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RADICAL TREATMENT OF CRITICAL 
LESIONS WITH VERY LOW RISKS OF 
PERMANENT COMPLICATIONS AND 
HEARING PRESERVATION

GOALS OF RS TREATMENT 
GAMMA KNIFE IN VSs 
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ADVANTAGES OF GK RS 

GAMMA KNIFE IN IAC-VSs 
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ADVANTAGES OF GK RS 

GAMMA KNIFE IN IAC-VSs 
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GAMMA KNIFE IN VSs 



STEEP DOSE FALL-OFF 



•  ADVANTAGES FOR THE PATIENT 
•  ADVANTAGES FOR HEALTH SYSTEM 

GAMMA KNIFE IN IAC-VSs 

• NON-INVASIVE TECHNIQUE 
• DAY SURGERY PROCEDURE 
• HIGH NET INCOME 
    (€ 7,500, 65% net income for the N.H.S.  
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VSs – CUMULATIVE PATIENTS TREATED WORLDWIDE WITH GK
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BENIGN TUMORS – CUMULATIVE PATIENTS TREATED WORLDWIDE WITH GK
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GAMMA KNIFE IN VSs – AOUI VERONA 



 This article discusses the results of a cross-sectional survey of members of the 
American Neurotology Society (ANS) that was conducted to ascertain practitioner 
attitudes and behaviors pertaining to radiation as a treatment modality for VS.
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Cumulative number of neurotology performing SRS between 2000 and 2008

The maximum size recommended for radiation by Members of the 
American Neurotology Society who perform SRS for VSs was 2.5 cm
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INDICATIONS   
GAMMA KNIFE IN VSs 





February 1993 – August 2015 

TREATED PATIENTS:  9,100
VSs:       1,013

GAMMA KNIFE IN VSs 
 OUR EXPERIENCE 
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2002

GAMMA KNIFE IN VSs 
 OUR EXPERIENCE 
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     % 
•  HEARING PRESERV. (G-R 1/2)   66.0 
•  TGC      93.0 
•  FACIAL IMPAIRMENT        2.7 

GAMMA KNIFE IN VSs 
 OUR EXPERIENCE 
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PRE-GK MRI

-GK MRI
AT 50 mos.

GAMMA KNIFE IN VSs 
 OUR EXPERIENCE 



MR on 
GK day

GAMMA KNIFE IN VSs 
 OUR EXPERIENCE 

MR FU 
AT 37 
mos.
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Author N° Pts Device FU period LTC % Hear. 
Preser. 

Facial N. 
Preserv. 

Malign. 
Transfor. 

Boari 2014 379 GK Med.69.5m 97.1 49% 98,9% 0.0 

Hasegawa 
2013 440 GK Med.12.5y. 93.0 

(92% ≥10y.) 
43% at 

5y. 99.7 
Annual 

incidence: 
0,02 

GAMMA KNIFE IN VSs 
SUMMARY OF RECENT SRS LITERATURE 
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COMPARISON MS vs. SRS 

Author Type of 
study TC % TC % Hear. 

%  
Preser.

% 
FacialN 

% 
Preser.

% 
Cost-

effectiveness 

MS SRS MS SRS MS SRS MS vs. SRS 

Sarmiento 
2013 
(Ø≤3 cm) 

Focused re: 
• 3 prospec, 
• 6 retrosp, 
• Variuos 
case series 

94-100 90.5-100 0-5 40-68 66-83 98-100 

MS: • over 2 
times higher 
than SRS.  
• 0.5% postop.      
mortality 

Wolbers 
2013 
(Ø≤3 cm) 

Focused re: 
• 6 cohort 
studies 
selected 

— — — 
Better 
Hear. 
preser. 

— 
Better 

Facial N. 
outcome 

SRS: 
• Better QOL 
• No mortality 
• No surg/  
  anaes. compl. 

Myrseth 
2009 
(Ø≤2.5cm) 

Prospetive 
open, non-
randomized  
study 

Compa
rable 

Compara
ble 0.0 68.0 at 

2 y. 53.6 98.3 

SRS: 
Better QOL at 
2y (Glasgow 
Benefit 
Inventory 
questionnaire) 

MS: microsurgery; SRS: stereotactic radiosurgery



COMPARISON MS vs. SRS 
CONCLUSIONS 

Sarmiento JM, et al. IMPROVING OUTCOME IN PATIENTS WITH 
VESTIBULAR SCHWANNOMAS. MICROSURGERY versus 
RADIOSURGERY (focused review). 

J NEUROSURG SCI 2013;57:23-44 
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SRS can be considered as the the primary 
modality of choice for treatment of most 
vestibular schwannomas that are <3cm 



COMPARISON MS vs. SRS 
CONCLUSIONS 

BMJ Open 2013;3:e001345. doi:10.1136/bmjopen-2012-001345 
(focused review). 

The available evidence indicates radiosurgery to be 
the best practice for solitary vestibular 

schwannomas up to 30 mm in cisternal diameter. 
Verona, Sept. 17th, 2015 



This prospective study 
demonstrates better 
facial nerve and hearing 
outcomes from GKRS 
than from open surgery 
for small- and medium- 
sized (maximum tumor Ø 
≤25 mm) vestibular 
schwannomas. 

Neurosurgery 2009 
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COMPARISON MS vs. SRS 
CONCLUSIONS 

Prospetive open, non-
randomized  study 



February 1993 – August 2015 

TREATED PATIENTS:  9,100
VSs:       1,013
IAC-VSs:         107 

 OUR EXPERIENCE 
GAMMA KNIFE IN IAC-VSs 
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IAC: internal acoustic canal



M/F      54/53 
MEAN AGE (Range)    56.1 yrs. (12–80) 

SURGICAL RESIDUAL    13/107 pts. (12.1%) 

MEAN VOLUME (RANGE)   0.19 mL (0.04–0.70) 
Mean PI/ PD/ MD /#ISOCENTERS  52.1% / 12.1Gy / 23.3Gy / 3.7 

 OUR EXPERIENCE 

February 1993 – August 2015  
107 TREATED PATIENTS 

GAMMA KNIFE IN IAC-VSs 
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MEDIAN SURVIVAL TIME   52.6 Mos 
ALIVE      66/66 (100%) Pts. 
TGC      65/66 (98,5%)   
HEARING PRESERVATION   22/47 (46.8%) Pts. 

     (47 Pts. with GR I-III pre-GK) 
FACIAL PRESERVATION   65/66 (98,5%)* 
OTHER WORSENING (tinnitus, ataxia)  3/66 (4.5%) 
MALIGNANT TRANSFORMATION  0/66 

*mild spasm of facial nerve 

February 1993 – August 2012  
66 TREATED PATIENTS WITH AT LEAST 36-MONTH-F-U 

 OUR EXPERIENCE 
GAMMA KNIFE IN IAC-VSs 
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ACTUARIAL PFS RATE:   96% at 10 Y. 

 OUR EXPERIENCE 
GAMMA KNIFE IN IAC-VSs 



ACTUARIAL HEARING PRESERVATION RATE: 43% at 5 Y. 

 OUR EXPERIENCE 
GAMMA KNIFE IN IAC-VSs 



GAMMA KNIFE IN IAC-VSs 

Independent variables Odds 
Ratio p-value  # 

Observ. 
Statistically 
significant 

Pre-GK VS increased volume 
const 

1.05 
1.428571 

0.946 
0.469 32 N 

Post-GK intra-VS necrosis time 
const 

1.011856 
.5319617 

0.049 
0.228 38 Y 

Average dose to the cochlea 
const 

.8609878 
1.862945 

0.509 
0.497 23 N 

VS volume (mL) 
const 

.3367242 
1.285514 

0.679 
0.665 45 N 

Prescription dose (Gy) 
const 

.6008056 
561.6 

0.031 
0.029 47 Y 

STATISTICAL ANALYSIS: prognostic factors influencing hear.wors.
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MR on 
GK day,
Jan 2012

MR FU AT 
22 mos.
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GAMMA KNIFE IN IAC-VSs 

AUDIOGRAM 
on  Nov, 2013 
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 OUR EXPERIENCE 
GAMMA KNIFE IN IAC-VSs 

MR on GK day, October 4th, 2012 
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 OUR EXPERIENCE 
GAMMA KNIFE IN IAC-VSs 

AUDIOGRAM 
on  Dec. 2nd, 
2013 
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Author N° Pts Device FU period 
(Median) LTC % Hear. Preser. 

Facial
N 

Preser. 

Prog.Fact. 
for hear. 
Deterior. 

Kim 
2013 60 GK 62.0 m. 100 clinical 

TC 

57 .0 
PTA≤50 dB 
SDS≥50% 

— •TVE≥20% 

Present 
series 

66 
47 p. 

GR I-III 
GK 52.6 m. 98.5 

(96%at10y) 
46.8%  

(43% at5y.) 99.7 
• Necrosis 
  time 
• PD (Gy) 

GAMMA KNIFE IN IAC-VSs 

PTA: pure tone average
SDS: speach discrimination score
TVE: transient volume expansion
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GAMMA KNIFE IN IAC-VSs 
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META-ANALYSIS  REVIEW  FOR 
ALL  ARTICLES  DESCRIBING 
BOTH  APPROACHES  FOR  VS 
FROM 1996 TO 2011:
•  21 OPEN APPROACH
•    4 ENDOSCOPIC APPROACH
SELECTED ARTICLES.
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GAMMA KNIFE IN IAC-VSs 

Facial nerve Outcome (HB 1) 98.0%-100.0% 
LTC 90.5%-100.0% 
Hearing Preservation (GR I-II) 40.0%-68.0% 

Other surgical complications 0.0% 
Death 0.0% 
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 SRS IN VSs ALLOWS: 
•  VERY HIGH TGC   
•  POSSIBILITY OF HEARING PRESERVATION 
•  VERY HIGH RATE OF FACIAL NERVE PRESERVATION  

•  NO RISK OF “SURGICAL” COMPLICATIONS 

•  DAY SURGERY PROCEDURE 
•  HIGH NET INCOME FOR HEALTH SYSTEM 

CONCLUSIONS 

GAMMA KNIFE IN IAC-VSs 
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•  ……THEN, NO NEED FOR FURTHER STUDIES ?  

CONCLUSIONS 

GAMMA KNIFE IN IAC-VSs 
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•  Ø ≤ 2 cm: GK/SRS 
•  Ø ≥ 3 cm (USA), Ø ≥ 2.5 cm (EC):  

– microsurgical endoscopic approach 
•  2 cm > Ø < 2,5 cm:  

– what is the goal standard for these VSs ? 
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CONCLUSIONS 

GAMMA KNIFE IN IAC-VSs 

VS WITH Ø > 3 cm TREATED WITH PROTON BEAM:…… 



GAMMA KNIFE VERONA: 20 YEAR-RESULTS 

February 1993 – February 2013 
Verona, 13 Dicembre 2013 
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