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Abstract

Objec� ve: To assess quality of life and clinical outcome in ves� bular schwannoma 

pa� ents a� er radiosurgery with marginal tumor doses of 12 Gy.

Study Design: Retrospec� ve study conducted in a university-based referral centre.

Pa� ents and Methods: Seventy-two consecu� ve, newly-diagnosed pa� ents with a 

solitary ves� bular schwannoma underwent linear accelerator-based radiosurgery 

between 2001 and 2007, all with marginal tumor doses of 1 x 12 Gy prescribed to the 

80% isodose-line. A total of 66 pa� ents were included in the study and 64 pa� ents 

(97%) � lled out the SF-36. The SF-36 scores of the pa� ents were compared with SF-

36 scores of healthy controls. Local tumor control and symptoms were also studied. 

The median follow up between treatment and quality of life assessment measured 

34 months (mean, 35 mo; range, 3-78 mo). The median imaging follow-up was 31 

months (mean, 34 mo; range, 4-64 mo). 

Main outcome measures: Quality of life and clinical results.

Results: The median tumor diameter was 17 mm (mean, 17 mm; range, 4-28 mm). 

The clinical tumor control rate was 100% a� er a median follow-up of 31 months 

(mean, 34 mo; range, 4-64 mo). The imaging control rate was 98%. None of the 

pa� ents had serviceable hearing before the radiosurgery. Dizziness and � nnitus were 

present in 45 (70%) and 46 (72%) pa� ents before treatment, respec� vely. None of 

the pa� ents developed dizziness or � nnitus a� er treatment, but dizziness worsened 

in 2 (3%) and � nnitus in 3 (5%) pa� ents. Facial nerve and trigeminal symptoms 

developed a� er treatment in 2 (3%) and 4 (6%) pa� ents, respec� vely. In one pa� ent 

(2%) hydrocephalus occurred. The SF-36 scores for social func� oning and general 

health were sta� s� cally signi� cantly lower when compared to healthy controls (p = 

0.01 and p = 0.001, respec� vely). There was no signi� cant correla� on of the SF-36 

scores and tumor size, dizziness, facial or trigeminal nerve symptoms or co-morbidity. 

Tinnitus inversely correlated with physical-role func� oning (p = 0.01). 

Conclusion: Ves� bular schwannoma pa� ents experience impaired quality of life a� er 

radiosurgery when compared to healthy controls. However, radiosurgical treatment 

for ves� bular schwannoma o� ers good tumor control and favorable clinical outcome 

similar to earlier reports. There is no signi� cant correla� on between quality of life 

outcome and disease-related symptoms, tumor size or comorbidity.
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Introduc� on

Over the past decades, radiosurgery has become a well-established treatment for 

ves� bular schwannoma (VS) (1-7). The two main goals of treatment are long term 

tumor control and preserva� on of quality of life (QoL), including neurological 

func� ons. Recent studies have reported long term clinical tumor control rates 

up to 97-99% with low marginal doses (12-14 Gy) (3-5). Despite these advances, 

radiosurgical treatment of ves� bular schwannoma may induce or worsen complaints 

such as hearing loss, � nnitus, facial nerve dysfunc� on, facial pain and dysbalance. 

Another sequelae of treatment is hydrocephalus, which may require a ventriculo-

peritoneal shunt (8,9).

In VS literature, the frequency and impact of these symptoms vary considerably, 

but an increased awareness of QoL issues has drawn more a� en� on to these 

outcomes. Most radiosurgical reports, however, mainly focus on tumor control and 

objec� ve neurological de� cit. More subjec� ve e� ects of radiosurgery on for instance 

� nnitus, dizziness or balance problems are scarcely reported (3). Especially imbalance 

and ver� go have shown to result in an impaired QoL (10,11). 

So far, li� le is known from the pa� ents’ perspec� ve of what cons� tutes a 

radiosurgical success. In order to increase knowledge of the pa� ent’s percep� on of 

radiosurgical treatment of VS, we assess QoL and clinical outcome in newly-diagnosed 

pa� ents with solitary VS a� er linear accelerator-based (LINAC) radiosurgery.

Materials and Methods

Pa� ents
Between June 2001 and December 2007, 72 consecu� ve newly-diagnosed pa� ents 

with unilateral VS underwent linear accelerator-based (LINAC), low-dose radiosurgery 

at the Erasmus University Medical Centre in Ro� erdam with marginal doses of 12 Gy. 

Retrospec� ve analysis of the clinical charts showed that of the 72 pa� ents, 6 pa� ents 

were deceased. It were all disease unrelated deaths: four pa� ents died because of 

a primary malignancy or metastasis of a malignant tumor, one pa� ent died of a 

glioblastoma and one pa� ent passed away as a result of old age. No pa� ents were lost 

to follow up. This resulted in 66 eligible pa� ents for our study. To obtain the QoL data, 

all these pa� ents received a ques� onnaire accompanied by a le� er informing them 
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of the purpose of the study and instruc� ons on how to complete the ques� onnaires. 

A total of 64 pa� ents completed and returned the ques� onnaire (97%). Two pa� ents 

were unwilling to par� cipate and did not � ll out the ques� onnaire. The pa� ent 

data were obtained from the pa� ents’ clinical charts and our VS database; they are 

summarized in Table 1. The median age of the 64 pa� ents was 65 years (mean, 66 

yr; range, 36-84 yr) when they � lled out the ques� onnaire. Thirty two pa� ents (50%) 

were male. Follow-up was de� ned by the � me interval between treatment and the 

most recent MRI scan and neurological examina� on. The median follow-up of the 64 

pa� ents was 31 months (mean, 34 mo; range, 4-64 mo).

Table 1. Pa� ent characteris� cs (n = 64).

No. of pa� ents 64

Age, yr (median, range) 66 (65, 36-84)

Male/female 32:32

Follow-up, mo 34 (31, 4-64)

Ini� al tumor size, mm 17 (17, 4-28)

Tumor characteris� cs
All tumor diameters were measured and volumes were calculated using the planning 

magne� c resonance imaging (MRI) scan. The median tumor diameter was 17 mm 

(mean, 17 mm; range, 4-28 mm) and the median tumor volume was 2.2 cm³ (mean, 

2.2 cm³; range, 0.1-11.4 cm³). 

Local tumor control was assessed in two ways. First, by imaging; radiological 

tumor control was de� ned as an increase in tumor diameter of less than 2 mm in 

any direc� on. A 2 mm di� erence seems appropriate because of the varia� on in voxel 

size and scan angle/head posi� on during MRI. Second, by � nal clinical outcome; local 

control was de� ned as freedom from surgical resec� on.

Radiosurgical treatment
Pa� ent immobiliza� on was provided by the Brown-Robert-Wells stereotac� c 

coordinate headframe from Radionics (Radionics Inc., Burlington, MA, USA). 

Stereotac� c planning computed tomography (CT) scans were performed and 

co-registered with 1-2 mm slice thickness MRIs. The XKnife™ RT so� ware from 

Radionics was used for image fusion, contouring and planning. Tumor and organs 



Quality of life and clinical outcome a� er radiosurgery for ves� bular schwannoma | 65 

at risk delinea� on was carried out on T1-weighted MRI sequences. A dose of 12 Gy 

was delivered at the 80% isodose by means of a Varian 2300 LINAC (Varian Medical 

Systems, Palo Alto, CA, USA).

Symptoms
Pretreatment and pos� reatment trigeminal nerve symptoms were de� ned as 

subjec� ve or objec� ve decrease in facial sensa� on or facial pain documented either 

by pa� ent interview or physical examina� on. Pretreatment and pos� reatment facial 

nerve symptoms were de� ned as any decrease in facial nerve func� on as documented 

by a decrease in House-Brackmann Grades (H-B Grades I-VI) (12). Guidelines of the 

AAO-HNS Commi� ee on Hearing and Equilibrium were used to classify pa� ents’ 

preopera� ve hearing status (13). Cochleoves� bular symptoms such as dizziness and 

� nnitus were also recorded together with the pa� ents’ comorbidity and neurological 

complica� ons.

Quality of life
The median follow-up between treatment and QoL assessment was 34 months 

(mean, 35 mo; range, 3-78 mo). QoL was measured using the SF-36, which is the 

most widely used generic ques� onnaire to assess QoL and has been validated and 

proven to be a reliable instrument to measure general QoL (14). It consists of 36 

items comprising 8 subscales of QoL. These subscales are 1) physical func� oning 

and 2) social func� oning, that is, the degree of limita� ons experienced in daily life 

physically and socially, respec� vely; 3) physical role limita� ons and 4) emo� onal role 

limita� ons, that is, limita� ons in work or other daily ac� vi� es due to physical and 

emo� onal problems, respec� vely; 5) mental health, the degree of depression and 

anxiety; 6) vitality, the degree of energy and exhaus� on; 7) bodily pain and 8) general 

health which quan� � es the subjec� ve evalua� on of the pa� ent’s own health status 

and pain. Higher scores indicate be� er perceived QoL. Data on pa� ents’ responses 

were scored according to the instruc� ons on scoring syntax in the SF-36 manual and 

Dutch popula� on norms are available for reference (15). 

Sta� s� cal analysis
Sta� s� cal analysis was performed using SPSS version 14.0 for Windows. The one 

sample t-test was used for comparison between SF-36 scores of the radiosurgery 

pa� ents and the healthy age matched control popula� on. The independent samples 



66 | Chapter 4

t-test was used for comparison between SF-36 scores of the radiosurgery pa� ents 

using di� erent pa� ent or tumor variables. A 95% level of signi� cance (p < 0.05) 

was used. Correla� ons between SF-36 scores and pa� ent- or tumor variables were 

analyzed using the Pearson correla� on coe�  cient. 

Results

Clinical outcome
Tumor control is presented in Table 2. None of the 64 pa� ents required a second 

treatment at a median follow-up of 31 months. The clinical tumor control rate was 

therefore 100%. In one pa� ent increase of tumor diameter (2 mm) was observed on 

the � rst post-irradia� on MRI due to tumor necrosis. A follow-up of more than 3 years 

showed no further tumor progression in this pa� ent. This resulted in an imaging-

de� ned tumor control rate of 98%. 

Table 2. Tumor control a� er radiosurgery (n = 64). 

Tumor arrest (%) 33 (52)

Tumor reduc� on (%) 30 (47)

Tumor progression (%)  1 (2)

Need for second treatment (%)  0 (0)

The clinical results are presented in Table 3. All 64 pa� ents presented with non-

serviceable hearing on the ipsilateral ear before treatment (Class C and D according 

to the AAO-HNS classi� ca� on) (13). Dizziness was present in 45 of the 64 pa� ents 

(70%) before radiosurgery. Tinnitus was ini� ally present in 46 pa� ents (72%). 

Before radiosurgery, two pa� ents (3%) had H-B Grade II paresis and � ve pa� ents 

(8%) experienced facial numbness or facial pain. As expected a� er treatment all 

the 64 pa� ents retained non-serviceable hearing (Class C and D according to the 

AAO-HNS classi� ca� on). Dizziness worsened in 2 pa� ents (3%), and remained 

unchanged in 43 pa� ents (67%). The pa� ents who did not report dizziness before 

treatment (30%) did not develop dizziness a� er treatment. Tinnitus worsened in 3 

pa� ents (5%) and remained unchanged in 43 pa� ents (67%). The pa� ents who did 
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not report � nnitus before treatment (28%) did not develop � nnitus symptoms a� er 

treatment. Two pa� ents (3%) developed facial nerve palsy H-B Grade III at 7 and 8 

months a� er treatment. Facial nerve func� on did not deteriorate a� er treatment in 

the two pa� ents with decreased facial nerve func� on prior to treatment. Trigeminal 

symptoms developed in four pa� ents (6%) at 5, 6, 11, and 12 months pos� reatment. 

There was no deteriora� on of symptoms in the � ve pa� ents with trigeminal 

symptoms before treatment. In one pa� ent trigeminal symptoms even resolved at 

24 months a� er treatment. 

Table 3. Clinical results a� er radiosurgery (n = 64). 

Pre-exis� ng 
de� cit (%)

Stable a� er 
treatment (%)

Worsened a� er 
treatment (%)

New a� er 
treatment (%)

Facial nerve  2 (3) 62 (97) - 2 (3)

Trigeminal nerve  5 (8) 60 (94)* - 4 (6)

Hydrocephalus  0 (0)  0 (0) - 1 (2)

New neoplasia - - - 0 (0)

Dizziness 45 (70) 62 (97) 2 (3) 0 (0)

Tinnitus 46 (72) 61 (95) 3 (5) 0 (0)

* in one pa� ent pre-exis� ng trigeminal symptoms improved and disappeared at 24 months a� er 
treatment.

One pa� ent (2%) developed hydrocephalus at 4 months a� er radiosurgery, 

which was treated with a ventriculo-peritoneal drain and which resolved without 

permanent sequelae. There were 7 pa� ents who su� ered from pre-exis� ng 

neurologic comorbidity: stroke (n = 5), meningioma (n = 1) and mul� ple sclerosis (n = 

1). One pa� ent was surgically and cura� vely treated for a small cell lung carcinoma, 

one pa� ent was cura� vely irradiated for a prostate carcinoma and one pa� ent was 

bound to a wheelchair due to orthopaedic problems.

Quality of life
The results of the SF-36 are presented in Table 4. The mean SF-36 scores for the 

radiosurgically treated pa� ents were lower (i.e., re� ec� ng a poorer QoL) for all 

subscales except for bodily pain and physical func� oning when compared to the 

mean SF-36 scores of the controls. The SF-36 scores for the dimensions social 

func� oning and general health were sta� s� cally signi� cantly lower when compared 
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to the controls (p = 0.01 and p = 0.001, respec� vely). The scores for bodily pain and 

physical func� oning did not signi� cantly di� er from that of the controls (p = 0.4 

and p = 0.9) (Table 4). SF-36 scores did not signi� cantly correlate with tumor size, 

dizziness, trigeminal or facial nerve func� on, other sequelae such as hydrocephalus, 

or comorbidity (all p > 0.05). Physical-role func� oning inversely correlated with 

presence of � nnitus (p = 0.01). 

Table 4. SF-36 scores a� er radiosurgery (n = 64).

Short Form-36 scales  A� er treatment Healthy controls

Mean SD Mean SD

PF 73.0 27.9 66.7 26.0

SF 74.8* 25.7 83.2 23.7

RF 60.9 44.5 69.1 42.5

RE 76.7 40.4 82.9 33.8

MH 72.5 19.6 75.9 17.3

VT 63.2 25.5 64.2 22.0

BP 77.6 28.4 74.8 28.0

GH 53.6* 11.8 60.1 23.9

SD: standard devia� on; * p < 0.05.

Discussion

This study reported on the outcome a� er radiosurgical treatment for VS from both a 

QoL and clinical perspec� ve. As many other authors, we demonstrated that a marginal 

dose of 12 Gy is su�  cient to control tumor growth of VS treated with radiosurgery. 

Our clinical tumor control rate was 100% a� er a follow-up of 31 months, which 

corresponded with earlier large series repor� ng control rates of 97-99% during a 

follow-up of 3-5.7 years (3-5). In our series, we found favorable facial and trigeminal 

outcome (97% and 94%, respec� vely), which is also in line with the results of the 

abovemen� oned studies. Hydrocephalus occurred in one pa� ent (2%) at 4 months 

post-treatment, which was treated with a ventriculo-peritoneal drain and without 

permanent sequelae. Roche et al. recently reported that newly developed post-
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radiosurgery hydrocephalus is generally of low incidence (1%) and that radiosurgery 

does not decompensate the majority of preexis� ng radiological hydrocephalus (8). 

Dizziness and � nnitus were present in most of our pa� ents before treatment, 

which was in line with other rates varying between 40-60% and 63-75%, respec� vely 

(16). A� er treatment dizziness and � nnitus worsened in only a frac� on of our pa� ents, 

and there were no pa� ents repor� ng new dizziness or � nnitus. As reported earlier, 

dizziness may have serious impact on QoL (10). In this study, however, dizziness did 

not a� ect QoL outcomes. Development of � nnitus a� er VS treatment is generally 

thought to be unpredictable, but a slight overall increase has been reported. We 

found a signi� cant inverse correla� on between � nnitus and physical daily tasks. This 

outcome was somewhat surprising, because o� en pa� ents with � nnitus experience 

emo� onal disability instead of physical disability.

We observed that social func� oning and general health domains of our treated 

pa� ents were signi� cantly a� ected compared to the control sample. For the other 

6 QoL domains, no signi� cant di� erence was observed. Pa� ents with trigeminal 

symptoms did not have signi� cantly lower pain scores when compared to other 

pa� ents or the healthy control sample. The 4 pa� ents (2 post-radiosurgery) with 

H-B Grades II-III did have reduced scores on social and physical func� oning domains; 

however, this observa� on failed to reach sta� s� cal signi� cance. 

A possible explana� on for the abovemen� oned results might be that most of the 

symptoms were already present in most pa� ents even before treatment and that 

pa� ents adjusted to symptoms over � me. This phenomenon is known as response 

shi�  (17). 

It is now well recognized that microsurgical treatment may have a strong 

impact on the pa� ents’ QoL (18,19). In addi� on, stability in QoL has been reported 

following conserva� ve treatment (20,21). We are aware of 5 studies repor� ng on QoL 

following radiosurgery (Table 5). Pollock et al. � rst described func� onal outcomes 

a� er radiosurgery and microsurgery. More recently, they prospec� vely compared 

QoL outcomes between these treatment modali� es. They concluded that QoL was 

be� er a� er radiosurgery when compared to microsurgery using validated QoL 

ques� onnaires (22,23). Van Roijen et al. also inves� gated QoL for both modali� es 

and emphasized that radiosurgery was more cost-e� ec� ve than microsurgery 

(24). A recent study by Régis et al. described more favorable long term outcomes 

a� er radiosurgery regarding pos� reatment complica� ons and hospital stay using 

a custom made QoL ques� onnaire. Furthermore, they also found that most 
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microsurgically treated pa� ents experienced signi� cantly more psychobehavioral 

problems such as � redness, depression and anxiety compared to radiosurgically 

treated pa� ents. However, there was no signi� cant di� erence between treatment 

modali� es regarding � nnitus, ver� go or imbalance (25). Myrseth et al. used the SF-36 

and found that general QoL, facial nerve func� on and complica� ons rates were all 

signi� cantly in favor of radiosurgery when compared to microsurgery. However, QoL 

of both groups was reduced when compared to the healthy controls. In addi� on, 

no clear rela� onship was found between QoL and facial nerve func� on, tumor size 

or cochleo-ves� bular symptoms (26). Sandooram et al. recently inves� gated QoL 

following radiosurgery, microsurgery and conserva� ve management for ves� bular 

schwannoma using the Glasgow Bene� t Inventory (GBI). They found poorer QoL a� er 

microsurgery when compared to radiosurgery (27). From these studies it appears that 

QoL a� er radiosurgery is generally be� er when compared to microsurgery. However, 

when compared to the control popula� ons, impaired QoL s� ll exists for both the 

treatment modali� es.

We acknowledge that the retrospec� ve design is a limita� on of the study. By 

using this kind of approach, it remains unclear whether the QoL outcome is a� ected 

by either the radiosurgery or by su� ering from the tumor itself. S� ll, there is evidence 

to suggest that retrospec� ve measurement of QoL is at least as clinically relevant 

and scien� � cally sound as prospec� ve assessment (28). However, when compared to 

other published results from our center, in which QoL was measured in a sample of 

untreated VS pa� ents, our radiosurgically treated pa� ents displayed improved QoL 

(29). From this point of view, it appears that QoL was posi� vely in� uenced by the 

radiosurgery and the QoL impairment may probably be caused by su� ering from the 

disease itself. A possible explana� on might be that the radiosurgically treated VS 

pa� ents experienced their illness as being controlled without serious morbidity. In 

contrast, the untreated pa� ents did not receive treatment yet.

Another limita� on of the study might be the use of a generic ques� onnaire (SF-

36) for QoL assessment. It would have been more preferable to combine generic with 

disease-speci� c QoL measures. Un� l now no validated ques� onnaire is available for 

assessing VS-speci� c QoL. This implies that developing a VS-speci� c QoL ques� onnaire 

for this speci� c category of pa� ents is one research implica� on of our study. 
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Conclusion

Radiosurgery has become a well-established treatment op� on for VS. Previous 

studies have reported long term clinical tumor control rates up to 99% and favorable 

cranial nerve outcome with low marginal doses. Our study also shows that low dose 

radiosurgery for VS o� ered good tumor control and comparable clinical outcome. We 

found that QoL a� er treatment was impaired when compared to the age-matched 

healthy controls, which is also in line with exis� ng literature. There was no signi� cant 

correla� on between the QoL outcome and disease-related symptoms, tumor size or 

comorbidity. 
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