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Agenda

Background 

First Fraction OK, but what happens afterwards ?

Clinical Benefits : 3-Camera System and Flexibility
on all following Fractions.  

Videos

Discussion 



Background of the Presenter

• Ph.D in Medical Physics from University of Genoa and
National Cancer Institute of Milan - Italy
(„Lasers in Surgery and Oncology“)

• Since 31 Years in Germany

• Professional Experiences with Hewlett-Packard Medical
and Agilent Technologies Optical Division in Böblingen 
(Product Design). With C-RAD since beginning 2013.

• Scientific Publications : www.franco-canestri.de

http://www.franco-canestri.de/


Background of the Company

- Product ideas based on specific studies about patient positioning and 
monitoring during radiation therapy at the

Karolinska Institutet, Stockholm

- Research and first developments by Anders Brahme started back in 1997

- C-RAD company was founded in 2003



Ziel :

Mehr Patienten pro Tag,

besser, komfortabler und 

sicherer behandeln.



”Respiratory Gating (DIBH)” vs. ”Free Breathing” 

Genauigkeit 

”Posture Errors”

Bewegungen

Strahlentherapie : Herausforderungen

„must-position“ auf dem Tisch



C-Rad Solutions with Interfaces to CT and Linacs 
(Siemens, Toshiba, GE, Philips  +   Elekta and Varian)

Covering the full treatment chain : from the CT to the 
Linear Accelerator, including room Lasers



C-RAD Approach to precise patient positioning

For RT Room                            For CT Room

Camera  Projector C-RAD ultra-precise (0.1 mm at isocenter)
Room Lasers :
- ) with dual-diode (red + green)
- ) and automatic calibration (< 9 Min.).

For CT + RT Rooms



„Installed base“ C-RAD Systeme in DACH – 2012 bis Heute

„Sentinel“ (CT Raum)                   :  11

„Catalysts“ (Linac Raum)             :  13

„Catalysts HD“ (Linac Raum)       :    8 (*)

C-RAD „HIT“ Raum Lasers            :   7   

Gesamt                                  :  39 C-RAD Systeme  - Deutschsprachige Länder

Kliniken nur in DE.               :  15 mit C-RAD Lösungen im Einsatz in BRD
Publikationen                       :  16 aus LMU, UMM, Uni Mainz, Gelsenkirchen, etc.

Wachstum 2013  2014    :  60% in € ( Siehe WEB; C-RAD Press Release)

(*) : 3-Kamera Version



No extra ionizing radiation 
and no lasers, 
just optical LED cameras 
in triangulation

Measurement Principles  

Projector              Camera 

Scan
Volume



Triangulation Method 

We know that : 

tan α = sin α / cos α 

and that :

sin(α + β) = 
sin α cos β + cos α sin β 

Projector                                                                           Camera

therefore :  

l
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Scan volume: up to 80cm x 130cm x 70cm

Position accuracy:  <1mm

Motion detection accuracy:  <1mm

Technical performances

Camera                       Projector  

Scan
Volume



- 4DCT prospective gating (when you 
know where the tumor is located 
and you want to perform DIBH
mainly for left breast cancer) 

- 4DCT retrospective gating
(when the areas are too spread and
there is no acute need of DIBH)

Workflow : Step 1 - CT

It will be sent 
to the Catalyst in 
Linac room for DIBP …

… or for free 
breathing



from CT Room in RT Room

Isocenter and red areas                       Yellow areas                              Gating

Geometrical corrections via couch and Intefaces to Linacs

Delta = 0               
Delta > 0                                                          Delta < 0 

Workflow : CT RT
(first Fraction)

- Patient‘s Surface (time of the first CT)                                                                                     
- Tumor‘s isocenter info 
- 4DCT 
- Therapy plans (TPS)

- Patient‘s Surface (now, first fraktion at the Linac)                                                                         



Rückprojektion : Torso Rotation

Muss nach oben (weil Gelb) 

Muss nach unten (weil Rot) 

http://www.c-rad.info/content.php?categoryID=14&parentID=0
http://www.c-rad.info/content.php?categoryID=14&parentID=0


Patient setup and  
Positioning

Motion detection

Respiratory gating

Modules



Respiratory Gating with the Catalyst in Linac Room
(with Touch Screen Option)

Real-time 
Measurements
(free breathing)
in Linac Room

From CT
for free-
breathing

From Sentinel - CT

From Catalyst - Linac
1) Tumor‘s Isocenter
2) Linac = Catalyst  Isocenter



Innovation und Flexibilität 



Patient’s Visual feedback

Respiratory gating / coaching (DIBH)

Resp. 
Target

Resp. 
signal

Base line

DIBH

Free breathing
from 4DCT „Sentinel“

Exported via DICOM 

RT  CT
„Catalyst“           „Sentinel“



Has the patient‘s surface changed after the first fractions ?
Always a dynamic Workflow :

- CT Raum Linac Raum
- „Sentinel“ / 4DCT
- TPS, Isocenter, …

First Fraction    … Fraction ‚n‘                                             Fraction ‚n+1‘ 

Time

?

Changes of the body surface !
Two Clinical decisions needed !

New reference image (+ TPS, …) 
get stored    Fraction ‚n+1‘

CBCT / EPID

+ 

New Reference
image

Massive Changes           Minor Changes

via DICOM to „Catalyst „ / Linac

2nd   3rd …



Reduced fixation with optical monitoring 
for palliative whole brain radiotherapy treatment.

Malin Kügele1, Charlotte Thornberg1, Elisabeth Kjellén2, 
Fredrik Nordström1, Silke Engelholm2 

1 Radiation Physics, Skåne University Hospital, Lund, Sweden 

2 Skånes Oncology Clinique, Section of Radiation Therapy 



„Head & Neck“ … ohne Masken … (Uni Lund, SE)

„Gating“ spot …



Non-rigid algorithm for isocenter calculation :

Patient
Movement

= C-RAD  (Elastic)= not C-RAD

Scan
Volume

Scan
Volume



3-Camera Solution

Central Camera 1 
+ Projector Left Camera 3

Right Camera 2



• Also for Stereotactic 
and PT Treatments

• Full Patient Surface 
coverage

• Monitoring 
independent from 
couch kicks

3-Camera Solution
KFJ Spital – Wien –



3-Camera Catalyst Stereotactic Report with Screen View

Benefits for Stereotactic
Appications :

1) Full patient coverage
indep. from couch kicks

2) Positioning
3) Motion
4) Gating
5) Audio/Vidual (Googles)
6) Non-rigid Algorithm

Critical Angles / Views

 Instant verification of
postural errors (shoulder and head rotation)



Three more examples :





New : Table Tracking for ”Sentinel” in CT Rooms

Horizontal movement



Reporting
(on screen and in .pdf)



Room Lasers : View of a mobile and a fixed laser with the SmartPhantom 

A                   Company



Klinische Vorteile : Überblick  

• Patientenlagerung sowie Patienten Auto-Setup 
mit Tischinterface sowie Schnittstelle zum Bestrahlungssystem, interessant ist die Möglichkeit der 
Rückprojektion, d.h. Lagerungsfehler werden während des Setups direkt auf den Patienten 
projiziert (plus Screen im Kontrollraum) : Vorteil für die MTRA‘s, bei Positionierung, Gating und 
Bewegungsmanagement, ohne Markers, Belts und Fiduciary Points = mehr Komfort für alle. 

• Patientenüberwachung nach der Positionierung 
und während der gesamten Bestrahlung 
dies ist insbesondere dann interessant, wenn entweder lange Bestrahlungszeiten vorliegen oder 
mit einer hohen Dosisrate bestrahlt wird.

• Respiratory Gating
Durch die Erfassung der Oberfläche und der Tatsache, dass keine Marker angebracht werden 
müssen, ergeben sich große Vorteile für die Bestrahlung linker Mammen und Lungentumoren. 

• Tisch und Linac autom. Steuerungen  via Interfaces.



Results



Results



Ziel erreicht !

Mehr Patienten pro Tag,

besser, komfortabler und 

sicherer behandeln.



Thank you for your attention !

VIDEOS !

www.c-rad.se

franco-canestri@c-rad.com
Mobile : 0176.10023655

http://www.c-rad.se/
mailto:franco-.canestri@c-rad.com

