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Abstract This article describes various epidemiologic

trends for vestibular schwannomas over the last 40 years

and provides updated information based on recent reviews

and original work on the natural history of tumor growth

and hearing level following the diagnosis of a vestibular

schwannoma. A treatment strategy based on the natural

history of tumor growth and hearing is proposed and dis-

cussed, with attention to the latest surgical and non-surgical

developments in the field.
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Introduction

The incidence of vestibular schwannomas (VS, also called

acoustic neurinoma) has increased from less than 3 per

million/yr in the seventies to more than 20 per million/yr, as

reported in recent studies based on the largest prospective

and unbiased VS database worldwide, now exceeding 3,000

Danish patients [1, 2]. The incidence increase is supported by

findings in other countries [3, 4] and the true incidence may

prove to be even higher [2–4]. Arguably, the increase is at

least in part due to improved diagnostic methods.

A large VS may be life threatening and surgery is thus

equivocally advocated. However, several treatment modal-

ities may be chosen is case of a small or medium-sized tumor,

i.e., observation, surgery, or radiotherapy. Success of treat-

ment is usually perceived to be control of tumor growth and

preservation of a serviceable hearing level in patients pre-

senting with good hearing, with no or minimal treatment

side-effects. In order to justify invasive treatment either by

surgery or radiotherapy for these smaller tumors the outcome

should be superior to that resulting from the natural history of

the disease. Only a detailed knowledge of the natural history

of these tumors will allow a comparison with and a proper

evaluation of the outcome of any active treatment [5••, 6••].

Accordingly, this review presents a comprehensive over-

view of the recent literature on the natural history of tumor

growth pattern, as well as the spontaneous hearing outcome in

observed unilateral vestibular schwannomas. Data on recent

epidemiological trends are also presented and finally, a

treatment strategy based on the natural history is discussed.

Recent Epidemiological Trends

The incidence of diagnosed VS has increased continuously

throughout the recent decades, at least in part due to
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increased and easier access to improved diagnostic meth-

ods (MRI), as well as a reduction in the referral time for

investigation of patients with unexplained unilateral audio-

vestibular symptoms reduced patient and doctors delay. A

continued increase of patients diagnosed with VS is to be

expected for the years to come, as the true incidence of the

tumor is undoubtedly higher [2–4], as indicated by acci-

dental tumor findings and temporal bone studies. Today,

the tumors are found at an earlier stage, as demonstrated by

the decrease of the diagnostic tumor size from a mean size

of 35 mm in the late seventies to 10 mm in the period from

2003 to 2012 [1, 2, 7••, 8]. Accordingly, more and more

purely intrameatal, as well as small and medium-sized

extrameatal tumors are being diagnosed. As these are the

patients with all three current management options, this

trend emphasizes the need for, and relevance of, hard data

on the natural history of the disease. The patient age at

diagnosis has changed throughout the years as well, from a

mean of 48 years in 1976 to 57 years in 2011 [1, 7••].

Thus, more and more tumors are being found in increas-

ingly older patients, and the presenting tumor sizes are

smaller and smaller.

The Natural History of Vestibular Schwannoma

Growth

Although many original papers as well as reviews regarding

the growth pattern of VS have been published, the natural

history is still enigmatic. The overall conclusion is that the

tumor may grow in by any conceivable pattern. Tumors may

grow in a linear fashion, they may grow and then stop

growing and can grow again, they may not grow and then

grow, they may grow quickly and then only slowly or stop

growing. A small percentage of tumours will regress over

time. A tumor may show continued or periodic growth after

diagnosis— and it may even display regress. Most com-

monly, though, no change of size is seen during many years

of observation (by repeated MRI) after the diagnosis. A

number of centers have explored clinical or other predictors

of tumor growth, and although young age and relatively large

tumor size at diagnosis may constitute growth predictors, no

general agreement exists on this issue.

The reported percentages of vestibular schwannomas

exhibiting growth range widely, from 6 to 73 % [4, 7••, 8–

12]. However, larger patient series, meta-analyses and

reviews averages the occurrence of significant growth in

20–45 % after 3–5 years of observation (Fig. 1) [4, 7••, 9,

13, 14]. Annual growth rate ranges typically from 2 to

4 mm, excluding the cases with significant regression or

exceptional growth, the latter most often occurring in

cystic tumors. Tumor regression or shrinkage is reported in

4–22 % [4, 7••, 8–14, 15•].

There is a general consensus in the literature that tumors

are most likely to grow within the first few years after

diagnosis. Thus, tumor growth occurring beyond the fifth

year of observation is very rare, but is, however, still

observed [12, 16•].

Most papers on tumor growth do not distinguish

between purely intrameatal and tumors with an extrameatal

extension. The few that do, however, report that the growth

pattern of intrameatal tumors is different from the ex-

trameatal ones.

Growth of Intrameatal Tumors

Very few recent studies have investigated the tumor growth

pattern in a larger series of purely intrameatal VS. In the

largest series of 156 patients, 45 % displayed tumor growth

during a mean of about 5 years of observation [12], which

is seemingly more than the around 35 % reported by most

authors for extrameatal tumors with an equivalent follow-

up period [7••]. However, only 19 % of the intrameatal

tumors grew to extrameatal extension (Fig. 1) [12], which

from a clinical point of view may be considered the most

crucial feature. Recent works from other centers show

comparable results [17, 18••]. Sub-localization within or

tumor-induced expansion of the meatus at diagnosis does

not predict subsequent growth [12].

Growth of Extrameatal Tumors

The vast majority of published work on tumor growth is

based on extrameatal tumors. Arguably, at least some of

the extrameatal tumors may in fact have been intrameatal

before diagnosis. Nevertheless, growth occurrence seems

to be different in the extrameatal tumors (or when the

tumor has become extrameatal), as a larger percentage

exhibit growth, ranging between 29 and 54 % [4, 7••, 9, 13,

14]. Thus, it seems that the risk of further growth is higher

Fig. 1 Nelson-Aalen plot, depicting the cumulated risk of growth

with observation in intrameatal and extrameatal vestibular schwan-

nomas (n = 552). From ref. [8]
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when the tumor has an extrameatal component at diagnosis.

If growth occurs, this is likely to occur within the very first

few years after diagnosis and this temporal pattern does not

differ between purely intrameatal and extrameatal tumors

(Fig. 1) [4, 7, 8–14, 15•, 16•].

Natural History of Hearing in Patients with Vestibular

Schwannoma

At diagnosis, around 90 % of patients with a vestibular

schwannoma have an asymmetrical sensorineural hearing

loss, which makes unilateral hearing impairment the pre-

dominating symptom of VS. The hearing acuity is usually

classified according to the AAO-HNS or the Gardner

Robertson classification system, which includes the pure

tone average (PTA) and speech discrimination (SD), or the

word recognition score (WRS), which is based exclusive

on SD. Most authors consider AAO-HNS class A and B, or

Gardner Robertson grade I and II, or a WRS better than

50 % as serviceable hearing, as a hearing aid may be

applied with benefit for the patient. A SD better than 70 %

in combination with a PTA below 30 dB is considered to

be good hearing (AAO-HNS class A, Gardner Robertson

grade I).

Relating hearing to tumor size, the hearing quality at

diagnosis has changed during the latter decades. In the late

1970s, 9 % of patients had a PTA better than 30 dB at

diagnosis and 21 % had a SD [70 %, whereas this has

changed over time to 23 and 57 %, respectively, in 2010

[7••, 19]. Accordingly, whereas the tumor size is decreas-

ing, the hearing level at diagnosis is continuously

improving. Based on the recent publications [7••, 18••, 19–

21, 22•, 23], half of the patients present with good hearing

at diagnosis. After diagnosis, the hearing level will dete-

riorate faster in the tumor ear, compared with the contra-

lateral ear, at a rate of approximately 3 dB PTA/year and

5 % discrimination/year. The hearing will deteriorate faster

in patients with growing, as opposed to stable or regressing

tumors. In intrameatal tumors, subsequent hearing loss

does not depend on sub-localization within the canal or

tumor-induced canal expansion. On average, 60 % of

patients presenting with good hearing at diagnosis will

maintain a good hearing level after 5 years of observation.

Notably, patients with a normal SD at diagnosis will

maintain a good hearing level which is markedly better

than patients with only a small discrimination loss, and it is

especially noteworthy that 75 % maintains good hearing

after 10 years (Fig. 2) [19, 20]. In other words, the rate of

hearing loss is much lower for patients with normal dis-

crimination at diagnosis. This is a significant clinical

finding, as these patients are often recommended to have

hearing preservation surgery, in order to preserve their

good hearing. The reason for the good spontaneous hearing

preservation in these patients remains elusive.

Treatment Strategy

Considering that only around one-third of small to med-

ium-sized VS grows within 5 years after diagnosis and that

very few tumors grow beyond this timeframe [7••, 15•, 16•,

17], the main argument in favor of primary active treatment

(surgery or radiotherapy) is to preserve hearing function.

However, reviews on published results of hearing preser-

vation by both surgery and radiotherapy show that on

average, around 50 % of patients preserve good or ser-

viceable hearing short-term by both modalities [24••, 25].

By observation, 60 % preserve good hearing after 5 years

and if the discrimination is normal at diagnosis, as many as

75 % preserve good hearing after 10 years [7, 19, 20]. In

other words, all patients with a small or medium-sized

tumor should be offered watch and wait management pri-

marily, by repeated MRI scans. If growth occurs, active

treatment is indicated.

However, some specialized centers may have docu-

mented considerably better than average results of active

treatment, thus justifying primary active treatment. The use

of novel and improved intra-operative neuro-monitoring

equipment (see below) may also improve functional results

considerably, thus leading to primary surgery as a reason-

able option for optimal hearing preservation. In addition,

other reasons for microsurgery may exist, e.g., otherwise

intractable dizziness or physiological reasons, although

these are generally rare.

On a global scale, more and more centers are adopting

the strategy of primary observation of small and medium-

sized tumors. As growth after diagnosis occurs within the

Fig. 2 Preservation of good hearing (WRS Class I) on the tumor ear

in patients with a vestibular schwannoma during observation, in

relation to the different SD subgroups at diagnosis (n = 491). From

ref. [20]
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very first few years in almost all cases, the following

observation strategy by repeated MRI to assess tumor size

is suggested (after diagnosis): 6 months, 1, 2, 3, 4, 5 years,

and then every other year until 10 years. After 10 years,

termination may be considered, as growth after this dura-

tion is very rare, but we suggest scan every 5 years, until

25 years, in order to collect long-term data. Again, if sig-

nificant growth occurs during observation, active treatment

is recommended. Continued observation may be continued

if the tumor is still small, or in patients with significant co-

morbidity. However, the patient should be informed, that

continuing wait and scan management in the face of a

growing tumor may increase the risk of morbidity from

active treatment at a later date.

Controversies

Despite solid evidence that only around one-third of small to

medium-sized vestibular schwannomas grow after diagnosis,

the wait and scan management option may not be offered to

patients universally and in some departments, therefore, there

is a risk of the pursuance of active treatment with a con-

comitant risk of morbidity and its financial implications [5••].

In addition, a number of centers offering radiotherapy as

primary treatment are taking the natural history of the disease

into account for the success of their treatment [6••], as they do

not await documented growth before treatment. If 65–70 % of

the tumors do not grow as part of the natural course of the

disease, then 90 % tumor growth control by primary radio-

therapy is a growth control improvement of only 20–25 %. In

addition, 65–70 % of the irradiated patients are over treated

and subjected to the risks of radiation.

When reviewing the literature on the natural history of

tumor growth and hearing in patients with vestibular sch-

wannomas, as well as the literature on the tumor control and

hearing outcome of both surgery and radiotherapy, it is evi-

dent that only very little long –term data exist. A follow-up of

more than 3–5 years is only provided by very few centers and

there is thus an emergent need for hard long-term outcome

data, in order for the neuro-otologists, neuro-surgeons, and

neuro-oncologists to be able to provide the patient with evi-

dence based on the outcomes of different treatment modalities

long-term. Thus, long-term clinical research on the subject is

needed, for the patients to able to make an informed choice on

the management of their vestibular schwannoma.

Existing data on the natural history and the various treat-

ments available have primarily dealt with tumor control,

facial nerve function, and hearing. Our knowledge on dizzi-

ness, vertigo, and unsteadiness in treated and untreated VS

patients is comparably very scarce, and this is problematic, as

compromised balance seems to be more detrimental for

quality of life and vocational capabilities [26, 27•, 28•].

Future Perspectives

Gathering of long-term data on tumor growth and hearing

by observation and outcome of the various treatment

options, as well as data on quality of life and problems of

balance is likely to change the perspective on the disease

and its clinical management. In particular studies on the

effect of impaired vestibular function are few, even though

vestibular disturbance has a major impact on everyday

activities and the ability to work.

Refined principles of radiotherapy and new developments

in microsurgical techniques are likely to improve results and

reduce morbidity. More specifically, emerging novel and

improved systems for real-time intra-operative monitoring

of the function of the facial and the cochlear nerve are very

promising [29••], for improved functional preservation of

these nerves. The systems may also aid in intra-operative

decision-making, concerning the applicability of a cochlear

implant in case of an anatomically preserved cochlear nerve

with preserved electrical, but not acoustical function.

Medical treatment is now an option in the treatment of

vestibular schwannomas associated with Neurofibromato-

sis type 2 (NF2), in the form of anti-VEGF. Tumor

expression of VEGF (vascular endothelial growth factor) is

correlated positively with tumor growth and anti-VEGF

treatment has been shown to reduce tumor size and

improve hearing in some patients with NF2 [30]. Although

NF2-associated tumors usually are more aggressive, anti-

VEGF or other medical treatment is likely to present as an

option for sporadic tumor treatment in the future.

Conclusion

The natural history of vestibular schwannomas remains the

gold standard to which any active treatment outcome

should be measured. Whereas surgical treatment of large

tumors is undisputed, active treatment of small and med-

ium-sized tumors should await documented growth, as only

one-third of these tumors grow after diagnosis. However,

long-term data on tumor control, hearing acuity and espe-

cially balance function are needed, for patients observed,

operated or irradiated. Emerging novel and improved sys-

tems for real-time intra-operative monitoring of the func-

tion of the facial and the cochlear nerve are very promising,

for improved functional preservation of these nerves. These

systems may alter treatment strategies in the future, in

favor of microsurgical tumor resection.
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hearing preservation in vestibular schwannoma. Otol Neurotol.

2010;31(2):271–5.

21. Stangerup SE, Tos M, Thomsen J, Caye-Thomasen P. Hearing

outcomes of vestibular schwannoma patients managed with ‘wait

and scan’: predictive value of hearing level at diagnosis. J Lar-

yngol Otol. 2010;124(5):490–4.

22. • Sughrue ME, Kane AJ, Kaur R, Barry JJ, Rutkowski MJ, Pitts

LH, Cheung SW, Parsa AT. A prospective study of hearing

preservation in untreated vestibular schwannomas. J Neurosurg.

2011 Feb;114(2):381–5. This paper on 59 patients confirms

previous reports on larger cohorts, showing that tumor growth is

associated with a faster rate of hearing loss.

23. Sughrue ME, Yang I, Aranda D, Lobo K, Pitts LH, Cheung SW,

Parsa AT. The natural history of untreated sporadic vestibular

schwannomas: a comprehensive review of hearing outcomes.

J Neurosurg. 2010;112(1):163–7.

24. •• Yang I, Sughrue ME, Han SJ, Aranda D, Pitts LH, Cheung SW,

Parsa AT. A comprehensive analysis of hearing preservation after

radiosurgery for vestibular schwannoma: clinical article. J Neu-

rosurg. 2013;119 Suppl:851–9. This systematic literature review

shows that an overall hearing preservation rate of *51% is to be

expected 3–4 years after radiotherapy.

25. Sughrue ME, Yang I, Aranda D, Kane AJ, Parsa AT. Hearing

preservation rates after microsurgical resection of vestibular

schwannoma. J Clin Neurosci. 2010;17(9):1126–9.

26. Lloyd SK, Kasbekar AV, Baguley DM, Moffat DA. Audioves-

tibular factors influencing quality of life in patients with con-

servatively managed sporadic vestibular schwannoma. Otol

Neurotol. 2010;31(6):968–76.

27. • Breivik CN, Varughese JK, Wentzel-Larsen T, Vassbotn F,

Lund-Johansen M. Conservative management of vestibular

246 Curr Otorhinolaryngol Rep (2014) 2:242–247

123



schwannoma—a prospective cohort study: treatment, symp-

toms, and quality of life. Neurosurgery. 2012;70(5):1072–80;

discussion 1080. 192 patients were followed prospectively and

their quality of life assessed by two validated questionnaires,

showing that vertigo was found to significantly reduce quality

of life.

28. • Breivik CN, Nilsen RM, Myrseth E, Finnkirk MK, Lund-Jo-

hansen M. Working disability in Norwegian patients with ves-

tibular schwannoma: vertigo predicts future dependence. World

Neurosurg. 2013;80(6):e301–5. The prospective series of 206

Norwegian patients found that the generally overlooked vestib-

ular complaints were significant predictors for becoming

dependant of disability pension.

29. •• Oh T, Nagasawa DT, Fong BM, Trang A, Gopen Q, Parsa AT,

Yang I. Intraoperative neuromonitoring techniques in the surgical

management of acoustic neuromas. Neurosurg Focus.

2012;33(3):E6. The authors reviews and analyses the major

intra-operative neuro-monitoring techniques available for ves-

tibular schwannoma resection, demonstrating a great degree of

recent success in this regard. Although this is a recent paper, it

was not possible to include information on a brand new system

called the CPA Master, which introduces mapping and real-time

monitoring of both the cochlear and facial nerve, using specially

designed electrodes to be placed directly on the brain stem.

30. Plotkin SR, Merker VL, Halpin C, Jennings D, McKenna MJ,

Harris GJ, Barker FG 2nd. Bevacizumab for progressive vestib-

ular schwannoma in neurofibromatosis type 2: a retrospective

review of 31 patients. Otol Neurotol. 2012;33(6):1046–52.

Curr Otorhinolaryngol Rep (2014) 2:242–247 247

123


	Active Treatment is Not Indicated in the Majority of Patients Diagnosed with a Vestibular Schwannoma: A Review on the Natural History of Hearing and Tumor Growth
	Abstract
	Introduction
	Recent Epidemiological Trends
	The Natural History of Vestibular Schwannoma Growth
	Growth of Intrameatal Tumors
	Growth of Extrameatal Tumors

	Natural History of Hearing in Patients with Vestibular Schwannoma
	Treatment Strategy
	Controversies
	Future Perspectives

	Conclusion
	References


