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Aim of the study

• Evaluation of the effectiveness and 
toxicity of GKRS for benign skull base
meningiomas to 

• define the role of GKRS for benign skull 
base meningiomas and to

• provide further data for comparison with
other treatment options.
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Postoperative complications total 30 % - 56%

CND (new or deterioriated) transient 20 % - 44   %
permanent 16 % - 56   %

Postoperative Mortality 0% - 9% (median 3,6%)

Recurrence after 5 y total removal 3,5% - 19  %
partial removal 25  % - 60  %

Recurrence after 10 y total removal 10 % - 33   %
partial removal 55 % - 75   %

Possibility of total removal 60 % - 87,5%
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Literature – Radiotherapy
as adjuvant therapy after partial resection and for recurrent tumours or as primary

option for inoperable lesions

complications post radiationem 3,6% - 19 % 

tumourcontrol after 5 y 76 % - 92 %
after 10 y  77 % - 82 %



•• 25 (out of 45) patients developed neurological worsening 325 (out of 45) patients developed neurological worsening 3--12 months 12 months after RT      after RT      
without (!!!) tumor without (!!!) tumor recurrrecurr./progress./progress
•• CT and MR showed compatible white matter changesCT and MR showed compatible white matter changes
Symptoms:Symptoms:

personality changes with withdrawal from social life, not worpersonality changes with withdrawal from social life, not working, hospitalizationking, hospitalization
(n=11)(n=11)

•• decreased vision (n=7)decreased vision (n=7)
•• other cranial nerve deficits (n=2)other cranial nerve deficits (n=2)
•• vertigo and balance problems (n=4)vertigo and balance problems (n=4)
•• major motor deficit (n=4)major motor deficit (n=4)
•• pituitary and/or hypothalamic dysfunction (n=3)pituitary and/or hypothalamic dysfunction (n=3)

The four patients with major motor deficits (2 paraplegia, 2 The four patients with major motor deficits (2 paraplegia, 2 monoparesismonoparesis) ) 
had previous multiple surgery !!!had previous multiple surgery !!!
16 of these 25 patients (= 64 %) with adverse reactions later de16 of these 25 patients (= 64 %) with adverse reactions later developed veloped 
tumor recurrence !!!tumor recurrence !!!
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radiotherapy for radiotherapy for meningiomasmeningiomas. . SurgSurg NeurolNeurol. 2003 Sep;60(3):193. 2003 Sep;60(3):193--8; discussion 1998; discussion 199--200200



• Engenhart R, Kimmig BN, Hover KH, Wowra B, Sturm V, van Kaick G, 
Wannenmacher M. Stereotactic single high dose radiation therapy of benign intracranial 
meningiomas. Int.J.Radiat.Oncol.Biol.Phys. 1990;19:1021-6

• Villavicencio AT, Black PM, Shrieve DC, Fallon MP, Alexander E, Loeffler JS. Linac
radiosurgery for skull base meningiomas. Acta Neurochir.(Wien.) 2001;143:1141-52

• Chang SD, Adler JR, Jr. Treatment of cranial base meningiomas with linear accelerator 
radiosurgery. Neurosurgery 1997;41:1019-25

Literature – LINAC based radiosurgery



9 %95 %12– 18,5
(15)

n/a6 – 66
(26)

56Villavicencio
2001

24 %98 %12 – 25
(18,3)

0,45 – 27,65
(7,33)

17 – 81
(48,8)

55Chang
1997

53 %94 %n/an/a.1 – 60
(40)

17Engenhart
1990

compl.contr.ratemarg. dosetumour vol.months fu# pat.author

Literature – LINAC based radiosurgery

Engenhardt et al. reported 1 therapy associated death !



GKRS in GKRS in benignbenign skullbaseskullbase meningiomasmeningiomas
thethe Graz Graz experienceexperience

April 1992 April 1992 –– JuneJune 1999; n= 2001999; n= 200

Observation time > 5 Observation time > 5 yearsyears
5 5 --12 12 yearsyears (median 7,9)(median 7,9)

SexSex
MaleMale (20 %)(20 %) 40 40 
FemaleFemale (80 %)(80 %) 160160

200 200 patientspatients

AgeAge
10 10 -- 81 81 yearsyears (median 57)(median 57)



101  PRIMARY  TREATMENTS101  PRIMARY  TREATMENTS
basedbased on MRI and CTon MRI and CT duedue to:to:

-- advancedadvanced ageage
-- medicalmedical infirmityinfirmity
-- patientpatient´́ss preferencepreference

ifif no no compressioncompression to to thethe opticoptic nerve, nerve, 
chiasm chiasm oror tracttract was was presentpresent

GKRS in GKRS in benignbenign skullbaseskullbase meningiomasmeningiomas --
thethe Graz Graz experienceexperience

April 1992 April 1992 –– JuneJune 1999; n= 2001999; n= 200



99  SECONDARY  TREATMENTS99  SECONDARY  TREATMENTS

0.2 0.2 –– 195.1 195.1 monthsmonths (median = 3.1 (median = 3.1 monthsmonths))
afterafter thethe last last microsurgicalmicrosurgical operationoperation

ThreeThree--stagedstaged treatmenttreatment 11 4.6 and 83.34.6 and 83.3

TwoTwo--stagedstaged treatmenttreatment 33 4.6 4.6 -- 6.26.2
(median 6)(median 6)

GKRS in GKRS in benignbenign skullbaseskullbase meningiomasmeningiomas --
thethe Graz Graz experienceexperience

April 1992 April 1992 –– JuneJune 1999; n= 2001999; n= 200

Treatment Treatment strategystrategy Pat. Pat. IntervalInterval
in large in large tumorstumors ((monthsmonths))



CAVERNOUS SINUSCAVERNOUS SINUS 6969
PETROCLIVALPETROCLIVAL 4444
SPHENOID WINGSPHENOID WING 3232
CEREBELLPONTINECEREBELLPONTINE 2121
OLFACTORY GROOVEOLFACTORY GROOVE 1313
ORBITA ORBITA 1010
SELLASELLA 44
FORAMEN MAGNUMFORAMEN MAGNUM 77
TOTALTOTAL 200200

AnatomicalAnatomical distributiondistribution of of thethe tumourstumours

GKRS in GKRS in benignbenign skullbaseskullbase meningiomasmeningiomas --
thethe Graz Graz experienceexperience

April 1992 April 1992 –– JuneJune 1999; n= 2001999; n= 200



TREATMENT MODALITIESTREATMENT MODALITIES

Tumor Tumor volumevolume 0.38 0.38 -- 89.9 ccm  89.9 ccm  median = 6.5 ccmmedian = 6.5 ccm

Isodose Isodose lineline 20 20 -- 80 %80 % median = 45 %median = 45 %

MarginMargin dosedose 7 7 -- 25 Gy25 Gy median = 12 Gymedian = 12 Gy
7 Gy, 8 Gy and 25 Gy: 7 Gy, 8 Gy and 25 Gy: veryvery earlyearly casescases

IsocentersIsocenters 1 1 -- 2121 median = 6 median = 6 

GKRS in GKRS in benignbenign skullbaseskullbase meningiomasmeningiomas --
thethe Graz Graz experienceexperience

April 1992 April 1992 –– JuneJune 1999; n= 2001999; n= 200



Neuroradiological Neuroradiological followfollow--upup

TumourTumour controlcontrol 196  196  (98 %)(98 %)

•• ReducedReduced tumortumor volumevolume 113 113 (56,5 %)(56,5 %)
•• UnchangedUnchanged tumortumor sizesize 8383 (41,5 %)(41,5 %)
•• Progression of Progression of tumortumor 44 (  2 %)(  2 %)

(17, 25, 74, 77 months after GKRS)

• Central necrosis 39 (19,5%)

GKRS in GKRS in benignbenign skullbaseskullbase meningiomasmeningiomas --
thethe Graz Graz experienceexperience

April 1992 April 1992 –– JuneJune 1999; n= 2001999; n= 200



GKRS in GKRS in benignbenign skullbaseskullbase meningiomasmeningiomas --
thethe Graz Graz experienceexperience

April 1992 April 1992 –– JuneJune 1999; n= 2001999; n= 200
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GKRS in GKRS in benignbenign skullbaseskullbase meningiomasmeningiomas --
thethe Graz Graz experienceexperience

April 1992 April 1992 –– JuneJune 1999; n= 2001999; n= 200

Clinical follow-up:

Stable Status 108 pts.   (54,0 %)

Clinical Amelioration 83 pts.   (41,5 %)
Complete restitution 21 pts.      (10,5 %)

Clinical worsening 9 pts.   ( 4,5 %)
transient 7 pts.
contralateral infarction 1 pts.

Total 200 Pat.  (100%)



GKRS in GKRS in benignbenign skullbaseskullbase meningiomasmeningiomas --
thethe Graz Graz experienceexperience

April 1992 April 1992 –– JuneJune 1999; n= 2001999; n= 200

Salvage Surgical Procedures:

Tu-progression + clinical worsening 3 Pat.
Double vision (1), CN III palsy (1) restitution
Hemiparesis (1) amelioration
Tu-Progression + stable clinical condition 1 Pat.
(no worsening after microsurgery) 
Clinical deterioriation without tu-progression 1 Pat.
(worsening of a preexisting visual field deficit
5,5 months after GKRS of a partially resected sinus cavernosus
meningioma. No amelioration after microsurgery)

Total 5 Pat. (2,5%)



GKRS in GKRS in benignbenign skullbaseskullbase meningiomasmeningiomas --
thethe Graz Graz experienceexperience

April 1992 April 1992 –– JuneJune 1999; n= 2001999; n= 200

Complications after GKRS:

Transient: 4 Pat. (2%)
Cephalea (1), increased epileptic activity (1) 

Restitution after dexamethasone due to peritumoural edema
2 newly developped trigeminal neuralgias (12, 16 months after
GKRS resp. ) restitution without medication

Permanent: 1 Pat. (0,5%)
visual worsening due to radiation damage of the
optic apparatus (although < 8 Gy)

Total: 5 Pat. (2,5%)



LongLong--termterm TumourTumour Growth Growth ControlControl of of 
Meningiomas Meningiomas afterafter GKRS GKRS 

Kondziolka (1999)Kondziolka (1999) 5 5 -- 10 10 yrsyrs 99   99   93%93%

KobayashiKobayashi (2001)(2001) 5 5 -- 9 9 yrsyrs 5454 88.9%88.9%

OwnOwn seriesseries 5 5 -- 12 12 yrsyrs 200200 98.5% 98.5% 5 5 yearsyears

97,2%97,2% 10 10 yearsyears

AuthorAuthor observationobservation pat.   pat.   Tumor Tumor controlcontrol

GKRS in GKRS in benignbenign skullbaseskullbase meningiomasmeningiomas --
thethe Graz Graz experienceexperience

April 1992 April 1992 –– JuneJune 1999; n= 2001999; n= 200



LongLong--termterm resultsresults afterafter GKRS GKRS 
of Skull Base of Skull Base MeningiomasMeningiomas

Kondziolka (1999) Kondziolka (1999) 5%5% 13%13%

KobayashiKobayashi (2001) (2001) 10%10% 13.8%   13.8%   

OwnOwn seriesseries 4%4% 2.5%2.5%

AuthorAuthor MorbidityMorbidity ComplicationsComplications

No No MortalityMortality afterafter GKSGKS

GKRS in GKRS in benignbenign skullbaseskullbase meningiomasmeningiomas --
thethe Graz Graz experienceexperience

April 1992 April 1992 –– JuneJune 1999; n= 2001999; n= 200



CONCLUSION ICONCLUSION I

•• MicrosurgeryMicrosurgery shouldshould bebe thethe firstfirst choicechoice of of treatmenttreatment

in in casescases withwith progressive progressive neurologicalneurological deficitdeficit --

especiallyespecially ifif requiredrequired forfor visualvisual pathwaypathway

decompressiondecompression, , butbut thethe optionoption of additional GRKS of additional GRKS 

maymay modifymodify thethe degreedegree of of resectionresection..

GKRS in GKRS in benignbenign skullbaseskullbase meningiomasmeningiomas --
thethe Graz Graz experienceexperience

April 1992 April 1992 –– JuneJune 1999; n= 2001999; n= 200



CONCLUSION  IICONCLUSION  II

•• PatientsPatients withwith recurrentrecurrent oror residual residual basalbasal meningimeningi--
omasomas shouldshould ratherrather receivereceive GKRS GKRS thanthan undergoundergo
repeatedrepeated openopen resectionresection..

•• GKRS GKRS shouldshould bebe performedperformed moremore oftenoften as as primaryprimary
alternative  alternative  treatmenttreatment espesp. in . in elderlyelderly oror clinicallyclinically
disableddisabled patientspatients withwith closeclose and and frequentfrequent followfollow--upup..

GKRS in GKRS in benignbenign skullbaseskullbase meningiomasmeningiomas --
thethe Graz Graz experienceexperience

April 1992 April 1992 –– JuneJune 1999; n= 2001999; n= 200


