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General

· Mention specific machines

Modalities
1. Planar Imaging 

1. Film Cassette System 

· High DQE 

· Requires film and processor 

· H&D Curve: log of optical density to log of exposure

· Latitude/Dynamic Range:  range of exposure above under exposed and below saturated 

· Speed:  Fast film reaches an optical density at a lower exposure then a slow film

2. Flat Panel Imager 

· Convenience of digital imaging 

· Slight loss in resolution 

· Can window level easily

2. CT 

· 3D imaging 

· Air = -1000,  water = 0    Dense bone = +1000 

· Backprojection:  Reverse tracing of detector signal along the path of the source to create axial image 

· Filtered Backprojection:  raw data is mathematically filtered before backprojection.  Reduces image blurring.  

· Creation of DRRs 

· Quality limited by slice thickness 

· Simulates a kv film by tracing from a theoretical SID to match films taken on treatment machine 

· Allows for trial and error in planning in dosimetry  

·     
· Allows for hetero dose calcs 

· High special fidelity 

· Pitch = Table motion per rotation / Collimator width 

· CBCT:

· resolution of approximately 6lp/mm

· contrast resolution of 1.0% 

· Photon output is proportional to mAs and kvp^2.5

· Thicker slices is more N per slice so better SNR but less S/I resolution

· 4D CT

· Discuss wave form and amplitude binning vs phase binning 
·  MRI

· Sequences 
· T1 
· Gradient Echo Sequence
· Typical series with Gadolinium contrast 
· Water is dark, tissue is light
· T2
· Spin Echo Sequence 
· Fluid is white, tissue is dark.  Check ventricles or eyes 
· Good for pathology and locating gliomas 
· Flair
· Fluid Attenuation Inversion Recovery 
· A modified T2 sequence with the fluid turned dark 
· Used to differentiate fluid from other fluid like materials. 
· Used to diagnose MS 
· Lower spatial fidelity then CT, difficult to measure spatial problems.  Better at the center of the scan 
· Pixel values do not correlate to electron density so cannot be used for hetero calcs (in a non-research setting) 

· Ultrasound 

· Prostate brachytherapy and localization 

· Monthly QA for localization systems including baseline image quality and accuracy 

· Brachytherapy:  Image quality checked annually and grid checked position with vertical bucket test

· Different materials have different speed of sound so there are reflections at interfaces

· Air causes a huge reflection which blocks all signal behind the air

· Prostate probe operates at about 3-5MHz

· PET 

· Imaging of metabolic activity 

· Signal comes from annihilation coincidence detection 

· F-18: positron emission, half life = 110min  

· Nucleus emits a positron which quickly annihilates into two 511keV photons.

· Resolution is limited 

· spatial resolution of detectors 

· distance traveled by positron before annihilation 

· annihilation photons are not emitted in exactly opposite directions from each other

· Attenuation Correction 

· Corrects for the uneven attenuation in different positions in the patient where the decays occur 

· 511keV photons have only a 15% chance of exiting tissue 20cm thick  

· Can be measured from a source in the scanner or by using the CT scan if the system is a PET/CT combination

· SUV = A calibrated uptake value in the image so the gray scale is comparable to trials and data

· [image: image1.png]STV = c(t)
" injected dose(ty) | body weight




· Brain, Bladder, Heart, and Kidney all have some uptake at normal metabolic rates

· EPID 

· Typically based on amorphous silicon mounted onto a glass substrate. 

· This type of flat-panel sensor uses thin films of silicon integrated with arrays of photodiodes. 

· These photodiodes are coated with a crystalline cesium iodide scintillator or a rare-earth scintillator (Terbium-doped Gadolinium dioxide sulfide). 

· When these scintillators are struck by X-rays, visible light is emitted proportional to the incident X-ray energy. 

· The light photons are then converted into an electric charge by the photodiode arrays. 

· kV panel contains a 10:1 anti-scatter grid 

· MV detector has a 1mm copper sheet to attenuate lower energy scatter 

· Other then ant scatter grid and 1mm metal sheet the MV and KV detectors are nearly similar (different calibrations)

 

Detector Table   

	Imager 
 
	Detector 
 
	Direct/Indirect 
 
	Notes 
 

	Film/Cassette 

 
	Gadolinium to film 

 
	Ind 

 
	Low Dose 

 

	Film 

 
	film 

 
	Dir 

 
	High Dose, high resolution 

 

	CR 

 
	Barium Flourohalide 

 
	Ind 

 
	Panel is activated via a moving 

laser and emits visible light which 

is read by a PMT 

 

	CCD 

 
	Chips 

 
	Ind 

 
	Small size limits use 

 

	Flat Panel 

 
	TFT 

 
	Either 

 
	EPIDS 

 

	CT 

 
	Scintillator to photodiode 

 
	Ind 

 
	 

	PET 

 
	Scintillator to PMT tube 

 
	Ind 

 
	Multiple detectors to one 

PMT 

 


Image Fusion
1. Point Based 

· Fiducials 

· Typically requires human interaction 

· Not accurate due to limited points of comparison and human error 

2. Structure Based 

· Structures typically have to be generated via human interaction 

· External contours can be used but can be misleading depending on patient position 

3. Information Based
· Cross Correlation 

· Best for same modality fusion 

· Analyzes differences in pixel values and creates an objective function based on sum of differences 

· Optimizes the registration to minimize the objective function 

· Mutual Information Theory 

· Algorithm typically used for fusion of different modalities (MRI and CT 

· Most common algorithm in today's software 

· Uses the probability distribution of the grey scale values and works to gleen information from set B by including information in set A  

· Used by Varian in OBI software 

· The MI, originating from the information theory, is a measure of statistical dependency between two data sets and it is particularly suitable for registration of images from different modalities.  

· MI between two random variables X and Y is given by [image: image2.jpg]MI(X. ¥) = H(Y) = HYIX) = HX) + H(Y) = HX.Y),

where H(X) = —Ey(log(P(X))) represents entropy of ran-
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· The method is based on the maximization of MI and the minimization of joint entropy 

· Using mutual information instead of joint entropy gives a weighting factor to the optimization 

· Often the speed up of the registration is implemented exploiting the coarse-to-fine resolution strategy (the pyramidal approach). 

CT Sim QA  
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· CTDI measured annually and should be within 20% of manufacturer's stated values 

· Measured at periphery and at center of phantom.  Can have a head and a thorax phantom

Daily
· Lasers 
· CT# Accuracy of water +/- 5HU and noise

Monthly
· Laser/couch motion 
· Laser and CT iso agreement

Annually
· Slice thickness

· Measured using a 23 degree angled rod.  Measure length of the rod and then use trigonometry to determine size of image plane. 
· High contrast resolution:  Bar pattern 
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· Low contrast detectability:   
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· HU values for water 
· CT to Density phantom confirmation

 

CT to Density Phantom
· Best to have a CT to Density table for all scanners used in treatment planning (assuming you are using the heterogeneity correction) 

· Should be measured using a typical CT protocol that will be used for patient scanning 

· Define ROI's around the different density plugs and create a table of the electron density (from phantom manufacturer) vs mean HU number in the TPS. 

· Important to use the TPS because Pinnacle adds 1000 to the HU numbers to avoid negative numbers 

· Should be verified as part of CT Sim annual QA 

· CT numbers max out at 4095 so be careful of scanning plugs with a density high enough to max out the CT scanner dynamic range  

Image Quality Measures
MTF
· The point spread function blurs a signal in an imaging chain.  Therefore, as the frequency in a pattern increases, the max and min of the image pattern is reduced. 
· Can be used to analyze each step of the imagine process because the total MTF is the product of the MTF of the individual components

DQE
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Resolution
· Point Spread Functions:  How a system produces a signal from a single tiny beam.  Should be spread out, the larger the spread the less resolution will be possible 
· Magnification can be used to off set resolution 

Contrast
· [image: image8.png]


 where A and B are signal intensities of two objects
· Can also be described by contrast to noise [image: image9.png]


 where noise is the denominator

SNR 
· Is the ratio of the total signal to the noise (or non-usable signal). 
· [image: image10.png]SNR=\N




· SNR of about 5 is required for detectability 
· Quantum Sink: Location in the imaging chain where the SNR is degraded the most

Dose in Imaging 
· Goal is to get clinically usable images while minimizing patient dose
· Cyberknife = 0.25mGy per image
· Elekta and Varian kV images = 1mGy/image
· CBCT = 1-3cGy/scan
· CT:  3-5cGy/scan    4D CT:  10cGy/scan

 
Photoelectric Effect vs Compton Scatter in Imaging
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· low energy imaging has higher soft tissue contast due to photoelectric effect.

· however, low energy imaging is higher attenuated so SNR decreases for same exposure

·  [image: image12.png]C'omptonScattering ~ electrondensity




· Not as big of an effect on the material itself so not a good imaging tool.  Why MV doesn't image soft tissue.

 

TG Reports
· TG66:  CT-Sim

· TG75:  Dose in IGRT

· TG192:  Ultrasound QA

· TG142:  New QA recommendations
· TG104:  Role of kV imaging

 

Workflow
· On-Line is acquiring images and making adjustments before the patient is treated

· Off-Line is acquiring images and treating.  Images are reviewed before next treatment and changes are made if necessary

