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 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.

10 Treatment Options for Acoustic Neuroma, Including Stereotactic Radiosurgery



138

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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