaluating outcomes

of STR, pre-treatment tumor growth rates, duration of

follow-up after treatment, and hearing levels must all be

considered [33, 37, 42, 43, 46, 47, 52, 55•, 56, 57].

Complications

Despite being a non-invasive procedure, complications

from STR may still occur. Most complications are related

to direct or indirect effects of radiation over time. Unsuc-

cessful tumor control or recurrent growth, while uncom-

mon, does occur. Persistent, sequential tumor growth, not

to be confused with pseudo-progression, following radia-

tion treatment may require either additional radiation

treatment or microsurgical excision. Surgical excision

following STR is more challenging due to changes in

tumor texture and vascularity and increased adherence/

scarring to the FN resulting in sub-total tumor extirpation

to optimize FN outcomes [58].

The FN and trigeminal nerve (up to 3 %) [29, 33, 41,

52] are most susceptible to injury with STR. The incidence

of injury has decreased secondary to lower and more

accurate radiation dosing. Nonetheless, facial paresis con-

tinues to occur (up to 4 %) [29, 41, 50], is typically tem-

porary and may improve with steroids, yet can be

permanent (1.6 %) [33, 41] and is more likely when

treating larger tumors [43] or with use of higher radiation

doses (13 Gy) [52]. Post-radiation dysfunction of the

Fig. 5 Tumor characteristics and intact hearing often warrant obser-

vation. This T1-weighted axial MRI in a younger patient reveals a

gadolinium-enhancing lesion within the right IAC that is compacted

into the cochlear modiolus (arrow). In this patient, the tumor has not

grown significantly over several months with intact, meaningful

hearing in place. This tumor based on the location is not removable

without sacrificing hearing; therefore, repeat MRI every 6–12 months

is warranted to observe for any changes that may warrant surgical

removal, while ongoing hearing evaluations are conducted to allow

the patient to enjoy intact function for as long as possible
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nervus intermedius, manifested as disturbances in taste,

salivation, or lacrimation (22–45 %), has been documented

despite normal facial nerve motor function [59].

The incidence of vestibulopathy is unpredictable fol-

lowing STR. Chung and colleagues reported balance dis-

turbance in 25 % of those following STR of large VS [42].

In 175 patients following STR, 28.6 % of patients reported

improvement in vestibular symptoms and 14.3 % reported

further impairment [57].

Hydrocephalus may occur following STR and often

occurs within the first 1–2 years following treatment.

Obstructive hydrocephalus may result from edema and

typically resolves over time and can be treated successfully

with oral steroids. Non-obstructive hydrocephalus may be

secondary to radiation-induced tumor necrosis and release

of tumor proteins into CSF that impairs resorption by

arachnoid granulations [54]. Hydrocephalus requiring a

ventricular shunt occurs in up to 7 % of cases [40, 52, 53,

59] and at higher rates with larger VS [42, 43, 60, 61].

Pseudo-progression or peritumoral edema occurs in up

to 30 % of patients following radiation [47, 50, 54, 61, 62]

and is symptomatic in 21 % [61, 63]. The incidence of

edema correlates with tumor size, and larger ([3 cm)

tumors have a 50 % rate of pseudo-progression [61]. As a

result of edema, tumors commonly are larger 1–2 years

following treatment and should not be mistaken for

unsuccessful tumor control [61]. However, there is an

associated risk of hydrocephalus and loss of serviceable

hearing even with transient edema [61]. Some tumors

(9 %) will be persistently enlarged and do not demonstrate

sequential growth and therefore are not considered treat-

ment failures [41, 62]. Mild cases of edema are often

successfully treated with oral steroids.

Serious complications following STR include radiation-

induced cerebrovascular injury, brainstem necrosis, or

tumorigenesis. Radiation-related cerebrovascular injury,

including stroke, intra-tumoral hemorrhage, or subarach-

noid hemorrhage, may occur immediately or years after

treatment [52, 54]. The incidence is unknown and may be

related to endothelial injury and changes in blood–brain

barrier and acceleration of atherosclerosis [63]. While rates

of radiation-induced malignant transformation are very

rare, there are at least 33 cases of malignant tumors fol-

lowing STR for VS [42, 45, 52, 64–69] with nearly half of

these cases occurring in NF2 patients [45, 67, 69]. The

most commonly reported form of malignancy has been

peripheral nerve sheath tumors; however, sarcomas,

malignant meningiomas, and glioblastomas have been

reported. The mean latency to detection of these malig-

nancies is just over 5 years following STR but may present

as late as 19 years after treatment [45, 66]. The prognosis is

uniformly poor [42, 45, 52, 64–69]. There have addition-

ally been rare reports of brainstem radionecrosis [40] or

fatalities as a result of direct sequelae of radiation treat-

ment, such as post-radiation hydrocephalus [31, 52].

Conclusions

Vestibular schwannomas are benign slowing growing

lesions and have numerous management options. Surgical

extirpation, stereotactic radiosurgery, and observation are

the commonly employed options with choices made based

on tumor location and size, medical comorbidities, and the

potential for hearing preservation. Each modality has risks

and benefits that must be weighed carefully when deciding

the optimal management course. There continues to be

controversy when comparing each in terms of functional

outcome and optimal quality of life. Each surgical option

should be thoroughly discussed if relevant along with

expectations and when discussing radiation therapy as a

potential treatment modality for VS patients should

understand that arrest of tumor growth, rather than eradi-

cation, is the goal of treatment. As such, STR is only

indicated in growing tumors. The patient must be informed

of and prepared to undergo post-treatment surveillance

imaging over a period of many years following STR to

ensure no further tumor growth or evidence of malignant

transformation.

Fig. 6 The size classification of VS is challenging as there typically

is an IAC and a CPA component. This T1-weighted coronal MRI

shows a left gadolinium-enhancing lesion that fills the IAC with

extension medial to the porous acousticus into the CPA. The multi-

location makes a common classification on size challenging when

measuring the tumor for changes over time on serial MRI
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