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Radiation Detection

· Two main types of detectors are used in nuclear medicine: 
· Gas-filled detectors = nonimaging instrument

· scintillators = imaging instruments.

Gas-Filled Detectors

· Container of gas with two electrodes:

· one positive (the anode) 

· one negative (the cathode)

· When ionizing radiation produces ion pairs in the gas, the resulting free electrons are attracted to the anode 

· Positively charged gas molecule ions are attracted to the cathode.  

· An ion pair is the positively charged gas molecule ion and the free electron that came from it
· Movement of charge produces an electrical signal from the detector.

· Commonly used gases include helium, neon, argon, hydrogen, vapors, and air.  
· Gases that have a high affinity for electrons, such as oxygen or halogens, are not used, because these would compete with the anode for the free electrons.

· Types of gas-filled detectors: 
· ionization chambers

· proportional counters

· Geiger-Mueller detectors
· Ionization chamber is its two collecting electrodes: the anode and cathode (the anode is positively charged with respect to the cathode). 
· In most cases, but not all, the outer chamber wall serves as the cathode. 
· The potential difference between the anode and cathode is often in the 100 to 500 volt range. 
· The most appropriate voltage depends on a number of things such as the chamber size (the larger the chamber, the higher the required voltage).

· A proportional counter is a measurement device to count particles of ionizing radiation and measure their energy.

· Geiger Mueller detector is its two collecting electrodes: the anode and cathode (the anode is positively charged with respect to the cathode).
· In most cases, the outer chamber wall serves as the cathode. 
· The potential difference between the anode and cathode is usually in the 800 to 1200 volt range. 

There are three basic GM detector designs: Side Window (cylindrical)

1. End Window
2. Pancake

3. Side Window (thin/thick walled cylindrical) GM

· A cylinder (often 446 stainless steel) serves as the cathode 
· wire (usually tungsten) running along the central axis serves as the anode

· primary application of the side window GM is the measurement of gamma exposure rates. 
· thin enough to permit higher energy betas (>300 keV) to be counted.

· The density thickness of a typical thin walled cylindrical GM is 30 mg/cm2. 
· The density thickness (aka aerial density) is a convenient way to describe the thickness of very thin materials  - it is the product of the material’s density (mg/cc) and its thickness (cm). To measure it, weigh one square centimeter of the material
· The pressure of the gas inside the GM detector is usually a few tenths of an atmosphere. 
· By reducing the pressure below atmospheric, the strength of the electric field necessary to reach the Geiger-Mueller region, and hence the required operating voltage, is lowered. 
· The reduced pressure also increases the drift velocity of the positive ions towards the cathode and thereby reduces the dead time.
· The gas of a Geiger Mueller detector consists of two components: a fill gas and a quench gas.  
· The fill gas is usually neon but other gases are sometimes used, e.g., helium, argon, or krypton. 
· There are two main types of quench gas: halogen quench gases and organic quench gases Chlorine is the most common halogen quench gas, but bromine is also used. 
· Although the textbooks usually mention alcohol as an example of an organic quench gas, isobutane is far more common. 
· A halogen-quenching agent is used if the fill gas is neon, argon or krypton, while helium filled tubes usually employ an organic quench gas. 

Dose calibrators

· A dose calibrator (radioisotope calibrator) is a device used in radiological research that measures the total amount of a radiation nuclide units of curies (Ci) or millicuries (mCi), or in theSI units becqurels (Bq) with an appropriate prefix. 
· It consists of a hollow, lead shielded cylinder, in which samples of radionuclides are lowered for measurement. 
· It can be programmed for 8 specific isotopes, or adjusted by dial for isotopes not in the program. 
· It is commonly used to obtain quick measures of the total radioactivity of isotopes prior to administration to patients and animals, or further processing in chemical synthesis. 
· Dose Calibrators are Shielded Ion chambers with preset settings(which can be manually adjusted) for specific isotopes, which can give an apporximate yet prompt reading based upon the preprogramed settings. 
· It is very useful in the clinical environment due to its immediate readings.

Spatial Resolution and Sensitiv
· Spatial resolution is the amount by which a system smears out the image of a very small point source or a very thin line source of radioactivity.
· Resolution is the full width at maximum of the point or line spread function and is expressed 
in millimeters.  
· It can be increased by using smaller holes or by making the collimator longer.

· Sensitivity is the overall ability of the system to detect the radioactive emissions from source.

· The higher the sensitivity the greater the detection for gamma rays or x-rays.

· General all purpose (GAP) collimators is defined as a compromise between high resolution and high sensitivity. Equations for parallel-hole collimators are:
· Resolution = Diameter (Length + distance / 

Length)

· Sensitivity = (Diameter / Length)2 / 
(Diameter / 
Diameter + Thickness)2
· To estimate total resolution from intrinsic, collimator, scatter, and patient resolution is:
· RT = RI2 + RC2 + RS2 + RP2
· The possible increase in spatial resolution and sensitivity with magnification is sometimes exploited in single photon emission computed tomography.
Crystals

· Crystals are characterized by one-fourth to five-eighth inches thick. 
· The most common thickness is three-eighth to one-half inches. 

· The thicker the crystal is the higher the probability of an incoming photon will interact, deposit its energy, and be detected.  
· Also the thicker the crystal is the poorer the spatial resolution.

· Crystals that are three-eighth to one-half inches detect gamma rays above 200 keV.  
· One inch thick crystal has a trade name of "Starbright" and increased sensitivity for medium-energy photons and high-energy photons usually range from 50% to 100%.

Positioning Logic

· Anger cameras have an array of PMTs coupled to the scintillation crystal.  If the amount of PMTs increase, the better the linearity and the spatial resolution.

· When the scintillation process begins, each 
PMT produces an output pulse and the PMTs that are closet to the scintillation event produces the greatest output pulses.  
· Based on a centroid which is the center of mass, the combination of pulses from each PMTs results in higher resolution coordinate of gamma ray location.  The equation for a 
centroid is:

· x = Ex1T / ET1

Energy Discrimination
· The scintillation camera goal is to create an 
image that portrays the distribution of radioactivity within a patient.  
· Used by the pulse-height analyzer, the z pulse discriminates against the scattered photons. 
· The pulse-height analyzer is used for setting up windows around the photopeak.

Camera Calibrations

· Nonuniformity in camera detectors exists because of spatial distortion.  
· In state-of the-art uniformity corrections are carried out with many factors after spatial distortion and 
spatially dependent energy response corrections have been applied.  

· Correction of camera nonuniformity is due to reference images and digital correction maps.  
· Energy corrections are applied to an image as a scintillation event.  
· Linear corrections shift the scintillation event location slightly in a certain way and by a certain amount for various locations over the crystal.
Image Formation

· There are two ways that an image can be formed.  
· photographic image 
· digital image.

· Photographic image formation:  

· formed during acquisition.  Each z pulse that passes through the pulse-height analyzer is associated with x and y pulses.  

· The x and y pulses are then used to position a dot of light on the CRT.

· The image is produced by a cathode ray tube (CRT).  The photographic film is the most frequently used media.  Once the film is developed an image of distribution of radioactivity is obtained.  

· A photographic camera is mounted on the CRT, while the shutter is left open during the entire image of the acquisition period. 

· Digital image formation:  signals x and y from the Anger camera are  entered into the computer in real time during image acquisition.  

· There are two acquisition modes, 
· frame mode acquisition which is a digital image of data that is built in computer memory as signals are received 
· list mode acquisition which the signals are transferred to a computer memory in the form of a list of coordinates.
SOLID-STATE AND PIXELLATED CAMERAS

· Cadmium zinc telluride (CZT) is a semi-conductor or solid-state material that is different from an Anger scintillation camera. 
·  CZT has no scintillation event.  
· It's detection is based on the collection and protection of electron-hole pairs.  CZTs are pixellated meaning the view is discrete and consist of individual detector elements.

EMISSION COMPUTED TOMOGRAPHY

· Tomography means producing a picture of a section or slice through an object.  It is performed by transmitting x-rays, measuring proton density, or by tomographically determining the distribution of radioactivity in a patient.

· Emission computed tomography is the producing of pictures of the distribution of radioactivity in a slice through a patient.  Presently ECT use transaxial approaches including SPECT and positron emission tomography (PET).

Single Photon Emmision Computed Tomography


· SPECT is known as a true transaxial 
tomography with a standard nuclear medicine radiopharmacuetical that emits a single photon 
on decay.  It is performed with specialized ring, or rotating Anger camera, or partial ring detector systems.  Presently multidetectors are common because they provide increased sensitivity.  
· Reconstruction:  when reconstructing a slice 
each projection needs to be a one dimensional linear scan of the object.  The essence of the reconstruction is smearing back into the 
reconstruction space of each projection and maintaining the correct angular offset.

· Filtering:  a back-projection results in a 
blurred image, with streaks emanating from high activity called "star" artifact.  In 1917, Radon was the first on to understand mathematics of reconstruction.     

· The ramp filter also known as a "perfect" filter, 
boosts the power of higher spatial frequencies.  Trade offs between noise reduction and preservation of spatial resolution is what represents ramp filters.  Filtered is ideal for CT but cannot incorporate the physics of SPECT and PET that is needed.

· Multidetector SPECT:  Manufacturers are producing SPECT systems with two or more detectors by trying to increase the sensitivity. 

· Optimizing acquisition:  Studies have shown 
that Anger cameras must have a meaningful 
performance for an adequate SPECT than for adequate planar imaging.
Dedicated Cardiac Cameras

· Dedicated cardiac cameras can be constructed to an upright position allowing patients to become comfortable with the detector which surrounds 180 degrees of a patient’s chest.  


· These systems have high sensitivity which causes a reduction in image times.  One camera uses a curved array of detectors which has an inner arc of lead and provides collimation.  The other camera incorporates 10 small modular detectors which views the heart region.
Scintillation Detectors

· The most commonly used detector in nuclear medicine is the scintillation detector.  
· This type of detector is based on the property of certain crystals to emit light photons (scintillate) after deposition of energy in the crystal by ionizing radiation.  

· Pulses of light emitted by the scintillating material can be detected by a sensitive light detector, usually a photomultiplier tube (PMT). The photocathode of the PMT, which is situated on the backside of the entrance window, converts the light (photons) into so-called photoelectrons. The photoelectrons are then accelerated by an electric field towards the dynodes of the PMT where the multiplication process takes place. The result is that each light pulse (scintillation) produces a charge pulse on the anode of the PMT that can subsequently be detected by other electronic equipment, analyzed or counted with a scaler or a rate meter. The combination of a scintillators and a light detector is called a scintillation detector/
· Since the intensity of the light pulse emitted by scintillators is proportional to the energy of the absorbed radiation, the latter can be determined by measuring the pulse height spectrum. This is called spectroscopy. To detect nuclear radiation with certain efficiency, the dimension of the scintillators should be chosen such that the desired fraction of the radiation is absorbed. For penetrating radiation, such as g-rays, a material with a high density is required. Furthermore, the light pulses produced somewhere in the scintillators must pass the material to reach the light detector. This imposes constraints on the optical transparency of the scintillation material.

· When increasing the diameter of the scintillators, the solid angle under which the detector "sees" the source increases. This increases detection efficiency. Ultimate detection efficiency is obtained with so-called "well counters" where the sample is placed inside a well in the actual scintillation crystal.

· The thickness of the scintillators is the other important factor that determines detection efficiency. For electromagnetic radiation, the required thickness to stop say 90 % of the incoming radiation depends on the X-ray or g -ray energy. For electrons (e.g. b-particles) the same is true but different dependencies apply. For larger particles (e.g. a-particles or heavy ions) a very thin layer of material already stops 100 % of the radiation.

· The thickness of a scintillator can be used to create a selected sensitivity of the detector for a distinct type or energy of radiation. Thin (e.g. 1 mm thick) scintillation crystals have a good sensitivity for low energy X-rays but are almost insensitive to higher energy background radiation. Large volume scintillation crystals with relatively thick entrance windows do not detect low energy X-rays but measure high-energy gamma rays efficiently.

Spectrometry

· Measurement principles.  The size, or height, of each pulse from the PMT is proportional to the energy deposited in the crystal by ionizing radiation.  

· As with gas-filled detectors, the number of pulses coming from the detector per unit time is related to the activity of the source.  Scintillation spectrometry, or pulse-height analysis, refers to the use of a scintillation counting system to obtain an energy spectrum from a radioactive source.  

· This energy spectrum is simply a histogram of pulse height (which is proportional to the energy deposited in the crystal) on the x-axis versus the number of pulses with a given pulse height on the y- axis.  

· This spectrum is a function of the energies of the x-rays or gamma rays emitted by the source and the interactions of these radiations in the crystal.  

· This spectrum has two main features: a broad range of energies called the Compton plateau, and a peak at the highest pulse heights or energies called the photo peak.  

· The broad plateau is produced by Compton scatter interactions in the crystal.  

· The right-most limit of this plateau, called the Compton edge, represents Compton interactions in which the incoming x-ray or gamma ray is backscattered 180 degrees in the crystal, thus depositing the maximum energy possible in a Compton interaction.

Uses (well counter and uptake probe)

· Spectrometer systems are generally used to determine which radionuclides (and their amount) are present in a mixed sample or to determine how much activity of a known radionuclide is present in a sample.  

· To assay the amount of radioactivity in a test tube, a well counter is commonly used.  This counter consists of cylindrical, lead-shielded, sodium iodide detector 1 to 3 inches in diameter, containing a hole passing through the lead and part way through the crystal.  

· A test tube containing the radioactive sample can be placed in the crystal “well”.  Because the crystal surrounds the test tube on all sides except the top, the counting geometry is very close to optimum.  

· To count radioactivity in a person, a probe system is often used.  The probe consists of a sodium iodide crystal with PMT, electronics, and a collimator.  

· This collimator is a piece of lead with a large hole in it.  Its purpose is to limit the field of view of the crystal so that the probe detects activity only from a defined volume in space in front of it.

Liquid Scintillation Counting

· The process of liquid scintillation involves the detection of beta decay within a sample via capture of beta emissions in a system of organic solvents and solutes referred to as the scintillation cocktail. 

· This mixture is designed to capture the beta emission and transform it into a photon emission, which can be detected via a photomultiplier tube within a scintillation counter. 

· The cocktail must also act as a solubilizing agent, keeping a uniform suspension of the sample. 

The scintillation counting system consists of three primary components: an organic solvent, and the primary fluor, and a secondary fluor.

Factors Affecting Count Rate

· For both gas-filled and scintillation detectors, the size of each pulse (pulse height) is related to the energy deposited in the detector during the passage of a single ionizing particle or x-ray or gamma ray through the detector (except for detectors operated in the Geiger-Mueller region, where the pulses are always the same, large size).  

· The number of pulses produced per unit time (pulse rate) is proportional to the amount of radioactivity in the source.  Typically, pulses of certain sizes are counted, and these data are used to represent relative activity. 

· In practice, the observed count rate from a detector is typically less than the actual disintegration or decay rate of the radioactive source.

Time

· First, after the deposition of energy in the detector by an alpha, beta, x-ray, or gamma ray, it takes a certain amount of time for the detector’s response to occur.  
· During the time that it takes to process an electrical pulse from any type of detector, the system is often unable to process another pulse, so this period so referred to as the resolving time or dead time.
Efficiency

· Second, the efficiency of any radiation detector system is defined as: knowing the efficiency of a detector system therefore allows us to measure the cpm and to calculate the exact quantity of radioactivity in disintegrations per minute (dpm).

Geometry

· Third, the geometry, it takes into account the inverse square law.  The greater the distance between the source and the detector will equal lower the absorbed count rate.  

· The count rate is changed by the square of the change in distance.

Attenuation

· The fourth factor is attenuation of the radioactive emissions, either self-attenuation in the source itself or attenuation in the medium between the source and the detector.

· Random decay

· The preceding factors are deterministic in nature.  One final factor is the random nature of radioactive decay itself.  Radioactive decay is governed by Poisson statistics.  In the Poisson distribution, the mean and variance are equal. Thus the coefficient of variation decreases as the mean increases.  In the case  of nuclear medicine, the “mean” is the total number of observed decays )i.e.., the total acquired counts).  The greater this number, the better the statistical precision of the measurement.  This statistical nature of decay is also the primary source of image noise.

Anger Scintillation Cameras

· Hal Anger of Donner Laboratory, University of California at Berkeley, invented the Anger scintillation camera in the late 1950’s.

· Scintillation cameras are the most commonly used imaging instruments in nuclear medicine today.  

· The complete Anger camera system consists of a lead collimator, a 10- to 25-inch circular square, or rectangular sodium iodide scintillation crystal, an array of PMTs on the crystal, a positioning logic network a pulse height analyzer, a scale-timer, and a computer for image acquisition, processing, and display.  

Collimators

· A collimator is typically a ½ to 2 inch thick piece of lead with a geometrical array of holes in it, and it has dimensions that are slightly larger than the scintillation crystal.  

· The pinhole collimator is an exception to this general description.

Types of Collimators

· Parallel whole collimators must be designed to image at a specific energy.  High-energy collimators (capable of imaging energies up to 364keV) must have thick speta between the holes to absorb off axis gamma rays (those rays not coming directly in at 90 degrees to the plane of the crystal).

· Medium-energy collimators usually image photons up to 280keV and are therefore selected to image In111 and Ga67.  The septal thickness is significantly thinner than the high-energy collimator, and the whole size is about 1 mm and the hoe length around 4 to 5cm.

· Low-energy collimators are created to image radionuclides with energies up to 140keV and are therefore useful with Tc99m, Tl201, and Xe133.  The septa need only be about 0.1mm thick and the whole size less than 1mm.

· Converging collimators have an array of tapered holes that aim at common point at some distance in front of the collimator; this point is called the focal point.

· Diverging collimators are essentially upside-down converging collimators.  They have an array of tapered holes that diverge from a hypothetical focal point behind the crystal.  The image presented to the crystal face is a minified image of the real object.

· Pinhole collimators are thick conical collimators with a single 2- to 5-mm hole in the bottom center. As a source is moved away from the front of a pinhole collimator, the camera image gets smaller.

· Other types of collimators have more specialized functions.  A single-axis diverging collimator is used for whole body scanning when the transverse field of view of the camera is smaller than the patient’s width.  

· This collimator has diverging holes in the transverse direction, but has parallel holes in the axial direction. 

· A fan-beam collimator is a combination of a parallel-hole collimator (along one axis) and a converging collimator (along the other axis).  It is used in some tomographic studies, such as brain SPECT studies.

Positron Emission Tomography

· PET scanning: 

· “electronic collimation” of coincidence counting reduces need of lead collimation & increases sensitivity.

· Antimatter electron = positron emitting radionuclides only

· Travels short distance

· Deposits kinetic energy + meets a free electron = Annihilation occurs

· Law of conservation = 2 511 kev annihilation photons, 180° in opposite directions 

· Pair detected by a surrounding ring of detectors and electronic couple opposing detectors at the same time. 

· Detection by opposing detectors= annihilation at the line that joins detectors and gives you direction of photon (no collimator). Increases sensitivity. 

· Raw PET scan = all line of coincidences

· Reconstruction = draw all lines, results in cross and superimpose activity in patient.

· Correction used with FBP or OS-EM: data sets reorganized into projections 

· Most common used radionuclides: 11C, 13N, 15O (all natural in organic molecules) and 18F (substitute for methane group).

SPECT/CT Camera Systems

· Hybrid beneficial in 2 ways:

1. provide measured attenuation map of body for correcting SPECT

2. create anatomically aligned images for image fusion.

· Patient in exact same position = smaller error 

· Two types of hybrids:

1. low dose CT system (attenuation correction maps)

2. high performance CT systems (diagnostic quality CT images for image fusion)

Effects of Resolution, Scatter, and Attenuation in ECT

 5 major factor effects images & accurate absorption: (planar imaging too)

1. attenuation of photons by tissue

2. transaxial spatial resolution & slice thickness

3. detection of scattered photons

4. accidental counting of non- paired photon in coincidence “random”

5. noise from radioactive decay

Resolution effects: Limited ability on small objects

· Separation in reconstructed image = distance (spatial resolution)

· 2 effects:

1. blurry image degree dependent on spatial image

Prevents delineation of edges on large structure block smaller images

Result: smeared averaged radioactivity, reduced high activity area and increased low activity area. 

2. Underestimation of radioactivity in small structures (progressive in smaller objects)

Correction: object 3X the resolution of scanner. “partial volume effects”  

Improve spatial arrangement 

Scatter effects: 

· Electromagentis radiation undergoes 2 interactions in patient:

1. Photoelectric effect: complete absorption of photon, reduces count rate

2. Compton scattering: Partial photon energy transferred to electron and the rest continues as photon with lower energy (change in direction travel).

· Large angle scatter = low level background “haze” with reduced contrast


Photons need to be filtered out by pulse heat analysis or software.

· Small angle scatter = photon may fall within pulse height analyzer window.

· Reducing scatter effects: reduce net number of counts & increase noise

1. narrower pulse height windows 

2. Subtraction of scatter from images.

· Large angle estimation = second scatter pulse height window (2 or 3 narrow windows surrounding photopeak)

· Primary photopeak estimated = interpolation or extrapolation from counts in “accessory” windows

· *Separate scanner must be taken into account with attenuation correction schemes.

Attenutaion Effects: 

· loss of photon by combination absorption (photoelectric) and scatter  (Compton scatter in patient exit in field of view)

· Underestimation of radioactivity from center of body by a factor of 4/5

· Correction: 

1. attenuation measured prior to SPECT or PET 

begin scan by transmitting photons from a point line, sheet, ring source one photon or positron alone and then through patient.

Attenuation experienced by radioactivity at each point with in body can be found.

2. uncorrected image is reconstructed and computer operator defines the body by ellipse or outline of body; average value obtained and dependent on tissue type.

Not accurate in torso by attenuation varies 

QUALITY CONTROL

· Based on all systems of measurement work accurate and are reliable.

· Standardized program of routine system: assessment for instrument performance. 

· Baseline level of performance also monitors continued performance of instrument.  

Survey-Meter Quality Control

· Radiation protection, measure exposure or count rate.

· Two types: Requires annual calibration & daily constancy testing (long lived radionuclides)

1. Ionizing chamber “cutie pie” high fluxes of gamma and x-rays.

2. Geiger-Muller counter low level surveys (higher sensitivity)

Accuracy: 

· Survey meters calibrated prior to first use, annually and after repair.

· Calibration two points on instrument (5% accuracy to national institute of standards & technology)

1. 1/3 

2. 2/3

· Activity to exposure

· E= AG/d2
E= measured exposure rate

A= activity of source

D= distance between source and detector

G= specific gamma constant

· Ionizing chambers = proportion to total energy deposited in chamber, directly proportional to exposure rate.  

· Geiger-Mueller counter photon energy used to calibrate is the same as measured source.

· Constancy: reference with long half life, initial measurement of source count rate or exposure rate at time of calibration .Must be within 10% of expected results.  

Dose- Calibrator Quality Control

· Quality control program procedures:

1. accuracy

2. constancy

3. linearity

4. geometric calibration

1. Accuracy: annually performed with 2 reference standard that can be traced to NIST activity standard.  57Co, 137Cs 133Ba with activities 50uCi to 200 uCi and a principal energy source of 100-500Kev. Must be with in 10% of NRC standard.  

2. Constancy: checked daily preferably with 137Cs at each individual radionuclide settings.  Each reading is plotted on a activity control chart.  The level of activity standard is calculated, and all points are connected with a straight line.  A 10% margin from NRC must be taken into account and two lines are drawn above and below decay line.  Readings must fall within the limits.  

3. Linearity: measured quarterly, dose calibration must function linearly over range of use; between highest patient dose and 30mCi.  Vial of 99mTc measured twice daily over activity.  Observed activity is plotted over time and best-fit straight line is drawn with a slope of the half life of 99mTc of 6 hours.  Comparison of the line with the counts with a 10% margin can be observed.  Best method is to use a set of calibrated lead attenuation sleeves to assess changes in linearity after linear establishment.  

4. Geometric Calibration: done at installation, change in vial type or syringe and after repair.  A 99mTc vial of 30ml of 1mCi is assayed and water is added in steps of 1, 4, 8, 10, 15, 20 and 25ml.  Net activity at each volume is obtained by subtraction of the background.  A correction factor can be determined to find the true activity of the sample.  

Quality Control of Nonimaging Scintillation Detectors

· Scintillation probes = external organ cutting 

· Well detectors = sample counting

· Calibration:  energy calibration with pulse-height units is determined.  

1. long lived radionuclide pulse height spectrum; 137Cs, 622 pulse heights units for the 662 Kev.  A principal photo peak can be used to plot the relationship of pulse height and energy.  Adjustment can be made to “move” the photopeak to a pulse height position corresponding to the photopeak energy. Typically less than 10% energy resolution.  

2. Done initially and annually.  Daily calibration is done by counting a long lived reference source at specified window and base line settings, with fine or high voltage adjustments.  “Peaking” series of counts at various voltages or gain settings are done until maximum caount rate is determined, and recorded in daily calibration log.  Plotted graphically with parallel lines at +- 1, 2, and 3.  Anything past +-3 is not working properly.  

· Reproducibility: checked by performing statistical fits of repetitive sample counts with a radioactive source.  Ex: Chi-Square test, passion standard deviation, and Gaussian standard deviation.   A minimum of 10 repetitive counts (observations) and a valid number of counts (more than 10,000).  Mechanical motion do not use chi square test.

Calibration of Multicrystal Well Counters

· Problem assessing the sensitivity of 10, 16, or 20 small sodium iodide crystals can be corrected with a micro-processor based program.  Minimum of 100,000 counts. Should not exceed 3%.

· Spread = (min – max) / max X 100%

Scintillation-Camera Quality Control

· Acceptance testing confirms performance and is used as the standard for all subsequent performance evaluations.  

· Uniformity: flood-field uniformity is ability to depict a uniform distribution of activity.  “Flooding” the camera with a uniform field of radiation and then assessing uniformity.  Normalization is a process which counts of individual pixels are multiplied by a number greater than 1, less than 1, or one.  

· Spatial Resolution: transmission phantom, with a pattern of lead.  Patterns alternation produces closely spaced areas of different activity levels.  The better the spatial resolution = better the ability to detect small abnormalities.  

· Intrinsic performance = collimator off  

· Linearity:  phantom with linear arrangement of bars should look exactly the same.  

Approaches to Camera Quality Control

· 3 Major detections must be made on a scintillation camera quality program

1. which radionuclides to use

2. intrinsic or extrinsic or combination of both

3. which phantoms to use

1. 99mTc 57Co (122 keV and 271 day half life) most common used radionuclide 

2. Intrinsic testing: no collimator.  “edge packing”  gamma cameras increased counts around the edge of the image.  Advantage = a uniformed radiation field is easily obtained with small amount of radio activity.  

Extrinsic testing: collimator is used to evaluate of the total system.  2 types of planar sources: Lucite sheet impregnated with 57Co and a liquid filled, flat plastic phantom.  

Solid sheet: epoxy type material and 57Co dispersed uniformly (30-50cm)

3. Flood phantoms are liquid filled planar source filled with water, and radioactivity must be added.  

Quality-Control Phantoms

· Criteria for selecting a phantom: 

1. size and spacing of holes and bars on phantom should stress the maximum resolving capability of instrument.

2. the same size pattern of holes or bars should be used to cover entire camera field of view.  

· Types of phantoms:

1. parallel line equal space (PLES): bars with same width and spacing.

2. orthogonal-hole (OH): rows and columns are of equal diameter holes are arranged at right angles of each other.  

3. Quadrant bar: 4 different widths of bars and spaces.  More useful because it can be used for multiple cameras.  

Count rate should not exceed 30,000 cps

Routine Camera Quality-Control Procedures

· Photopeak settings: correct energy window for the radionuclide, and centered in the window.  

· Orientation Controls: image orientation must remain constant for quality control images, for recording of same area detection.  

· Intensity: Use same CRT intensity settings and image size daily to produce field uniformity images results in a comparable daily image density.  

· Image size: Care must be taken to use the format and intensity each time.  

· Extrinsic Method: Use of collimator and a planar source.  Count less than 30,000cps and centered over detector.  Cover or enclose flood phantom in plastic to prevent contamination.  

1. Flood image with 3 million counts for camera with 5 million counts circular field of view.  

2. Daily flood field images are acquired with and with out microprocessor correction, if possible.  

3. evaluate and compare images with previous uniformity images. 

4. record the data, photopeak setting, CRT intensity setting, total counts, and elapsed imaging time. 

5. Place image in file. 

· Intrinsic Method: removal of collimator.

1. place lead mask ring of face of detector.

2. position a count source less than 30,000cps, with distance at least 5 times the max dimension of camera’s circular field of view. 

3. Flood image with 3 million counts for camera with 5 million counts.  

4. Turn of microprocessor system and record corrected and uncorrected images daily if possible.  

5. evaluate and compare images with previous uniformity images.

6. record date, photopeak setting, CRT intensity setting, total counts and elapsed imaging time.  

7. place image in file. 

· Linearity and resolution: spatiall resolution and linearity should be checked weekly, with an OH phantom.  

1. remove collimator from camers and make detector face source.

2. place lead mask ring on the face of the crystal if cameras edge packing is not masked.

3. position transmission phantom on the detector housing.  

4. a point source of appropriate activity is positioned at a distance of 5 times the max dimension camera’s field of view (less than 30,000cps)

5. image with 3 million counts 

6. remove point source before phantom 

7. evaluate and compare image with previous images

8. record findings in camera log and place image in section of the logbook. 

· Off-peak Imaging: used for evaluating image quality 20 or 15% energy window.  “off peak high” lower limit of the window positioned at the center of the photopeak

· “off peak low” high limit of the center positioned at the center of the photopeak.  

· Collimators: performed annually, based on performing an extrinsic iniformity test, and visual detection for physical damage.  Date and name of collimator should be tagged to image.  

· Photographic Systems: daily maintenance.  Face, lens and mirrors should be inspected and cleaned using professional lens paper.  

· Suspected artifact procedure: 

1. obtain flood-field image, noting camera orientation and observe artifact in image.

2. change camera orientation 90 degrees with another flood field image

3. compare 2 images.  If artifact didn’t change = on CRT or photographic system.  If artifact moved, the display system can be eliminated as cause.  

· Multiple-window spatial registration: multiple plus height windows = multiple window spatial arrangement, unless positional information from each window are the same, images will be distorted.  Use 67Ga bar phantom 
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