LECTURES REVIEW FROM MID-TERM TO FINAL ONLY; PLEASE REVIEW MATERIAL FOR MID-TERM!!!

Artifacts Lecture (Please Review for Pictures) – some information from chapter 32
· Guide shoe marks – white marks parallel to direction of travel through processor

· Occur when guide shoes in turn-around assembly of processor are sprung or improperly positioned
· Pi lines occur at 3.14116 inch intervals because of dirt or chemical stain on rollers, which sensitizes the emulsion
· Cracked  safelight filter – holes in red filter due to age and heat from light bulb
· Darkroom Fog – two other films laid on top of this image

· Films were hand processed

· Note two rounded corners of the films in upper right hand corner of image

· Fog – light parts of cassette reflected the fogging light, while the black printed letters absorbed the light

· Fog can happen from

· High temperature/humidity

· Film bin is inadequately shielded from radiation

· Safelight is too bright, to close to processing tray, or improper filter

· Film has been left in x-ray room during other exposures

· Lateral cervical spine image on top of cassette for an extended period of time

· Static electricity – buildup of electrons in emulsion and most noticeable during winter months and periods of low humidity
· 3 kinds: tree branching, smudge, crown

· Pressure (kink) – film is improperly or roughly handled or film is stacked too high in storage (weight causes marks)
· Could look like scratches, fingernails, or a fracture
· Film Overlap – happens while going through the processor
· Algae – mottled gray marks outside collimated beam on surface of film
· Piercings

· Hair Gel

· Gun Shot Wound – metal fragments
· Film/Screen Contact – intentional artifact by placing quarter-film-dime inside the cassette
· Note plus density halo around each artifact as well as the unsharpness of wire adjacent to the coins
· Quarter shows grids from screen due to relation. 

· Halo is light from screen light reflected off screen and land @ multiple places adjacent to coin.

· Image blur and increased density

· Film/Screen Mismatch – can’t match DuPont screens with Kodak film
· Kodak and DuPont Flashes – offset difference; if both are used in your office, you must offset the hand ID printer or some information will be cut off
· Old Screens

Computed Tomography – Chapter 29
· Internal structure of an object can be reconstructed from multiple projections of an object

· Sir Goffrey Hounsfield

· AKA computerized axial tomography (CAT) and computed tomography (CT)

Basic concept

· Thin cross-section (tomographic slice) is examined from multiple angles with a pencil-like X-ray beam

· Transmitted radiation counted by scintillation detector

· Information is fed to a computer for mathematical analysis

· Computer reconstructs the tomographic image

First Generation (Original EMI Scanner)

· Translate-rotate mechanism
· Linear translation through patient = scan

· Each scan is followed by a 1 rotation before beginning another scan
· This continues until tube has moved a total of 180
Fourth Generation scanners (current)

· Detectors remain stationary
· Tube moves 360 degrees around patient
· Uses fan beam
Helical Scanners are the newest CT technology (1990)

· Slip-ring technology allows continuous rotation of tube

· Simultaneous translation and data acquisition
· Continuous data acquisition can be achieved in a single breath (360 rotation in 1 second)
· Dramatic increase in speed and throughput 
· 20-40 seconds for helical CT vs. 4-6 minutes w/ conventional CT
· Possible through advances in technology
· More robust tubes – increased tube currents for prolonged periods yet light enough to be mounted in a slip-ring gantry)
· Slip-rings replace cumbersome cables – no continuous gantry rotation allowed w/ cables
· New generators
· New software algorithms 
· Increased Performance
· Eliminates mis-registration artifacts
· Minimization of motion artifacts (respiration and peristaltic)
· Production of overlapping images w/o additional radiation exposure
Computed Tomography

· Conventional x-ray tubes
· Fractional focal spots
· Air cooled
· High heat capacity
· Tube moves around patient during scan
· Principle of operation
· Differential absorption of x-ray photons (plain film); no image receptor
· Collimation
· In tube
· At detector
· Beam width equal to slice thickness
· Each collimator regulates voxel length (1-13 mm)
· Detectors
· 2400 detectors around patient
· Measures energy deposited in them
· Scintillation crystal-photomultiplier tube
· Gas-filled ionization chamber
· Computer
· Correlates:
· Beam intensity
· Patient position
· Spatial relationship of beam vs. area of interest
· Capable of 1 second scan times
· Image Matrix
· A CT scan image consists of many cells, each assigned a number and displayed as a brightness level on the video monitor.

· Each cell is called a pixel.

· 3.  The numerical information stored in each pixel is a CT number or Hounsfield unit (HU).

· The pixel is a 2-dimensional representation of a corresponding tissue volume.

· The tissue volume is called a voxel and is determined by the pixel size X the slice thickness 
· Image Display

· Windowing.

· The technologist or radiologist selects a CT number that is about the average CT number of the body tissue being examined

· The computer is then instructed to assign 1 shade of gray to each of the 128 CT numbers below and each of the 128 CT numbers above

· The center CT number is called the window level

· The range of CT numbers above and below the window level is called the window width

· CT Numbers
· Hounsfield units
· Range from -1000 to +1000
· Air = -1000
· Fat = -50
· Water = 0
· Cortical bone = +1000
· Bone window (+200) and soft tissue window (+20 to +40)
· Window = 0 to +750
· Level = 375
· Patient Exposure
· Depends on beams size, slice thickness, slice overlap, number of slices
· Prefixed or postfixed plexus - nerve root might exist one foramen higher or lower-compared to what think level should be

· Comparison to plain film
· Offers a 3-D image of the object
· Sensitivity to density differences is 10 times greater, soft tissue contrast is 10x better than x-ray film
· Resolution - The best current CT systems can show about 20 lp/cm or an object @ 0.25 mm

· X-ray extremity film/screen combo can resolve approx 10 lp/mm
· Artifacts

· Partial volume averaging

· Motion

· Starburst

· Beam hardening

Early Effects of Radiation – Chapter 36

Definition

· To elicit a radiation response at the human level within a few days or even weeks
· Such doses are not encountered in diagnostic radiology

· Missed diagnosis is second most common suit, usually by x-ray
Acute Radiation Lethality

· No cases of human death reported from diagnostic x-ray exposure

· Diagnostic beams are too weak and too small

· Prodromal

· Greater than 100 rad

· Nausea, vomiting, diarrhea

· Latent

· 100 – 10, 000 rad

· No signs and symptoms

· Dose of radiation to whole body resulting in death within 30 days of 50% of subjects irradiated

· For humans, approximately 300 rads

· Threshold, nonlinear

· Hematologic

· 200 – 1000 rad

· Nausea, vomiting, diarrhea, anemia, leucopenia, hemorrhage, fever, infection

· Gastrointestinal

· 1000 – 5000 rad

· Same as hematologic plus electrolyte imbalance, lethargy, fatigue, shock

· CNS

· Greater than 5000 rad

· Same as GI plus ataxia, edema, vasculitis, meningitis

Principle Early Effects

	Effect
	Site
	Minimum Dose (rad)

	Death
	Whole Body
	100

	Blood depression
	Whole body
	25

	Skin erythema
	Small field
	300

	Epilation
	Small field
	300

	Gonadal dysfunction
	Local Tissue
	10


Misc. Info

· Under no circumstances is a periodic blood examination recommended as a feature of any current radiation program

· Lymphocytes and spermatogonia are most radiosensitive cells in body

Late Effects of Radiation – Chapter 37

Introduction

· Radiation protection guides are based on suspected or observed late effects of radiation
· Effects are assumed to follow a linear, nonthreshold dose-response relationship

· Local tissue effects

· Skin

· Chromosomes

· Cataracts

· Threshold, nonlinear

· Age dependent

· High LET (neurons), high RBE

· Life span shortened by 10 days for every rad of exposure

· Radiation Induced Malignancy

· Leukemia

· Latent period 4-7 years

· At risk period of 20 years after exposure

· Other cancers

· Thyroid, bone, skin, breast, lung, liver

· Radiation and Pregnancy

· Effect on fertility

· Irradiation in utero

· First two weeks either spontaneous abortion or no ill effect (up to 10 rads)

· 2nd-10th week skeletal and organ abnormalities may occur

· Mental retardation

· Childhood malignancy

Radiation Hormesis – Chapter 34

· Large amounts of ionizing radiation may cause cancer

· Assumptions of risk are based on Beir V report

· Extrapolated from doses above 0.5 Sv (50 rem)

· 50 rem = approximately 160 years of background exposure

· Supports linear non-threshold view of Japanese A-bomb survivors

· Japanese A-bomb survivors w/ moderate radiation exposure had reduced cancer rates

· Natural radiation varies considerably over the Earth

· Wyoming, Colorado, Montana, New Mexico, Utah, Idaho, and South Dakota have 1 mSv/year higher than other states

· Cancer rate in higher background population was about half that of the lower background

· Flight crew members receive annual exposures of 1 mSv/year while a chest x-ray gives 0.1 mSv

· During solar storms, exposures can increase to 80 microsieverts/hour at altitude

Nuclear Medicine Radionuclide Imaging – Chapter ?

Basic Procedure

· Gamma radiation

· Radioactive isotope injected into patient

· Seeks out areas of high vascularity and high metabolic activity

· Radioactive decay of isotope is captured w/ gamma camera and processed into useful image

Radionuclides

· Nuclei with different numbers of protons, neutrons or both are called nuclides
· Unstable nuclides are called radionuclides
· Unstable radionuclides that have same number of protons but different number of neutrons are called radioisotopes
Nuclear Stability

· Very heavy nuclei (large numbers of protons) are unstable
· Radioactive decay = transformation from unstable to stable state

· Three processes of transformation are alpha, beta, and gamma
Radioactivity

· Half life = time required for half the material to decay

· Radioactivity = number of transformations per unit of time

Gamma Decay

· Isometric transition

· Nuclear transformation to a stable state releases energy through a gamma ray

Bone Scan
· Radionuclide used is 99m technetium-methylene diphosphonate
· Half life of six hours

· Cleared by genitourinary system

· Accumulates in kidneys and bladder, which receive the highest dose of radiation

· Incorporated into hydroxyapatite crystal of bone by osteoclasts

· Biological dose of radiation is relatively low

· Contraindications include pregnancy and breast feeding

· Gamma camera consists of

· Collimator

· Na+ iodine crystals – convert gamma rays into light
· Photo multiplier tubes – detects light and generates data about location of each light photon
· Peak height analyzer – converts light into useful anatomical image

· Cathode ray tube monitor

· Three Phases

· Flow phase

· Radionuclide angiogram

· Sequential images every few seconds for first minute following injection

· Radionuclide is imaged as it diffuses into extravascular tissue

· Blood Pool Scan

· Images obtained 1-3 minutes following injection

· Radionuclide “pools” in an extravascular location

· With increased blood flow, the first and second phase demonstrate prominent collection

· Static Bone Scan

· 2-4 hours post injection

· Radionuclide cleared of vascular and soft tissues

· Radionuclide is concentrated in skeleton

· Normal Bone Scan Findings

· Symmetrical distribution throughout skeleton in healthy adults

· Intense symmetrical uptake in physes of long bones, growth centers, and areas of high hematopoietic production

· Accumulation of radionuclide decreases with age

· Sites with persistent uptake regardless of age:

· Acromion and coracoid process of scapula

· Medial ends of clavicle

· Angle of Louis

· Sacral alae

· Image Artifacts

· Injection site

· Urine contamination

· Metallic artifacts

SPECT Imaging

· Single Photon Emission Computed Tomography

· 3-D images (Axial, coronal, sagittal slices – gamma camera rotated around patient in all three planes)

· Used for detecting occult pars/spinous fracture

Ventilation/Perfusion Scans

· Evaluates cardio/respiratory function

· Ventilation

· Radionuclide aerosol inhaled

· Aerosol settles in alveoli

· Lungs scanned

· Areas not ventilated will have no signal

· Perfusion

· Radionuclide injected into vein

· Radionuclide travels through heart to pulmonary vascular bed

· Lungs scanned

· Areas not perfused will have no signal

· Ventilation and perfusion scans are compared

Myocardial Perfusion Scan

· Myocardial tissue evaluated for ischemic change and tissue infarction

· Radionuclide injected during exercise

· Coronary blood flow deposits radionuclide in myocardium

· Myocardium scanned during exercise

· Myocardium scanned after 30 minutes of rest

· Signal void – lack of perfusion

· Signal void during rest and exercise – tissue infarction

· Signal void during exercise only – tissue ischemia

PET

· Positron Emission Tomography

· Physiologic imaging method

· Neuroimaging

· Oncological imaging

· Radionuclide used is fluorodeoxyglucose

· Beta decay

· Mostly used for research
· Positron emitted by beta plus decay

· Electron emitted by beta minus decay

· Positron collides with electron

· 2 gamma rays emitted which are detected by ring of detectors around patient

· Good if can’t figure out where origin of cancer is

· PET is physiologically accurate, but not anatomically accurate

Radiation Protection Procedures – Chapter 40
Occupational Exposure

· Patient dose = rad

· Dose equivalent = rem (unit of occupational exposure)

· Maximum Permissible Dose (MPD) = 5000 mrem/year, 50 mSv/year

· If personnel hold extremities or infants, extremity monitors must be provided

· Lead aprons and lead gloves must be provided

Patient Dose

	Exam
	KVP/MAS
	Skin
	Marrow
	Gonad

	Cervical
	70/40
	150
	10
	< 1

	Lumbar
	72/60
	300
	60
	225

	Extremity
	60/5
	50
	2
	< 1


Reduction of Occupational Exposure

· Protective secondary barrier

· Limit retakes

· Lead apron/gloves

· Personnel monitoring through film badges and thermoluminescent dosimeters

Cardinal Principles of Radiation Protection

· Time

· Concerning radioactive sources, limit your time
· Limit retakes

· Distance

· Concerning radioactive sources, get as far away as possible

· Use inverse square law

· Shielding

· Use an effective barrier (lead) between you and a radioactive source

· Limit beam size with collimation to limit unnecessary patient exposure

· Sectional filters help to minimize exposure in select areas

· X-ray operator must remain behind an effective barrier

Radiation Biology – Chapter 33
From molecules to humans

· All x-rays capable of causing harm

· Effects from atomic interactions

· Ionization and electron excitation

· Chemical binding properties change

· Molecules may break, function improperly, or cease to function

Human Biology

· Atomic composition of body determines the type of radiation interaction

· Five types of molecules in body

· 80% water

· 15% protein

· 2% lipids

· 1% carbs

· 1% nucleic acids

· 1% other

Law of Bergonie and Tribondeau

· Radiosensitivity is a function of metabolic state of tissue being irradicated

· Stem cells are radiosensitive; more mature a cell is, more resistant to radiation it is

· The younger the tissues and organs, the more radiosensitive they are

· High level of metabolic activity, high radiosensitivity

· As proliferation rate for cells and growth rate for tissues increase, radiosensitivity increase

· High sensitive areas = lymphoid tissue, bone marrow, gonads

· Intermediate sensitive areas = skin, GI tract, cornea, growing bone, kidney, liver, thyroid

· Low sensitive areas = muscle, brain, spinal cord

Physical Factors Affecting Radiosensitivity

· Linear energy transfer (LET)

· Relative biologic effectiveness (RBE)

· Fractionation and protraction

· If time of irradiation is lengthened, a higher dose will be required to produce same effect

· Protraction = continuously but at a lower dose rate

· Fractionation = larger dose given in equal fractions

Biological Factors Affecting Radiosensitivity

· Oxygen effect – oxygen enhancement ratio (OER)

· Age – most sensitive before birth and old age

· Sex – females less radiosensitive

· Recovery

Radiation Dose-Response Relationships

· Linear, nonthreshold (BEIR committee for risk estimates and projection guidance)

· Linear, threshold

· Nonlinear, nonthreshold

· Nonlinear, threshold


[image: image1]
Green is linear nonthreshold, reason why protect w/ lead
Blue line could represent 50:30; 
increasing radiation up to point does not induce disease


[image: image2]
Non-linear but intersect x axis

MRI
Fundamentals

· Response of polar atoms to discrete radiation frequencies under influence of a strong magnetic fields

· Polar atoms have unpaired protons or neutrons (H, C, O, F, Na, Mg, etc)

· Most attracted by the magnet is H

· Causes bright white areas

· Advantages

· Best low contrast resolution

· No ionizing radiation

· Direct multiplanar imaging

· No bone or air artifacts

· Direct flow measurements

· Mostly noninvasive

· Can image any plane of body needed

· Polar atoms behave as little bar magnets because they spin on their axis and this moves their electrical charge through space which creates a magnetic field

· In presence of a strong external magnetic field, the polar protons align themselves pointing either North (parallel to magnetic field) or South (antiparallel).
· More point in parallel position, creating a net magnetization

· Larmor frequency – the rate at which random protons are precessing protons
· Determined by gyromagnetic ratio and strength of magnetic field
· Due to random nature of precession, these protons are not useful in making an image ( must be force to act as one collective bar magnet
· Larmor equation – the frequency at which protons process about external magnetic field
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· f = larmor frequency
· y/2pi = gyromagnetic ratio

· B = magnetic field in Tesla

· ( is frequency of radiation sent into patient to excite nuclei and is the frequency to which receiver coils must be turned to receive signals from coming patient
· A specific radiofrequency wave will force the randomly precessing protons together, adding energy to these protons ( this energy is needed to produce MR image

· Free induction decay (FID) – when radiowave is turned off excess energy stored in the protons is given back in the form of another radiowave
· MR signal emitted by patient during T1 and T2 relaxation
· Relaxation process – precessing protons give back their excess energy as a result of when the RF pulse is turned off, forcing the protons to realign
· By placing the patient in a gradient magnetic field, some of the realigning protons will give off a weaker radio signal and others will give stronger radio signals
· Only the spins whose Larmor frequency is the same as the frequency of the RF pulse will absorb energy from it

· The longer the time b/w end of RF pulse and MR signal, the larger the magnitude of the signal ( Longitudinal Magnetization (T1 or spin-lattice relaxation)
· T2 or spin-spin relaxation (Transverse Magnetization) – time constant for loss of phase coherence among spins oriented at an angle to the static magnetic field – exponential decay process
· T2 shorter than T1

· Compact bone generates low signal on pulse sequences
· FREE WATER IS DARK ON TI AND BRIGHT ON T2

· FAT IS BRIGHT ON T1 AND T2

· MAKE SURE YOU KNOW THIS, I KINDA REMEMBER HIM SAYING TO REMEMBER THIS

· TR – time to repetition – amount of time between RF pulses; turning on and off of the radiofrequency pulse that creates the knocking sound the patient hears during the scan
· TE – time to echo – time that passes after the RF pulse is turned off (or until computer listens for MR signal)
· NEX – number of excitations – number of electrons and implies the number of times a particular line in k-space is sampled
· FOV – field of view or amount of anatomy that will be displayed
· Slice thickness – volume of tissue represented in images
· Decreased signal to noise and contrast to noise ratio
· As thickness increases ( partial volume averaging increases
· T1 displays anatomy well
· T2 displays volumes of water
· An image that is not T1 or T2 weighted is a spin density image
· Artifacts
· Physiologic motion
· Cardiac, respiratory, blood flow, CSF
· Chemical shift
· Magnetic susceptibility
· Aliasing
· Phase and frequency encoding
· Truncation
Quality Control – Chapter 31
mAs Linearity

· To test, you need:

· A radiolucent object

· Stepwedge

· Supertech penetrometer

· Apple or orange

· Cassette with film

· Two pieces of lead vinyl

· Lay cassette on x-ray table or floor

· Protect ¾ of film with lead vinyl

· Place object in unprotected area

· Choose a kVp and mAs that will barely penetrate object

· Expose object at each mA station

· Result: should be uniform gray image for each mA station
Light/Beam Agreement

· To test, you need

· 8 x 10 cassette with film

· Eight coins

· Tape

· Load cassette into cassette tray

· Make a minor exposure of entire film

· Collimate to 4” x 4”

· Tape coins into corners of light field

· Repeat same exposure

· If the light beam accurately represents the x-ray beam, the coins will be exactly in the corners of the 4 x 4 exposure on the processed film

Darkroom Fog

· To test, you need:

· An 8 x 10 cassette with film

· A piece of cardboard, opaque to light

· Make a minor exposure of the entire film

· Go into darkroom, safelight turned on

· Remove film from cassette

· Cover entire film with cardboard

· Uncover ¼ of film, count to 15 seconds; repeat 2 other times and then process film

· If there is no darkroom fog source, film will be uniformly gray

· If there is a significant fog source, the sensitized film will show it

Sensitometry/Densitometry

· Required in NY, TX, ME, MN

· Proves processing conditions are nearly constant

· To test, you need:

· Dedicated box of film

· Sensitometer (blue or green)

· Densitometer

· Thermometer – no mercury thermometer

· In dark room, expose piece of dedicated film to sensitometer

· Process film

· Flash both edges of QC film with sensitometer to reduce effect of bromine drag

· Read film in densitometer

· Record data for:

· Mid density (speed)

· Density difference (contrast)

· Base + fog

· Plot Data

· If data for speed or contrast exceeds baseline values by +/- 15%, fix the problem

· If the date for base + fog exceeds baseline values by +/- 5%, fix the problem

FINAL NOTE: THERE WAS A SECOND QUALITY CONTROL PPT BUT IT HAD SIMILAR INFORMATION IN IT.  PLEASE EXCUSE ALL TYPOS!  ALSO, BE SURE TO LOOK OVER STUFF THAT WAS COVERED FOR THE MIDTERM; THERE ARE RUMORS THAT A LOT OF THE FINAL IS FROM THE MIDTERM.  GOOD LUCK STUDYING.  THANK YOU KRYSTAL FOR THE NOTES.  
� EMBED Equation.3  ���
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