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CYBERKNIFE AT SAN BORTOLO HOSPITAL
The CyberKnife System was installed in January 2003, and was the first installation in Europe. By March 2007 it has been used to treat nearly 
1200 patients. Radiosurgery for AVMs had been performed in this center since 1984 using a conventional linear accelerator technique with 
a rigid head-frame4. Since 2003 these treatments have been transferred to the CyberKnife System. By March 2007 almost 220 intracranial 
and spinal AVMs have been treated using the CyberKnife System. Professor Colombo and his team have been pioneers in linac-based  
radiosurgery over 20 years. Their CyberKnife patient population is approximately 76% intracranial and 24% extracranial.

outcome and follow-up
Follow-up MR angiography was performed at 6 and 12 months  
post-treatment. Progression of neurological symptoms was apparent for 
the first six months but then stabilized at 12 months post-treatment.

Twelve months post-treatment the AVM nidus volume had decreased  
in size. MR angiography was repeated at 24 months, and showed further 
reduction in the nidus volume. The patient has remained clinically stable 
with no bleeding episodes throughout this follow-up period, and there 
was no chronic treatment-related toxicity. 

At 36 months MR angiography indicated complete obliteration and  
this was confirmed by selective digital subtraction angiography (DSA).  
The patient’s symptoms had also improved with reappearance of 
normal knee reflexes and he can walk with a cane.

Conclusion and CyberKnife® advantages
CyberKnife® radiosurgery was successfully applied to obliterate this 
intramedullary spinal AVM.  3DRA images were used to accurately 
define the AVM. Highly conformal dose delivery with steep falloff 
avoided radiation-induced neuropathy despite the location of the 
nidus within the spinal cord. The CyberKnife System allowed delivery of 
a non-invasive, painless treatment which resulted in hemorrhage-free 
follow-up period and ultimately in complete nidus obliteration
within 36 months.

Case study

references
1.   Ryu SI, Chang SD, Kim DH, Murphy MJ, Le QT, Martin DP, Adler JR Jr.: Image-guided hypo-fractionated stereotactic radiosurgery to spinal lesions. Neurosurgery 49(4):838-846, Oct 2001
2.  Gerszten PC, Ozhasoglu C, Burton SA, Vogel WJ, Atkins BA, Kalnicki S, Welch WC: CyberKnife frameless stereotactic radiosurgery for spinal lesions: Clinical experience in 125 cases. Neurosurgery 

55(1):89-98, Jul 2004
3.  Stancanello J, Cavedon C, Francescon P, Cerveri P, Ferrigno G, Colombo F, Perini S: Development and validation of a CT-3D rotational angiography registration method for AVM radiosurgery. Medical 

Physics 31(6):1363-1371, June 2004
4. Colombo F, Benedetti A, Pozza F, Zanardo A, Avanzo RC, Chierego G, Marchetti C:  Stereotactic radiosurgery utilizing a linear accelerator. Appl Neurophysiol 48:133-145, 1985

Angiographic images acquired pre-treatment (top left) 
and 24 months post-treatment (top right) showing 
significant nidus volume reduction. Complete nidus 
obliteration was achieved at 36 months (bottom left).
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