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CNAO – Centro Nazionale di Adroterapia 

CNAO – Centre of Hadrontherapy - Pavia ü Staff: 102 persons 
ü 1 Synchrotron  

ü  Proton & Carbon ions 

ü 3 treatment rooms  
ü  3 horizontal beams,  
ü  1 vertical beam 

ü Imaging:  
ü CT, RMI, PET 

ü First patient treated 
in September 2011 
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Sept. 2011 – Sept. 2012 – 1 year after 
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Handling weeks – synchro switched off 
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Sept. 2011 – Sept. 2012 – 1 year after 

 
      31 patients treated – 942 treatment sessions 

Head & Neck 
 

23 patients 
 –  

688 treatment sessions 

Pelvis 
 

8 patients 
 –  

254 treatment sessions 
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X-ray Patient 
Verification System 

(PVS) 
•  2 X-ray tubes (deployable) , 2 
 flat panels (deployable) 
•  Supporting structure 
 rotation: ±180° 
•  Rotation and deployment 
 accuracy: ± 0.15mm, ± 0.1° 

Patient Positioning 
System (PPS) 

•  Automatic couch or chair docking 
•  Absolute accuracy: ≈ 0.3 mm 

3D Real-time IR Optical Tracking 
(OTS) 

• Sub-millimeter accuracy : <0.5 mm 
•  3D data flow at 70 Hz  

• Real time detection - position of spherical markers 
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OTS / PVS benchmark on CNAO patients 

Patient setup procedure: 
ü Patient prepared outside the treatment room for Pelvis 
ü Docking of the couch 
ü PPS in nominal configuration (according to TPS) 
ü OTS based setup correction (6 dof correction vector) 

Journées de la SFPM 2012 Partner Meeting – CNAO – Sept 2012 
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OTS – Real-time application 
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OTS / PVS benchmark on CNAO patients 

Patient setup procedure: 
ü Patient prepared outside the treatment room for Pelvis 
ü Docking of the couch 
ü PPS in nominal configuration (according to TPS) 
ü OTS based setup correction (6 dof correction vector) 
ü Imaging verification (w/wo correction, threshold at [0.5 mm, 0.5 °]) 
ü Second imaging for verification - possible 
ü 633 H&N fractions evaluated in 23 patients 
ü 236 Pelvis fractions evaluated in 8 patients 
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OTS / PVS benchmark on CNAO patients 

Journées de la SFPM 2012 
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OTS / PVS benchmark on CNAO patients 
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Conclusions 

ICRT-PHE 2012 

ü CNAO-Patient Positioning System assessed in specification : 0.3 mm 
ü CNAO-Patient Verification System verified (mechanically). Image registration found 

 stable, reproducible within specs (~ 0.5 mm, 0.5 °) 

ü CNAO-Optical Tracking System : 0.5 mm 3D accuracy in the treatment working volume 
ü Set-up mismatches  OTS vs Imaging : <2mm in H&N; up to 8-10 mm in pelvic cases  

ü  Differences due to daily variability of the patient positioning inside the mask 
ü Corrections very small with the Imaging System after correction using the OTS 

ü  Automatic matching is helped by the OTS correction 
ü The OTS is a secondary and independent system to check the patient positioning 

ü  It checks also the intrafractional immobility of the patient in real time 
ü  It will be applied for respiratory motion monitoring in support to motion 

compensated irradiation strategies (4D dose delivery) 
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Thank you 
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