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Disclaimer: Our university uses Philips scanners in radiation therapy and I 
have easy access to their images which are used in this presentation.  This 
should in no way be interpreted as our endorsement of these products.



CT in Radiation TherapyCT in Radiation Therapy



CT simulator historyCT simulator history
•• 1983 1983 -- GoiteinGoitein and Abrams described  multidimensional and Abrams described  multidimensional 

treatment planning based on CT imagestreatment planning based on CT images
–– Beams eye view (BEV)Beams eye view (BEV)
–– film created from a divergent projection through the film created from a divergent projection through the 

CT study data CT study data 
•• 19871987--1990 1990 -- Sherouse et al  Sherouse et al  –– ““software analog to software analog to 

conventional simulationconventional simulation””
–– Volumetric CT scan represents virtual patientVolumetric CT scan represents virtual patient
–– Software functions create a virtual simulatorSoftware functions create a virtual simulator

•• 1990 Nishidai et al and Nagata et al and 1994 Perez et al 1990 Nishidai et al and Nagata et al and 1994 Perez et al ––
CT simulator systems with laser beam projecting device CT simulator systems with laser beam projecting device 

•• 19931993--1994 1994 –– Commercial systems introducedCommercial systems introduced



CT simulatorCT simulator
•• CT scanner with CT scanner with 

external lasersexternal lasers
•• Flat tabletopFlat tabletop
•• Virtual Virtual 

simulation simulation 
softwaresoftware



CT simulation processCT simulation process
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TechnologyTechnology





CT Simulator EvaluationCT Simulator Evaluation

•• TaskTask
–– Radiation and Radiation and 

patient safetypatient safety
–– CT dosimetryCT dosimetry
–– Evaluation of Evaluation of 

electromechanical electromechanical 
componentscomponents

–– Evaluation of image Evaluation of image 
qualityquality

•• Solution?Solution?
–– AAPM report number 39, AAPM report number 39, 
–– AAPM TG53 report AAPM TG53 report 
–– AAPM TG66 report AAPM TG66 report 

–www.impactscan.org



GenerationsGenerations

3rd Generation CT Scanner
• Fan Beam
• Rotate/Rotate



GenerationsGenerations

4th Generation CT Scanner
• Fan Beam
• Rotate/Stationary



XX--ray Tube ray Tube –– Historical LimitationHistorical Limitation
•• Heat generation Heat generation -- inefficiencyinefficiency
•• Large number of images per Large number of images per 

studystudy
–– DRR qualityDRR quality
–– Target delineationTarget delineation

•• Rapid study acquisition timeRapid study acquisition time
–– Spatial and temporal integrity Spatial and temporal integrity 
–– Motion artifactsMotion artifacts

•• Large heat anode storage Large heat anode storage 
ability (MHU): 5+ MHU tubesability (MHU): 5+ MHU tubes

•• Fast anode cooling rate Fast anode cooling rate 
(MHU/min)(MHU/min)



Image Generation Image Generation –– Single SliceSingle Slice

One Rotation – One Image



CT scanner CT scanner –– Single and multiSingle and multi--slice scanningslice scanning
•• Wider collimator widthsWider collimator widths
•• Post patient collimationPost patient collimation
•• Multiple area detectorsMultiple area detectors

–– 19921992 -- Elscint CT Twin Elscint CT Twin -- first CT first CT 
scanner capable of simultaneously scanner capable of simultaneously 
acquiring more than one transaxial acquiring more than one transaxial 
slice slice 

–– 19981998 –– Four major manufacturers Four major manufacturers 
introduce scanners capable of introduce scanners capable of 
scanning 4 slices simultaneouslyscanning 4 slices simultaneously

–– TodayToday -- 64+ slice scanners 64+ slice scanners 
commercially availablecommercially available



Multislice CTMultislice CT
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One Rotation – Multiple Images



Detector ConfigurationDetector Configuration
1616--Slice ScannerSlice Scanner

24 detector elements

8x0.75 mm4 x 1.5 mm 8x0.75 mm 4 x 1.5 mm

Courtesy Philips Medical Systems, Inc.



3mm 3mm 3mm 3mm 3mm 3mm 3mm 3mm

8 x 3mm collimation

TUBE

24mm collimation

3mm slice 
thickness

Detector ConfigurationDetector Configuration
1616--Slice ScannerSlice Scanner



CT scanner CT scanner –– MultiMulti--slice scanningslice scanning
•• Faster scan timesFaster scan times

–– 4 slice scanner example (8 times faster):4 slice scanner example (8 times faster):
»» multimulti: 0.5 sec/rotation and 4 slices/rotation: 0.5 sec/rotation and 4 slices/rotation
»» singlesingle: 1 sec/rotation and 1 slice/rotation: 1 sec/rotation and 1 slice/rotation

•• Lower tube heat loadingLower tube heat loading
–– Longer volume covered per rotationLonger volume covered per rotation

•• Improved temporal resolution Improved temporal resolution -- faster scan timesfaster scan times
•• Improved spatial resolution Improved spatial resolution –– thinner slicesthinner slices
•• Decreased image noise Decreased image noise –– more mA availablemore mA available



ResolutionResolution
•• The lower limit on slice thickness for most The lower limit on slice thickness for most 

single slice scanners in radiotherapy is 3 mmsingle slice scanners in radiotherapy is 3 mm
•• Often 5 and 8 mm slices were usedOften 5 and 8 mm slices were used
•• Multislice scanners can acquire 0.75 mm thick Multislice scanners can acquire 0.75 mm thick 

slices with equivalent scan parametersslices with equivalent scan parameters
•• Everything else being equal thinner slice Everything else being equal thinner slice 

thickness produces better DRRsthickness produces better DRRs



5mm Slices               3mm                           0.8mm

DRR Image QualityDRR Image Quality
• Everything else being equal, thinner slices produce better images
• Balance between large amounts of data and image quality



5mm Slices               3mm                                0.8mm

DRR Image QualityDRR Image Quality



DRR Image QualityDRR Image Quality

800 Images – 0.8 mm slice thickness



Image ReconstructionImage Reconstruction

•Voxel:
–Volume element representing the slice thickness or 
depth of the image.

–3 Dimensional

• X

• Y

• Z
X

Y

Z
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Isotropic ImagingIsotropic Imaging
•• Square isotropic Square isotropic voxelsvoxels X = Y = ZX = Y = Z
•• SubSub--millimeter slice millimeter slice thicknesthicknes
•• Multi Planar ReconstructionMulti Planar Reconstruction

–– SagittalSagittal
–– CoronalCoronal

•• Multi Planar Contouring Multi Planar Contouring 



Isotropic ResolutionIsotropic Resolution
•• MultiMulti--planar contouringplanar contouring

–– AxialAxial
–– SagittalSagittal
–– CoronalCoronal

•• Resolution the same Resolution the same 
in all three planesin all three planes

•• It does not matter It does not matter 
which plane is used which plane is used 
for contouringfor contouring



Isotropic ResolutionIsotropic Resolution



Data IssuesData Issues

•• Image viewing speedImage viewing speed
•• Network TrafficNetwork Traffic
•• Archiving Archiving 
•• Dose calculationDose calculation
•• Need tools to allow use of data without Need tools to allow use of data without 

compromise in treatment planning speedcompromise in treatment planning speed



MultiMulti--slice CT slice CT -- SpeedSpeed

•• Single slice scanner Single slice scanner –– 3030 secondsseconds
•• Multi slice scanner Multi slice scanner –– 22 to 4 to 4 secondsseconds
•• Dynamic CTDynamic CT
•• 4D CT4D CT
•• 5D CT5D CT
•• GatingGating
•• Tumor motionTumor motion



MultiMulti--slice CT slice CT -- Dynamic CTDynamic CT

Approximately – 7000 images



MultiMulti--slice CT slice CT -- Dynamic CTDynamic CT



MultiMulti--sliceslice CTCT-- mAsmAs
•• mAs mAs –– proportional to number of photonsproportional to number of photons
•• Number of photons affects noise (image quality)Number of photons affects noise (image quality)
•• Single slice scanner Single slice scanner –– 150 to 300 mAs150 to 300 mAs
•• Multi slice scanner Multi slice scanner –– up to 2000 mAsup to 2000 mAs
•• Increasing mAs increases patient dose from a CT scanIncreasing mAs increases patient dose from a CT scan
•• Increase in dose is a significant concern in diagnostic Increase in dose is a significant concern in diagnostic 

scanningscanning
•• Dose from a CT scan is insignificant compared to Dose from a CT scan is insignificant compared to 

therapy dosetherapy dose
•• Can take advantage of available mAs in radiotherapy Can take advantage of available mAs in radiotherapy 

scanningscanning



Contrast ResolutionContrast Resolution
– A measure of a scanners 

sensitivity, or the ability to 
discriminate small changes 
in density

– Soft tissue contrast
– Affects ability to 

contour structures

200 mAs 1000 mAs



200 mAs 300 mAs 400 mAs

600 mAs 700 mAs 1000 mAs



300 mAs 1000 mAs



Spatial ResolutionSpatial Resolution
•• Rows and columns form Rows and columns form 

a matrix.a matrix.
–– 512x512512x512
–– 768x768768x768
–– 1024x10241024x1024



Image ReconstructionImage Reconstruction
•• Pixel:Pixel:

–– Picture element representing both the density and area of Picture element representing both the density and area of 
a small portion of the image.a small portion of the image.

–– Size is very important! Size is very important! 
–– Pixel size = Field of View (FOC) divided by the display Pixel size = Field of View (FOC) divided by the display 

matrix.matrix.
–– 480/512 = 480/512 = 0.94 mm0.94 mm
–– 300/512 = 300/512 = 0.59 mm0.59 mm
–– 480/1024 = 480/1024 = 0.47 mm0.47 mm
–– 300/1024 = 300/1024 = 0.29 mm0.29 mm

X

Y



ResolutionResolution

Low resolution High resolution



CT scanner CT scanner –– Bore sizeBore size
85 cm Bore Opening85 cm Bore Opening 70 cm Bore Opening70 cm Bore Opening



CT scanner CT scanner –– Bore sizeBore size

Patient SizePatient Size



CT scanner CT scanner –– Bore sizeBore size

Mantle Field



CT Time LineCT Time Line
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Paradigm ShiftParadigm Shift

•• CT scanners used to be made for CT scanners used to be made for 
diagnostic radiology and then modified diagnostic radiology and then modified 
for radiotherapyfor radiotherapy

•• There are new CT scanners that were There are new CT scanners that were 
specifically designed for radiotherapy specifically designed for radiotherapy 

•• Or they have special features that are Or they have special features that are 
designed for radiotherapydesigned for radiotherapy



CT Scanner SelectionCT Scanner Selection
•• Small Bore vs. Large BoreSmall Bore vs. Large Bore

–– Patient populationPatient population
–– Conventional simulator availabilityConventional simulator availability
–– The question will The question will (has)(has) become:become:

»» How large?How large? (80, 82, or 85 cm)(80, 82, or 85 cm)
•• Single Slice vs. Multi SliceSingle Slice vs. Multi Slice

–– DRR qualityDRR quality
–– Image qualityImage quality
–– 4D CT4D CT
–– The question will The question will (has)(has) become: become: 

»» How many?How many? (2, 4, 6, 10, 16, 40, … cone beam) (2, 4, 6, 10, 16, 40, … cone beam) 



Commissioning and QACommissioning and QA



Geometric AccuracyGeometric Accuracy



TasksTasks

––Radiation and patient safetyRadiation and patient safety
––CT dosimetryCT dosimetry
––Evaluation of electromechanical Evaluation of electromechanical 

componentscomponents
––Evaluation of image qualityEvaluation of image quality



Radiation and Patient safetyRadiation and Patient safety

•• Patient SafetyPatient Safety
–– InterlocksInterlocks
–– ElectromechanicalElectromechanical
–– Door InterlockDoor Interlock
–– CTDICTDI

»» DefinitionDefinition
»» Multislice CTMultislice CT

•• Radiation SafetyRadiation Safety
–– Workload Workload –– potential pitfallpotential pitfall

»» Significant increaseSignificant increase
»» Shielding designShielding design
»» NCRP 147NCRP 147
»» Radiation surveyRadiation survey



Electromechanical ComponentsElectromechanical Components

•• XX--ray Generatorray Generator
•• Gantry AlignmentGantry Alignment
•• Table Alignment/AccuracyTable Alignment/Accuracy
•• Laser Alignment/AccuracyLaser Alignment/Accuracy



Electromechanical ComponentsElectromechanical Components
xx--ray Generatorray Generator

•• Need a nonNeed a non--invasive invasive 
metermeter

–– kV accuracykV accuracy
–– Timer accuracyTimer accuracy
–– mAmA linearitylinearity
–– HVL HVL 

measurementsmeasurements



CT Simulator Mechanical CT Simulator Mechanical AlignemntAlignemnt



Electromechanical ComponentsElectromechanical Components
Gantry Alignment/AccuracyGantry Alignment/Accuracy

•• Gantry tilt accuracyGantry tilt accuracy
•• Gantry verticalGantry vertical

–– Imaging plane Imaging plane 
orthogonal to the couch orthogonal to the couch 
toptop

•• Gantry vertical Gantry vertical 
placement placement 
reproducibilityreproducibility

–– Especially important for Especially important for 
dual purpose scannersdual purpose scanners



Electromechanical ComponentsElectromechanical Components
Table Alignment/AccuracyTable Alignment/Accuracy

•• Tested with weightTested with weight
–– SettleSettle
–– SagSag

•• Tabletop motion Tabletop motion 
orthogonal/parallel with orthogonal/parallel with 
the imaging planethe imaging plane

•• Table positional Table positional 
accuracy/reproducibilityaccuracy/reproducibility

–– VerticalVertical
–– LongitudinalLongitudinal



Electromechanical ComponentsElectromechanical Components
Laser Alignment/AccuracyLaser Alignment/Accuracy

•• Lasers orthogonal/parallel Lasers orthogonal/parallel 
with the imaging planewith the imaging plane

•• Lasers spacingLasers spacing
•• Laser positional accuracyLaser positional accuracy

–– AbsoluteAbsolute
–– LinearityLinearity
–– ReproducibilityReproducibility

•• Coordinate system Coordinate system 
orientationorientation



Image Quality IndicatorsImage Quality Indicators

•• QuantitativeQuantitative
–– Phantom MeasurementsPhantom Measurements

»» High ContrastHigh Contrast
»» Low ContrastLow Contrast
»» UniformityUniformity
»» Spatial IntegritySpatial Integrity
»» ArtifactsArtifacts
»» Slice thicknessSlice thickness
»» CT # accuracyCT # accuracy

•• QualitativeQualitative
–– Physician PreferencesPhysician Preferences

»» TumorTumor
»» Normal StructuresNormal Structures
»» DRR/DCR ObjectsDRR/DCR Objects
»» WorkflowWorkflow
»» Customized protocolsCustomized protocols



Image PerformanceImage Performance

CTP401 CTP515

CTP486CTP528CTP445

Catphan 500



Resolution (High Contrast)Resolution (High Contrast)

•• Ability of the system Ability of the system 
to record separate to record separate 
images of small images of small 
objects that are objects that are 
placed very close placed very close 
togethertogether



Subject Contrast (Low Contrast)Subject Contrast (Low Contrast)

•• Ability of a system Ability of a system 
to resolve adjacent to resolve adjacent 
objects with small objects with small 
density differencesdensity differences

•• Noise limitedNoise limited



Field of View (FOV)Field of View (FOV)

60 cm



UniformityUniformity



True vs. Extrapolated FOVTrue vs. Extrapolated FOV

From impactscan.org report 05071



Evaluation of Extrapolated FOVEvaluation of Extrapolated FOV

From impactscan.org report 05071



Image Performance EvaluationImage Performance Evaluation



Evaluation of CT Simulation SoftwareEvaluation of CT Simulation Software

•• What is CTWhat is CT--simulation Softwaresimulation Software
•• Image input verification (data transfer)Image input verification (data transfer)

–– OrientationOrientation
–– Spatial accuracySpatial accuracy

•• Structure delineationStructure delineation
•• IsocenterIsocenter calculation and movementcalculation and movement
•• Output parameters and connectivityOutput parameters and connectivity



Dynamic Dynamic DCRsDCRs



Dynamic DRRDynamic DRR



ConclusionsConclusions

•• CT will remain the primary imaging modality in CT will remain the primary imaging modality in 
radiotherapy radiotherapy 

•• CT simulator only departmentsCT simulator only departments
•• Large bore multislice CT will become standard Large bore multislice CT will become standard 

scanners for radiotherapyscanners for radiotherapy
•• Existing documents (Report #39, tG66, TG53) are Existing documents (Report #39, tG66, TG53) are 

a good foundationa good foundation
•• New CT scanning capabilities/parameters  can be New CT scanning capabilities/parameters  can be 

evaluated with the existing recommendationsevaluated with the existing recommendations


