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• A long overdue technologyg gy

• Known for years that…
P ti t diffi lt t t- Patients are difficult to setup

-Targets change in position between (interfraction)

and during (intra fraction) treatmentsand during (intra- fraction) treatments

-Tumors and patients change over the treatment course

• Increasingly aware that such factors effect the
quality and delivery of treatment
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Potential dosimetric consequences of missing the target

A more detailed look at the second day 
of treatment

A more detailed look at the first 
day of treatment
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METHODS OF CALCULATIONMETHODS OF CALCULATIONMETHODS OF CALCULATIONMETHODS OF CALCULATION
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CROSSCROSS--MODALITY CALCULATION METHMODALITY CALCULATION METHODS
BAT SYSTEM, SANARRAY, E.BEAM, ,

Two orthogonal 2D US images obtaines immediately
prior to treatment are compared to the position of the
CT designed treatment planning volumes



INTRAMODALITY CALCULATION METHODSINTRAMODALITY CALCULATION METHODS

RESTITU
Compares the images obtained daily, before eachCompares the images obtained daily, before each
fraction of RT, with an image of identical imaging
modality obtained from the simulation day



RESTITU USRESTITU US



InIn--TCTC echographyechography

US SIM
tracking unit

acquisition quick and 
easy-non need to find the 
perfect 2D slicep

reconstruction of the 3D 
volume in any orthogonal  plan



Segmentation algoritms to extract a 3D 
surface a some secondssurface a some seconds

Reduction of inter-user variabilityReduction of inter user variability



RESTITU CT/US SIMRESTITU CT/US SIM
Implicit Registration gives 
automatic CT-U/S fusion
Better and consistent GTV andBetter and consistent GTV and 
PTV contouring
Complimentary imaging 
modality for treatment planning

Higher soft tissue contrast for better 
organ definition…

delivered by USdelivered by US--SIMSIMdelivered by USdelivered by US SIMSIM



Restitu WorkstationRestitu Workstation

Functionality:Functionality:

Inter-modality fusion of CTInter modality fusion of CT 
and US image sets for 
treatment planning
I t f CT b d t t tImport of CT based treatment 
plan
Creation of reference volumes
Data Administration



Restitu U/S GuidRestitu U/S Guide

U/S-GUIDE is involved in 
d ildaily treatment 

Data acq i ed he e isData acquired here is 
compared to reference 
volume acquired on U/S-q /
SIM to determine 
necessary shifts



In the treatment room, RESTITU 
U/S-GUIDE makes organ position 
verification and patient positioning 

ibl ith t i i

In CT-Sim room RESTITU 
U/S allows more accurate 

target volume delineation on possible without compromising 
throughput. 

target volume delineation on 
automatically generated 
US/CT fusion volumes 

RESTITU U/S-GUIDE delivers 
robust and reproducible 3D 
u/S imaging, tumor position 
verification and patient re-verification and patient re-

alignment in only 90 seconds.





OurOur experienceexperience in IGRTin IGRT USUS guidedguidedOurOur experienceexperience in IGRT in IGRT USUS‐‐guidedguided

From 2007, 45 consecutive patients + 25 with gold-
seed fiducial markers)
Prostate adenocarcinoma, intermediated risk or high-
risk (if LN risk between 15-35% by Roach recipe)( y p )
Ipofractionation 70 Gy /2.7 Gy per fx

(BED 84 4 Gy if α/β= 1 5 Gy)(BED2 84.4 Gy if α/β= 1.5 Gy)

Daily on-line target localization prior RT. Off-line 
correction for residual errorscorrection for residual errors
Empty of the rectum, full bladder and diet regime 

lprotocol



Definizione di un PTV pazienteDefinizione di un PTV paziente--specificospecifico
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Margini sec formula Van Herck  (2.7Ʃ+0.7σ)



Confronto 

i fi
RESULTSRESULTS

semi-ecografia

Distribuzione s bu o e
delle 

misurazioni 
ottenute con iottenute con i 
due metodi di 

verifica    
(467 coppie):(467 coppie): 
localizzazione 
dei semi d’oro 

i te sistema 
ecografico 
Restitu. 

p-value: LL = 0.124     AP = 0.643     CC = <0.01



LEARNING  CURVELEARNING  CURVE



Ultrasound : PRO AND CONTRA  Ultrasound : PRO AND CONTRA  BALANCEBALANCE

PROsPROs CONTRAsCONTRAs

1 FAST1 FAST 1 OBESITY1 OBESITY1.  FAST1.  FAST 1. OBESITY1. OBESITY

2.  NON2.  NON‐‐INVASIVEINVASIVE
2. LEARNING CURVE2. LEARNING CURVE

3.  EXCELLENT   3.  EXCELLENT   
VISUALIZATION OF VISUALIZATION OF 
SOFT  TISSUES SOFT  TISSUES 
STRUCTURESSTRUCTURES

33. BLADDER. BLADDER FILLING FILLING 
COMPLIANCECOMPLIANCE

STRUCTURESSTRUCTURES

4.  NON4.  NON‐‐IONIZING IONIZING 
METHODSMETHODS 4. INTER4. INTER‐‐USERS USERS 

VARIATIONS?VARIATIONS?
Dong, Langen,Tomè

O SO S
5.  COST5.  COST‐‐EFFECTIVEEFFECTIVE

5. PROBE –INDUCED 
PRESSION?6.  NO OVERSTIMATES6.  NO OVERSTIMATES

VOLUMESVOLUMES

Dong, McNeeley

7.7. NO LINAC NO LINAC 
MODIFICATIONSMODIFICATIONS



COMPARISON IGRT SYSTEMSCOMPARISON IGRT SYSTEMS



TAKETAKE HOMEHOMETAKE  TAKE  HOME…HOME…..
f t ± 90 120 d l t dfast ± 90-120 seconds, complet procedure
non invasive
ll t t t t i h d itiallows to account target size, shape and position

“implicit Registration” by CT, MR and PET
bili d d if f llstore capability to Record and verify systems of all 

records and alignments
cost efficaccost-efficacy
not necessary LINAC modifies

t ll d t di t th t it i ht inon-controlled studies suggests that it might improve 
outcome



GRAZIE


