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Vestibularisschwannome 
 
Radiochirurgie 



Radiochirurgie 

•  stereotaktisches Prinzip 

•  Einzeit 

•  hohe, ablative Dosis 

•  steiler Dosisgradient 

•  kleine Volumina 

•  Hirn + Schädelbasis 

The stereotaxic method and radiosurgery of the brain. 

Lars Leksell et al., Acta Chir. Scand. 1951; 102:316-319 



erste radiochirurgische Behandlung 
Vestibularisschwannom  
Karolinska 
1969 
 
 
erste Gamma Unit 
1972 

 

A note on the treatment of acoustic tumours.  
Leksell L: Acta Chir Scand 137:763–765, 1971  



1992 – 2011 

3050   VS-Patienten (Alter Ø 66 Jahre) 

2336   Patienten  > 3  Jahre Follow-up 
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Tumorgröße nach Koos 

17 %   52 %   27 %   4 % 
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brainstem are considered to be Grade II. The Grade II
lesions were further subdivided by size into Grades IIA
and B (Fig. 2). Grade IIA tumors did not extend more than
10 mm into the CPA, measured from the lip of the porus
acusticus, and the Grade IIB tumors extended 11 to 18 mm
into the CPA from the porus acusticus.

Fourteen patients had Grade I lesions and the remaining
101 had Grade II tumors. Patients with larger tumors
(Grade III and IV) were excluded from topographic ana-
tomical analysis. All patients underwent preoperative au-
diometric testing. A PTA of less than 50 dB and an SDS
of greater than 50% were defined as preserved hearing;
otherwise, hearing was considered to be lost. All patients
with Grade I lesions demonstrated preserved hearing pre-
operatively, whereas 87 patients (86%) with Grade II le-
sions fulfilled audiometric criteria for preserved hearing
preoperatively. Detailed intraoperative photographs were
obtained in all patients. The case records, intraoperative
photographs, and videotapes were analyzed for the fol-
lowing factors: 1) topographic anatomical relationships
of the tumor to the surrounding nerve bundles; 2) facial
nerve preservation; and 3) and hearing preservation. All
patients underwent documented examination of facial
nerve function between 12 and 18 months postoperatively. 

Operative Technique

Lesions in all patients were resected by the senior au-
thor (W. T. K.) who used standard microsurgical tech-
niques. The retromastoid approach was used while the pa-
tient was in the sitting position, as described elsewhere.30

Facial nerve and brainstem auditory evoked potential
(BAEP) monitoring were not used in any of the cases. In
all cases of purely intracanalicular tumor (Grade I), the
internal auditory canal was exposed by unroofing the pos-
terior wall of the canal with a high-speed drill. Bone re-

moval was planned in all cases based on preoperative
bone window computerized tomography scanning. Re-
moval of the posterior wall of the internal auditory canal
was not necessary in all Grade II lesions.

Results 
Tumor–Nerve Bundle Neurotopographic Relationships 

No particular topographic relationships could be deter-
mined for tumors in the Grade I category. This was most
likely secondary to the limited exposure of these small
tumors via the retrosigmoid–transmeatal approach. How-
ever, specific relationships between the tumor and nerve
bundles were observed in the case of Grade II tumors.
These neurotopographic relationships could be placed into
eight subcategories (Table 1, Figs. 3 and 4). Generally, the
tumors were observed either to indent the nerve complex
without splitting the nerve bundles (Types 1A, 1B, and
1C), or be interposed between nerve bundles of the eighth
and seventh cranial nerves (Types 2A and B). A small
group of tumors did not fall into either of these two gen-
eral categories and was classified separately (Type 3).

Hearing Preservation 

The fourteen patients presenting with Grade I lesions
qualified as having preserved hearing before and after
surgery. Therefore, the hearing preservation rate postsur-
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FIG. 1. Diagrams depicting tumor grading system developed by
the senior author. Grade I = small intracanalicular tumor. Grade
II = small tumor with protrusion into the CPA; no contact with the
brainstem. Grade III = tumor occupying the cerebellopontine cis-
tern with no brainstem displacement. Grade IV = large tumor with
brainstem and cranial nerve displacement. 

FIG. 2. Drawing showing subgroups IIA (area within solid line)
and IIB (shaded area within dotted line) of Grade II acoustic neuri-
nomas. 

TABLE 1
Topographic relationships between tumor and cranial nerves (CNs)

VII and VIII in 101 patients with Grade II acoustic neurinomas

No. of Com-
Tumor Type Patients (%) bined (%)

1A: indentation of CN VIII occipitally 28 (27)
1B: indentation of CN VIII superiorly 31 (31) 61 (60)
1C: indentation of CN VIII anteriorly 2 (2)

2A: separation between CN VIII & CN VII 16 (16)
2B: separation between vestibular sections of 15 (15)

CN VIII

3A: tumor origin from superior vestibular nerve 4 (4)
3B: tumor origin from inferior vestibular nerve 3 (3) 9 (9)
3C: tumor origin from any vestibular nerve bundle 2 (2)
total 101 (100) 101 (100)

}

}
} 31 (31)
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Ergebnisse 

    15 Gammaknife-Serien  Regis et al. 

•  Tumorkontrolle:   92 – 98 %   97,5 % 

•  Fazialis-Symptomatik:  0 – 7 %   0,5 % 

•  Hörerhalt:    57 – 79 %   63 % 



•  große Serie    386 Patienten 

•  Technologie-übergreifend  Gamma Knife und CyberKnife 

•  standardisierte Behandlung  Dosis, Institut 

•  quantitative Auswertung   Audiogramm 

Therapeutic profile of single-fraction
radiosurgery of vestibular schwannoma:
unrelated malignancy predicts tumor control

Berndt Wowra, Alexander Muacevic, Christoph Fürweger, Christian Schichor,
and Jörg-Christian Tonn

Europäisches CyberKnife Zentrum, München, Germany (B.W., A.M., C.F.); Neurochirurgische Klinik, Klinikum

der Universität München, München, Germany (C.S., J.-C.T.)

Radiosurgery has become an accepted treatment option
for vestibular schwannomas. Nevertheless, predictors of
tumor control and treatment toxicity in current radio-
surgery of vestibular schwannomas are not well under-
stood. To generate new information on predictors of
tumor control and cranial nerve toxicity of single-frac-
tion radiosurgery of vestibular schwannomas, we con-
ducted a single-institution long-term observational
study of radiosurgery for sporadic vestibular schwanno-
mas. Minimum follow-up was 3 years. Investigated as
potential predictors of tumor control and cranial nerve
toxicity were treatment technology; tumor resection pre-
ceding radiosurgery; tumor size; gender; patient age;
history of cancer, vascular disease, or metabolic
disease; tumor volume; radiosurgical prescription dose;
and isodose line. Three hundred eighty-six patients
met inclusion criteria. Treatment failure was observed
in 27 patients. History of unrelated cancer (strongest
predictor) and prescription dose significantly predicted
tumor control. The cumulative incidence of treatment
failure was 30% after 6.5 years in patients with unre-
lated malignancy and 10% after ≥15 years in patients
without such cancer (P < .02). Tumor volume was the
only predictor of trigeminal neuropathy (observed in 6
patients). No predictor of facial nerve toxicity was
found. On the House and Brackmann scale, 1 patient
had a permanent one-level drop and 7 a transient drop
of 1 to 3 levels. Serviceable hearing was preserved in
75.1%. Tumor hearing before radiosurgery, recurrence,
and prescription isodose predicted ototoxicity.
Unrelated malignancy is a strong predictor of tumor
control. Tumor recurrence predominantly predicts

ototoxicity. These findings potentially will aid future
clinical decision making in ambiguous cases.

Keywords: cyberKnife, Gamma Knife, radiosurgery,
stereotactic radiation therapy, unrelated malignancy,
vestibular schwannoma.

After an evolution of more than 3 decades, stereo-
tactic radiosurgery has become an internationally
accepted treatment option for vestibular schwan-

nomas.1–8 Radiosurgery is attractive because of its high
efficacy and low toxicity. Yet, the predictors of tumor
control and treatment toxicity have not been studied in
detail, especially in the cases of modern treatment tech-
nologies and at currently established lower radiation
doses.

With this study, we wish to generate new information
on predictors of tumor control and cranial nerve toxicity
of single-fraction radiosurgery of vestibular schwanno-
mas. Along with clinical and dosimetric factors, out-
comes obtained with 2 different treatment technologies
were investigated.

Patients and Methods

This study included patients with sporadic vestibular
schwannomas and at least 3 years of follow-up after
radiosurgery. Consecutive patients were treated
between 1995 and 2008. Radiosurgery was applied
either as primary treatment or, in the case of residual
or recurrent tumors, after surgical resection. Patients
with neurofibromatosis were excluded. Tumor volume
was limited to 15 cm3. Patients with better hearing in
the tumor-affected ear were excluded from the ototox-
icity analysis. All patients were treated with a single frac-
tion.9,10 Diagnostic findings, treatment parameters, and
follow-up data were stored prospectively in a database
(FileMaker Pro 8.0v1). Follow-up included physical
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Munich, Max-Lebsche-Platz 31, D-81377 München, Germany (berndt.

wowra@cyber-knife.net).
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1995 – 2008 

386 VS-Patienten (Alter Ø 56 Jahre) 

•  3  Jahre Follow-up 

•  67 %  Gamma Knife   33 %  CyberKnife 

•  109 Patienten nach mikrochir. Resektion 

Patienten	




Ergebnisse	


•  Fazialis-Symptomatik:  7 Pat. (1,8 %) transient  (H&B 1–3 Stufen) 
   1 Pat. permanent   (H&B 1 Stufe) 

•  Trigeminus   8 Pat. (2,1 %) transient     Tumorvolumen ! 

•  Hörerhalt   vor RS   3 Jahre   5 Jahre 
   21 dB   36 dB   38 dB 

•  funktioneller Hörerhalt:  124 Patienten (75 %) 
   Prediktoren:  bestehende Hörminderung, Rezidiv, Dosis 



Ergebnisse	


Tumorkontrolle:   93 %  (27 Patienten) 

•  Dosis    schwacher Prediktor   

•  Karzinom    starker Prediktor !   HR 3,69 

•  6 von 29 Patienten mit Karzinom-Anamnese  21 % 

•  21 von 357 Patienten ohne Karzinom-Anamnese  6 % 

    (12 Re-Bestrahlung, 15 mikrochir. Operation) 



Fazit	


Tumorkontrolle 

•  keine Effekte: Technologie, Geschlecht, Alter, Volumen   

•  Dosis-Anpassung bei Karzinom-Patienten ? 
 

Toxizität (N. fazialis, N. trigeminus) 

•  Dosis, Tumor-Volumen 
 

Hörerhalt 

•  15 bis 20 dB nach 5 Jahren 



Prospektive Vergleichsstudien 	
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INTRODUCTION

Vestibular schwannomas (acoustic neuro-
mas) are benign, slow growing tumors
that arise from the vestibular-cochlear

nerve. Patients diagnosed with vestibular
schwannomas (versus) typically present with
hearing loss, tinnitus, or dizziness. The inci-
dence of versus diagnosed between 1996 and
2001 has been estimated to be 17.4 per one mil-
lion people annually (40), and the size of newly

diagnosed versus has decreased secondary to
the widespread application of magnetic 
resonance imaging (MRI). Although observa-
tion with serial imaging is often recommended
for elderly patients with small tumors (11, 34),
younger patients in good medical condition are
typically recommended to undergo either 
surgical resection (4, 5, 12, 36), stereotactic
radiosurgery (13, 14, 17, 19, 24, 31), or fraction-
ated radiation therapy (1, 6, 7, 44). A review of
the English literature published over the past

PATIENT OUTCOMES AFTER VESTIBULAR
SCHWANNOMA MANAGEMENT:
A PROSPECTIVE COMPARISON OF MICROSURGICAL
RESECTION AND STEREOTACTIC RADIOSURGERY

OBJECTIVE: The best management for patients with small- to medium-sized vestibular
schwannomas (versus) is controversial.
METHODS: Prospective cohort study of 82 patients with unilateral, unoperated versus
less than 3 cm having surgical resection (n ! 36) or radiosurgery (n ! 46). Patients 
having resection were younger (48.2 yr versus 53.9 yr, P ! 0.03). The groups were 
similar with regard to hearing loss, associated symptoms, and tumor size. The mean
follow-up was 42 months (range, 12 to 62).
RESULTS: Normal facial movement and preservation of serviceable hearing was more
frequent in the radiosurgical group at three months (P " 0.001), 1-year (P " 0.001),
and at last follow-up (P " 0.01) compared to the surgical resection group. Patients 
having surgical resection had a significant decline in the following subscales of the
Health Status Questionnaire (HSQ) three months after surgery: physical functioning 
(P ! 0.006), role-physical (P " 0.001), energy/fatigue (P ! 0.02), and overall physical
component (P ! 0.004). Patients in the surgical resection group continued to have a
significant decline in the physical functioning (P ! 0.04) and bodily pain (P ! 0.04)
subscales at one-year, and in bodily pain (P ! 0.02) at last follow-up. The radiosurgical
group had no decline on any component of the HSQ after the procedure. The radiosur-
gical group had lower mean Dizziness Handicap Inventory scores (16.5 versus 8.4,
P ! 0.02) at last follow-up. There was no difference in tumor control (100% versus 96%,
P ! 0.50).
CONCLUSION: Early outcomes were better for versus patients having stereotactic radio-
surgery compared to surgical resection (Level 2 evidence). Unless long-term follow-up
shows frequent tumor progression at currently used radiation doses, radiosurgery should
be considered the best management strategy for the majority of versus patients.

KEY WORDS: acoustic neuroma, outcome, radiosurgery, vestibular schwannoma

Neurosurgery 58:000-000, 2006 DOI: 00-0000/00.NEU.0000000000.00000.ac www.neurosurgery-online.com
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(VSs) is controversial. Many reports
describe outcomes after treatment with

gamma knife radiosurgery (GKRS) (11, 13, 14,
22, 24, 29, 31, 42, 43, 45) or microsurgery (1, 5,

10, 19, 36–38, 41, 44), but there are only a few
comparative studies with level III evidence (18,
25, 34, 35, 46) and only 1 level II prospective
study (33). All show that facial nerve and hear-
ing outcomes are better after GKRS than micro-
surgery. In studies reporting  long- term  follow-
 up, the relapse rates do not seem to differ
significantly (8, 13, 14, 22, 25, 33).

In 2005, we published our series regarding 189
small- and  medium- sized VSs that were treated
by either microsurgery or GKRS during the 12-

ABBREVIATIONS: CPA, cerebellopontine angle;
GBI, Glasgow Benefit Inventory; GKRS, gamma
knife radiosurgery; HB,  House- Brackmann; QOL,
quality of life; SF-36,  Short- Form 36; VAS, visual
analog scale; VS, vestibular schwannoma

VESTIBULAR SCHWANNOMA: SURGERY OR
GAMMA KNIFE RADIOSURGERY? A PROSPECTIVE,
NONRANDOMIZED STUDY

OBJECTIVE: To conduct a prospective, open, nonrandomized study of  treatment- asso-
ciated morbidity in patients undergoing microsurgery or gamma knife radiosurgery
(GKRS) for vestibular schwannomas.
METHODS:  Ninety- one patients with vestibular schwannomas with a maximum tumor
diameter of 25 mm in the cerebellopontine angle were treated according to a prospec-
tive protocol either by GKRS (63 patients) or open microsurgery (28 patients) using the
suboccipital approach. Primary end points included hearing function, according to the
 Gardner- Robertson scale, and facial nerve function, according to the  House- Brackmann
scale at 2 years. Clinical data included a balance platform test, score for tinnitus and
vertigo using a visual analog scale, and working ability. Patients responded to the  quality-
 of- life questionnaires  Short- Form 36 and Glasgow Benefit Inventory.
RESULTS: Three elderly GKRS patients withdrew; all remaining patients were followed
for 2 years. Both primary end points were highly significant in favor of GKRS (P ! 0.001).
Evidence of reduced facial nerve function  (House- Brackmann grade 2 or poorer) at 2
years was found in 13 of 28 open microsurgery patients and 1 of 60 GKRS patients.
Thirteen of 28 patients who underwent surgery had serviceable hearing  (Gardner- Robertson
grade A or B) preoperatively, but none had serviceable hearing postoperatively.  Twenty-
 five of 60 GKRS patients had serviceable hearing before treatment, and 17 (68%) of them
had serviceable hearing 2 years after treatment. The tinnitus and vertigo visual analog
scale score, as well as balance platform tests, did not change significantly after treatment,
and working status did not differ between the groups at 2 years. Quality of life was sig-
nificantly better in the GKRS group at 2 years, based on the Glasgow Benefit Inventory ques-
tionnaire. One GKRS patient required operative treatment within the 2-year study period.
CONCLUSION: This is the second prospective study to demonstrate better facial nerve
and hearing outcomes from GKRS than from open surgery for small- and  medium- sized
vestibular schwannomas.

KEY WORDS: Facial nerve function, Gamma knife radiosurgery, Hearing preservation, Microsurgery, Quality
of life, Vestibular schwannoma
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year period from 1988 to 1999 (25). We found better facial nerve
and hearing outcomes for the GKRS group and better scores on
the 2  quality- of- life (QOL) questionnaires,  Short- Form 36 (SF-36)
and Glasgow Benefit Inventory (GBI), compared with scores for
patients who underwent surgery. The retreatment rates were low,
and they were similar in the 2 groups.

In 2006, Pollock et al. (33) published the first prospective
study comparing  treatment- associated morbidity in VS patients
undergoing surgery or GKRS. They found better outcomes in
the GKRS group for the primary end points, which included
facial nerve function and hearing. They also found slightly bet-
ter outcomes in the GKRS group for secondary end points such
as dizziness and QOL.

During the years 2001 to 2006, the Otoneurosurgical Group at
the Departments of Neurosurgery and Otorhinolaryngology at
Bergen University Hospital received 350 newly diagnosed VS
patients. The Otoneurosurgical Group draws patients from the
entire Norwegian population of 4.8 million and is thus the prin-
cipal Norwegian center treating such patients. We have been
using GKRS and surgery alternatively since 1988. At the end of
2001, we initiated a  single- institution, prospective, comparative
study with the purpose of investigating morbidity and QOL
associated with VS treatment by the 2 alternative methods. The
patients were followed at regular intervals until the final end
point 2 years posttreatment, when  treatment- associated com-
plaints were considered to be stabilized.

PATIENTS AND METHODS

Study Design
All patients aged 20 years and older harboring a unilateral de novo

 non- neurofibromatosis 2 VS with a maximum diameter of 25 mm or less
in the cerebellopontine angle (CPA) who were to undergo treatment
(documented tumor growth or tumors !20 mm in the CPA) were
invited to participate. The patients’ understanding of the information
provided and signature of consent form were required for inclusion
into the study. After receiving standardized information (27) about both
treatment alternatives, patients were allowed to choose between micro-
surgery and GKRS. Patients referred to us for GKRS from other neuro-
surgical centers were treated as requested. Similarly, patients with med-
ical conditions contraindicating surgery were treated by GKRS without
the option of a choice. The National Data Inspectorate and the Ethical
Committee approved the study protocol in 2000. Originally, the study
was designed as a randomized study, but it was changed as described
above because of patients’ reluctance to undergo randomization.

The primary end points were facial nerve function according to the
 House- Brackmann (HB) scale, and hearing function according to the
 Gardner- Robertson scale at 2 years. Secondary end points included
retreatment during  follow- up, QOL, symptom variables (vertigo, tinni-
tus, and unsteadiness), and professional status at 2 years. Study data
(QOL questionnaires SF-36 and GBI, visual analog scale [VAS] for ver-
tigo and tinnitus, balance function, and professional status) were col-
lected prospectively in our center at baseline and at 1 and 2 years post-
treatment. Additional clinical attendances unrelated to the study were
performed as part of the clinical routine in our institution or referring
institutions according to individual patient needs.

Balance function was evaluated by stabilometry testing as described
previously (26). The area of sway obtained during a 1-minute recording
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TABLE 1. Patient and tumor characteristics in 88 patients with
vestibular schwannoma treated by gamma knife radiosurgery or
microsurgerya

Surgery GKRS

Sex, no. (M/F) 28 (12/16) 60 (26/34)b

Mean age, y (minimum– 52.5 (26–73) 57.5 (36–79)c

maximum)

Hearing, Gardner-Robertson 13 (44.4%) 25 (42.3%)
grade A or B (%)

Normal facial function, no. 28 60

Vertigo, no. yes/no 13/15 29/31

Tinnitus, no. yes/no 24/4 49/11

Unsteadiness, no. yes/no 12/16 22/38

Mean tumor diameter 18 16
in CPA (mm)

a GKRS, gamma knife radiosurgery; CPA, cerebellopontine angle.
b P " 0.001, χ2 test.
c P " 0.06, Student’s nonpaired t test.

of the patient with eyes closed was used as an indicator of balance func-
tion. Audiometry was performed by an independent audiologist. The
HB grade was evaluated by 2 of the operating surgeons (EM,  MLJ). All
data were registered using case report forms and thereafter entered into
a Microsoft Access database, which was closed on December 18, 2007,
when the final patient had completed 2 years of  follow- up. Analysis was
done using SPSS software (Version 15; SPSS, Inc., Chicago, IL). Student’s
t test, Wilcoxon  signed- rank test, and χ2 tests were used.

Patients
 Ninety- one patients accepted inclusion. Three GKRS patients with

significant comorbidity and older age (78–81 years) withdrew from the
study before the first  follow- up examination and were excluded from
analysis. No patients died during the study period; thus, 88 patients
completed  follow- up at 2 years: 60 in the GKRS group and 28 in the
microsurgery group. One  non- Norwegian patient was excluded because
of language difficulties. The mean age in the GKRS group tended to be
higher than in the microsurgery group (P " 0.06, Student’s nonpaired t
test). The GKRS group contained a significantly higher number of
patients than the microsurgery group, because many patients, when
given the choice, decided on GKRS, and a few had medical conditions
contraindicating general anesthesia and major surgery. Baseline data
showed no difference between groups on hearing ability or complaints,
and facial nerve function was normal (HB grade 1) in all cases (Table 1).

Altogether, 88 baseline, 84 1-year, and 88 2-year clinical data sets were
available for analysis. Missing data analysis showed 6 missing or ineligi-
ble QOL questionnaires (SF-36 and GBI) at baseline, 5 at 1 year, and 5 at
2 years. One audiometry recording was missing at baseline, and 4 were
missing at 1 year. The VAS was introduced in 2003 and was completed by
46 patients at baseline, 61 at 1 year, and 80 at 2 years. Altogether, 69
patients had completed a balance platform test at baseline and at 2 years.

Surgery was performed by a team consisting of 1 or 2 neurosur-
geons (EM and  ML J) and 1 otosurgeon (PM), using suboccipital cran-
iotomy with a free bone flap that was reinserted. In 1 case of severe ver-
tigo, translabyrinthine surgery was done. Seventh but not eighth nerve
monitoring was used in every case  (NIM- Response system; Medtronic
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describe outcomes after treatment with

gamma knife radiosurgery (GKRS) (11, 13, 14,
22, 24, 29, 31, 42, 43, 45) or microsurgery (1, 5,

10, 19, 36–38, 41, 44), but there are only a few
comparative studies with level III evidence (18,
25, 34, 35, 46) and only 1 level II prospective
study (33). All show that facial nerve and hear-
ing outcomes are better after GKRS than micro-
surgery. In studies reporting  long- term  follow-
 up, the relapse rates do not seem to differ
significantly (8, 13, 14, 22, 25, 33).

In 2005, we published our series regarding 189
small- and  medium- sized VSs that were treated
by either microsurgery or GKRS during the 12-
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VESTIBULAR SCHWANNOMA: SURGERY OR
GAMMA KNIFE RADIOSURGERY? A PROSPECTIVE,
NONRANDOMIZED STUDY

OBJECTIVE: To conduct a prospective, open, nonrandomized study of  treatment- asso-
ciated morbidity in patients undergoing microsurgery or gamma knife radiosurgery
(GKRS) for vestibular schwannomas.
METHODS:  Ninety- one patients with vestibular schwannomas with a maximum tumor
diameter of 25 mm in the cerebellopontine angle were treated according to a prospec-
tive protocol either by GKRS (63 patients) or open microsurgery (28 patients) using the
suboccipital approach. Primary end points included hearing function, according to the
 Gardner- Robertson scale, and facial nerve function, according to the  House- Brackmann
scale at 2 years. Clinical data included a balance platform test, score for tinnitus and
vertigo using a visual analog scale, and working ability. Patients responded to the  quality-
 of- life questionnaires  Short- Form 36 and Glasgow Benefit Inventory.
RESULTS: Three elderly GKRS patients withdrew; all remaining patients were followed
for 2 years. Both primary end points were highly significant in favor of GKRS (P ! 0.001).
Evidence of reduced facial nerve function  (House- Brackmann grade 2 or poorer) at 2
years was found in 13 of 28 open microsurgery patients and 1 of 60 GKRS patients.
Thirteen of 28 patients who underwent surgery had serviceable hearing  (Gardner- Robertson
grade A or B) preoperatively, but none had serviceable hearing postoperatively.  Twenty-
 five of 60 GKRS patients had serviceable hearing before treatment, and 17 (68%) of them
had serviceable hearing 2 years after treatment. The tinnitus and vertigo visual analog
scale score, as well as balance platform tests, did not change significantly after treatment,
and working status did not differ between the groups at 2 years. Quality of life was sig-
nificantly better in the GKRS group at 2 years, based on the Glasgow Benefit Inventory ques-
tionnaire. One GKRS patient required operative treatment within the 2-year study period.
CONCLUSION: This is the second prospective study to demonstrate better facial nerve
and hearing outcomes from GKRS than from open surgery for small- and  medium- sized
vestibular schwannomas.
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VS kleiner 3 cm:  36 Pat. OP  vs.  46 Pat. Gamma Knife RS 

bis auf Alter (48 vs. 54 J.) gleiche Gruppen 

Ø   Follow-up 42 Monate,   minimum 12 Monate 

primäre Endpunkte: Fazialisfunktion (House-Brackmann °I)  

   Hörerhalt (Klasse A und B)  

Patient outcomes after vestibular schwannoma 
management: a prospective comparison of 
microsurgical resection and stereotactic radiosurgery. 



Follow-up 
 
Fazialis-Funktion H & B °I 

3 Mon. 12 Mon.  letztes F-U 

OP 61 % 69 % 75 % 

RS 100 % 100 % 96 % 

2 x Fazialis-Symptomatik bei RS nach OP wg. Rezidiv 

Ergebnisse: N. fazialis 



Follow-up 
 
Hörerhalt (Kl. A + B) 

3 Mon. 12 Mon.  letztes F-U 

OP 5 % 5 % 5 % 

RS 77 % 63 % 63 % 

50 % weiter Klasse A nach RS (1 Jahr F-U), 0 % nach OP 

Ergebnisse: Hörerhalt 



Ergebnisse: Lebensqualität 

Follow-up 
 
QoL SF-36 
(signifikante Änderung) 

3 Mon. 12 Mon.  letztes F-U 

OP 
körp. Funkt. 
körp. Rolle 

Vitalität 
Ges.-Körper 

körp. Funkt. 
Schmerz Schmerz 

RS keine keine keine 



Ergebnisse 

 

lokale Kontrolle  

 100 %  OP    vs.    96 %  RS  (2 Pat. nach 2 J.) 

      p= 0,5 



Schlußfolgerungen 

 

•  besseres Outcome 
für Patienten nach Radiochirurgie 

•  „trotz gewisser Rezidivrate im Langzeitverlauf sollte 
Radiochirurgie die primäre Behandlungsstrategie für die 
meisten VS-Patienten darstellen“ 



VS kleiner 2,5 cm:  28 Pat. OP  vs.  60 Pat. Gamma Knife 

gleiche Gruppen (GK etwas älter) 

Follow-up 24 Monate 

primäre Endpunkte: Hörerhalt (2 Jahre)     
   Fazialisfunktion (House-Brackmann)  

    

Vestibular Schwannoma:  
Surgery or Gamma Knife Radiosurgery ? 
A Prospective Nonrandomized Study 



Follow-up 
 
Fazialis-Funktion H & B °I 

initial 12 Mon.  24 Mon. 

OP 28 57 % 54 % 

RS 60 100 % 98 % 

1 x Fazialis-Symptomatik bei RS nach OP wg. Rezidiv 

Ergebnisse: N. fazialis 



Follow-up 
 
Hörerhalt (Kl. A + B) 

initial 12 Mon.  24 Mon. 

OP 13 0 0 

RS 25 19 17 

Ergebnisse: Hörerhalt 

kein N. VIII-Monitoring ! 



Ergebnisse 

lokale Kontrolle  

 100 %  OP  (5 subtotale Resektionen)    

  vs.     

  98 %   RS  (1 Pat. nach 2 J.) 

      



Schlußfolgerungen 

 

•  besseres Outcome 
bezüglich N. fazialis-Funktion und Hörerhalt 

•  Limitationen:  kurzes Follow-up 
   Monitoring 



Level II Evidenz für Outcome nach RS 

•  Aufklärung über Behandlungsoptionen 

•  Tumorvolumen, Dosis 

•  kombiniertes Vorgehen: 
subtotale Resektion, 
radiochirurgische Nachbehandlung bei Rest oder Rezidiv 

Fazit 



1989 – 2007  (LINAC) 

fraktionierte RT  vs.  Radiochirurgie (frame) 

179 Patienten   30 Patienten 

32 x 1,8 Gy bis 57,6 Gy  1 x 13 Gy 

(6 ½ Wochen)   (1 Tag) 
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DIFFERENCES IN CLINICAL RESULTS AFTER LINAC-BASED SINGLE-DOSE
RADIOSURGERY VERSUS FRACTIONATED STEREOTACTIC RADIOTHERAPY FOR

PATIENTS WITH VESTIBULAR SCHWANNOMAS

STEPHANIE E. COMBS, M.D., THOMAS WELZEL, M.D., DANIELA SCHULZ-ERTNER, M.D.,
PETER E. HUBER, M.D., PH.D., AND JÜRGEN DEBUS, M.D., PH.D.

Department of Radiation Oncology, University of Heidelberg, Im Neuenheimer Feld 400, 69120 Heidelberg, Germany; and Clinical
Cooperation Unit Radiation Oncology, German Cancer Research Center (DKFZ), Im Neuenheimer Feld 280, 69120 Heidelberg,

Germany

Purpose: To evaluate the outcomes of patients with vestibular schwannoma (VS) treated with fractionated stereo-
tactic radiotherapy (FSRT) vs. those treated with stereotactic radiosurgery (SRS).
Methods and Materials: This study is based on an analysis of 200 patients with 202 VSs treated with FSRT (n = 172)
or SRS (n = 30). Patients with tumor progression and/or progression of clinical symptoms were selected for treat-
ment. In 165 out of 202 VSs (82%), RT was performed as the primary treatment for VS, and for 37 VSs (18%), RT
was conducted for tumor progression after neurosurgical intervention. For patients receiving FSRT, a median total
dose of 57.6 Gy was prescribed, with a median fractionation of 5 x 1.8 Gy per week. For patients who underwent
SRS, a median single dose of 13 Gy was prescribed to the 80% isodose.
Results: FSRT and SRS were well tolerated. Median follow-up time was 75 months. Local control was not statis-
tically different for both groups. The probability of maintaining the pretreatment hearing level after SRS with
doses of #13 Gy was comparable to that of FSRT. The radiation dose for the SRS group (#13 Gy vs. >13 Gy) sig-
nificantly influenced hearing preservation rates (p = 0.03). In the group of patients treated with SRS doses of #13
Gy, cranial nerve toxicity was comparable to that of the FSRT group.
Conclusions: FSRTand SRS are both safe and effective alternatives for the treatment of VS. Local control rates are
comparable in both groups. SRS with doses of #13 Gy is a safe alternative to FSRT. While FSRT can be applied
safely for the treatment of VSs of all sizes, SRS should be reserved for smaller lesions. ! 2010 Elsevier Inc.

Acoustic neuroma, Precision radiotherapy, Local control, Hearing preservation.

INTRODUCTION

In the past, the standard treatment for patients with vestibular
schwannomas (VSs) was considered to be surgical resection.
Because VSs are benign, commonly slow-growing tumors,
treatment is indicated in cases of tumor progression or for
progressive clinical symptoms including hearing loss, dizzi-
ness, unsteadiness, and tinnitus. Besides the achievement of
high local tumor control rates, preservation of quality of
life by conservation of hearing ability and cranial nerve func-
tion is the main goal in the treatment of VS. A number of sur-
gical approaches have been established and are associated
with distinct risk profiles; the rate of treatment-related side ef-
fects depends on the surgical approach, as well as on the size
and location of the tumor (13, 26, 31).

The main advantages of high-precision stereotactic radio-
therapy for patients with VS are high local control rates asso-
ciated with only a minor risk of treatment-related side effects

such as hearing loss or impairment of trigeminal and facial
nerve functions (1, 6, 8, 9, 17, 21). Whereas in the past, micro-

surgical resection had been considered the primary treatment

of choice after diagnosis, noninvasive treatment alternatives
have been widely established over the last 20 years. Stereotac-

tic radiosurgery (SRS), as a noninvasive treatment alternative,
offers dose deposition in a single fraction, resulting in short

treatment times. SRS can be delivered using a dedicated linear

accelerator (LINAC), a Gamma-Knife, or a Cyberknife. Previ-
ous data from our institution have shown 10-year local control

rates of 91% after patients undergo SRS (8). The rate of side
effects associated with SRS strongly depends on the doses ap-

plied; studies from centers treating patients who have VS with

SRS doses of 12 and 13 Gy report excellent local control rates
and acceptable rates of treatment-related side effects (6).

With fractionated stereotactic radiotherapy (FSRT), the
radiobiological advantages of fractionation can be exploited,
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fraktionierte RT  vs.  Radiochirurgie 
 

Tumorkontrolle:  96 % nach 10 Jahren (n.s.) 

 

 

 

Out of 202 VSs, 30 VSs were treated with SRS. Treatment was
delivered using a minimally invasive head fixation device using
a stereotactic localization frame attached to the patient’s head with
four opposing metal screws which were fixed to the skull, after
the patient received mild sedation with a local anesthetic. Treatment
planning was performed with a commercial three-dimensional treat-
ment planning system (STP; Stryker-Leibinger, Freiburg, Ger-
many). The PTV was defined after a fusion of CT/MR images as
the area of contrast enhancement on T1-weighted MRI images
(gross target volume), with the addition of a 1- to 2-mm safety mar-
gin.

Radiosurgery was delivered with circular collimators or, for irreg-
ularly shaped VSs, with a multileaf collimator (leaf width, 1.5 mm at
isocenter), using an arrangement of 9 to 14 noncoplanar fields. A
median single dose of 13 Gy (range, 10–20 Gy) was prescribed to
the 80% isodose. All patients received 20 mg of dexamethasone at
1 hour before and 6 hours after undergoing SRS, together with an
H2 blocker for stomach ulcer prophylaxis.

The median follow-up time was 75 months (range, 2 months–19
years). No patient was lost to follow-up. All patients were seen
initially at 6 weeks after completion or RT and thereafter at
3-month intervals during the first year. Then, follow-up intervals
were extended to 6 months and then to yearly intervals. All fol-
low-up visits included a thorough clinical assessment and MRI.
It was recommended that an evaluation of the patient’s hearing
be performed by the patient’s home otolaryngologist on a regular
basis. For long-term outcome and assessment of side effects, data
gathering was completed by contacting the patients’ primary care
physicians and the patients themselves. Detailed questions about
patients’ hearing ability were asked, including hearing function
with the ipsilateral and contralateral ear, the ability to use the
phone with the affected ears, hearing with and without a hearing
aid, and hearing ability with a high level of background noise.
The hearing classifications useful and nonuseful were based on in-
formation in the patient chart, on hearing evaluations performed
before and after radiotherapy by the patients’ otolaryngologist,
from data collected from the follow-up visits or from the primary
care physicians, as well as from the patient questionnaire. Service-
able (useful) hearing was defined as Gardner-Robertson Class 1 to
2 (13).

We used the Kaplan-Meier method to calculate rates for overall
survival, local control, and hearing preservation. For intergroup dif-
ferences, we applied the log-rank test and Student’s t test. All statis-
tical analyses were performed using Statistica version 6.1 software
(StatSoft, Tulsa, OK).

RESULTS

FSRT and SRS were well tolerated by all patients; FSRT
could be completed without interruptions of >4 days. No
acute toxicity greater than Grade II, according to the Com-
mon Terminology Criteria for Adverse Events (CTCAE),
version 3.0, were observed. Minor acute reactions after treat-
ment included alopecia, headaches, skin erythema, or nausea.

Local tumor control
After a median follow-up time of 75 months, local control

was 98% at 3 years and 96% at 5 and 10 years (Fig. 2A).
Local tumor control was not significantly influenced by the
presence of NF-2 (p = 0.46), the patient’s age (p = 0.97),
by prior surgical intervention (p = 0.1), and by tumor size
(p = 0.63). In general, tumors chosen for SRS were smaller,
whereas tumors of all sizes were treated with FSRT, as seen
in Fig. 1. Two patients with tumor progression were treated
with SRS at doses of 16 Gy and 20 Gy, respectively. Four pa-
tients developed tumor progression after FSRT. With respect
to treatment technique, there was no statistically significant
difference between local control after FSRT and after SRS
(p = 0.25) (Fig. 2B).

Treatment-related toxicity
Tinnitus was documented in 88 patients prior to FSRT and

in 12 patients prior to SRS. In the FSRT group, tinnitus
decreased in 9 patients after radiotherapy; however, in 5
patients, new tinnitus symptoms developed. In the SRS
group, only 1 patient developed new tinnitus symptoms,
and in 1 patient, preexisting tinnitus evolved after radiation
therapy. Eighty-nine patients complained of dizziness prior
to FSRT, which decreased in 20 patients after treatment. In
the SRS group, 19 patients complained of dizziness, which
was unaltered in all patients after treatment.

Prior to radiotherapy, 24 VSs were associated with trigem-
inal nerve sensory dysfunction. Trigeminal neuralgia was
documented in 5 patients prior to radiotherapy. Of all 202
VSs treated, 175 were at risk for developing trigeminal dys-
function. After radiotherapy, 8 of these 175 patients (4.6%)
developed persistent radiation-induced damage to the

Fig. 2. Local control of 202 VSs treated with high-precision radiotherapy. After a median follow-up time of 75 months,
local control was 98% at 3 years and 96% at 5 and 10 years (A). Outcomes were not statistically significant after FSRT and
SRS (p = 0.25).
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fraktionierte RT  vs.  Radiochirurgie 
 

N. V,  N. VII:  kein Unterschied 

 

Hörerhalt:   

 

 

a significant loss of hearing ability after treatment when all 30
patients are included, while results after FSRT, especially in
patients with serviceable hearing prior to FSRT, show hear-

ing preservation rates of 85% at 1 year, 83% at 2 years,
and 78% at 5 years. Moreover, SRS is associated with higher
rates of trigeminal and facial nerve dysfunction than FSRT.

Fig. 4. Hearing preservation of 202 VSs treated with high-precision radiotherapy (A). Outcomes after SRS, including all
applied doses, were significantly worse than those after FSRT (p = 0.002) (B). Doses applied for SRS significantly influ-
enced hearing preservation rates (C). In patients treated with SRS at doses of #13 Gy, hearing preservation was not sig-
nificantly different than that after FSRT (D). Patients with NF-2 showed significantly worse rates of hearing preservation
than for cases of sporadic VS (p = 0.004) (E). Useful hearing preservation rates were 85% at 1 year follow-up, 83% at 2
years, and 78% at 5 years. Useful hearing preservation after SRS using doses of #13 Gy was not significantly different than
after FSRT (F).
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fraktionierte RT  vs.  Radiochirurgie 
 

Hörerhalt:  kein Unterschied, wenn Dosis < 13 Gy 

 

  

 

 

a significant loss of hearing ability after treatment when all 30
patients are included, while results after FSRT, especially in
patients with serviceable hearing prior to FSRT, show hear-

ing preservation rates of 85% at 1 year, 83% at 2 years,
and 78% at 5 years. Moreover, SRS is associated with higher
rates of trigeminal and facial nerve dysfunction than FSRT.

Fig. 4. Hearing preservation of 202 VSs treated with high-precision radiotherapy (A). Outcomes after SRS, including all
applied doses, were significantly worse than those after FSRT (p = 0.002) (B). Doses applied for SRS significantly influ-
enced hearing preservation rates (C). In patients treated with SRS at doses of #13 Gy, hearing preservation was not sig-
nificantly different than that after FSRT (D). Patients with NF-2 showed significantly worse rates of hearing preservation
than for cases of sporadic VS (p = 0.004) (E). Useful hearing preservation rates were 85% at 1 year follow-up, 83% at 2
years, and 78% at 5 years. Useful hearing preservation after SRS using doses of #13 Gy was not significantly different than
after FSRT (F).
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Fazit 
 

kein Unterschied 

•  Tumorkontrolle 

•  Nebenwirkungen (N. fazialis) 

•  Hörerhalt 

 

  

 

 



Die 9 häufigsten Irrtümer 
„Radiochirurgie und Vestibularisschwannome“ 
 
 



Die 9 häufigsten Irrtümer 
 

•  Fraktionierung ist besser als Radiochirurgie 

  Falsch !   siehe oben 

Combs et al. 2010 



Die 9 häufigsten Irrtümer 
 

•  keine Radiochirurgie bei jungen Patienten 

  Falsch !  

besserer Hörerhalt, geringes Risiko für Fazialis-Parese 

Regis et al. 2013 



Die 9 häufigsten Irrtümer 
 

•  Zweittumor durch Radiochirurgie 

  Falsch !  

kein Hinweis auf erhöhte Malignom-Rate nach Radiochirurgie 

Rowe et al. 2007 



Die 9 häufigsten Irrtümer 
 

•  Maligne Transformation durch Radiochirurgie 

  Falsch !  

7 Case-Reports, 5 nach Radiochirurgie, alle nach Operation 

Regis et al. 2013 



Die 9 häufigsten Irrtümer 
 

•  häufiger Hydrozephalus nach Bestrahlung 

  Falsch !  

häufiger bei älteren Patienten, 

kein Zusammenhang mit Radiochirurgie 

Roche et al. 2008 



Die 9 häufigsten Irrtümer 
 

•  AKN nach Radiochirurgie im MRT größer = Rezidiv 

  Falsch !  

typische Schwellung (Pseudo-Progress) nach Radiochirurgie 

 

   Cave :   keine Operation ! 

Wowra et al. 2005 



Die 9 häufigsten Irrtümer 
 

•  Operation nach Bestrahlung nicht mehr möglich 

   

  Falsch !  

 

1. Re-Bestrahlung möglich  

 

2. Resektion erschwert, aber: 

  Resektion nach OP schwieriger als nach RS! 

Pollock et al. 1998 



Die 9 häufigsten Irrtümer 
 

•  große Tumore können nicht bestrahlt werden 

  Falsch !  

 

Fraktionierung für große Tumore geeignet, 

wenn OP nicht möglich. 

 



Die 9 häufigsten Irrtümer 
 

•  Neurochirurg und Radiochirurg sind Gegner 

  Falsch !  

 

Radiochirurgie wurde von Neurochirurgen entwickelt ! 

 


