
hension of the topics listed. Similarly, practicum assign
ment write-ups should be evaluated regularlyby a faculty
member.

Certain topics listed in the guidelines may be redundant,
dependingupon the parenttrainingprogram.For instance,
cardiacanatomyand physiology most likely will have been
covered in sufficient depth in a cardiology fellowship to
allow omission in a subsequent nuclear cardiology fellow
ship. Similarly, the basics of radiationdetection will prob
ably be well known to radiologists and nuclear medicine
physicians. Therefore, a program'sadherenceto the guide
lines should be considered by review of both the cardio
vascular nuclear medicine traineeship and the antecedent
didactic curriculumof the nuclear medicine, cardiology or
radiology residency/fellowship, when applicable.

In Part III of the guidelines, the Subcommittee has of
fered recommendations regardingthe requirementsof in
stitutions sponsoring cardiovascular nuclear medicine
training programs. Also, recommendations are made with
regardto the minimumnumberof clinical imagingstudies
and exposure to correlative modalities.

PART I: DIDAC11CLECTURE AND READING TOPIcS

* An asterisk indicates topics we believe should be men

tioned and defined so that trainees are familiar with
them, but which need not be covered in the detail
required for practical, working knowledge.

PHYSICS AND INSTRUMENTATiON

I.EssentialPreliminaries
A. The structure of matter as a preliminary to radi

ation sources and radiation interactions
1. Energy, natureand definitions;fundamental

particles

2. Structure of the atom, nucleus and electrons
3. Structure of the nucleus, protons and neu

trons
B. Nature of radiation

J NuciMed 1994;35:169-178

he CredentialingSubcommittee of the Cardiovascular
Council of the Society of Nuclear Medicine has formulated
the following Cardiovascular Nuclear Medicine Training
Guidelines, which are a modificationand update of similar
guidelines set forth in 1989by the Education and Training
Committee of the Society of Nuclear Medicine. The Sub

committee is composed of cardiologists, nuclear medicine
physicians and basic scientists who are leaders in the field
of cardiovascular nuclear medicine and who have been
intimately involved in resident and fellow education. These
individuals were selected so that diverse viewpoints and
practice patternsin cardiovascularnuclearmedicine would
be represented. The Credentialing Subcommittee has
worked with the present Chairmanof the Education and
TrainingCommittee in formulatingthese guidelines in or
der that the standards and goals of both bodies are promul
gated.

These guidelines are meant to serve as a template for
didactic material (Part I) and laboratory practicum exer
cises (Part II) for all training programs in cardiovascular
nuclear medicine, whether they are part of a nuclear mcd
icine, radiologyor cardiology residency or fellowship. The
didactic portion should be covered in lectures, which may
be supplemented by a structured review of reading assign
ments or conferences, dependingupon the individualtrain
ingprogram.The Subcommittee stronglyrecommends that
trainees be periodically evaluated regarding their compre

Edftoi'sNote:MoptedfromtheGu@drxTopk@sfrxTrak*igofRad@gy
Res@ients and Canlbbgy FOIbWSin Mic@ar Meda@efomiuIated by the Educa
@onand Trainu@gCommitteeofthe Sodetyof NuclearMedidne,October1, 1969.

ReceivedSepL30,1996;acceptedSe@130,1969.
Forcorrespondenceandrepdntscont@ E GoidonDePuey,MD,St.Luke's-

RooseveltHos@ Center, D@.of NuclearMedIdne,Departmentof RadIology,
AmsterdamAvenueat I 14thSt, NewYork,NY10025.

CardiovascularTrainingGuidelinesâ€¢DePuey et al. 169

Cardiovascular Nuclear Medicine
Training Guidelines
E. Gordon DePuey, Jeffrey S. Borer, Kenneth A. Brown, Manuel D. Cerqueira, Margaret LaManna,
Warren H. Moore and Frans J.Th. Wackers on behalf of the Cardiovascular Council of the Society of
Nuclear Medicine

St. Luke's-RooseveltHospital Centerand ColumbiaUniversi@yand theNew YorkHospital-CornellMedicalCenter,New
Yorlc@New York, Univers4y of Vennont College ofMedicine, Burli.ngton@Vennont; DVA Medical Center and University of
Washington, Seattle, Washington; Peniuylvania Hospita4 Department ofRadiolo@j@,PhiLade1ph@I,Penn.sylvania; Baylor
College ofMedicine and St. Luke's Episcopal Hospita4 Houston, Texas; and Yale University School ofMedicine, New
Haven, Connecticut



1. Charged particles (electrons, positrons, pro
tons and alpha particles)

2. Electromagnetic radiation (photons)
a. Wave and particle nature of photons
b. Classffication by energy: infrared, light,

ultraviolet,x-rays, gammarays and radio
waves

3. Neutral particles: nature, characteristics
C. Interaction of radiation with matter

1. Charged particle interactions with matter
are the chief means of energy transfer to
matter
a. Atomic excitation, ionization
b. Bremsstrahlunggeneration
c. Annihilation of positrons
d. Energy-rangerelationships

2. Photon interactions
a. Photoelectric absorption: usefulness in

detection and shielding
b. Compton scattering is the primary fate of

photons in tissue
c. Other (pairproduction, coherent scatter

ing)
d. Energy-rangerelationships

3. The role of neutrons in production of artifi
cial radioactivity
a. Inelastic nuclear collisions, nuclear reac

tions, capture
b. Energy-rangerelationships

II. Radioactivity
A. Nuclear dc-excitation is the chief source of pho

tons for imaging
1. Isomeric transitions

a. Gammaphotons
b. Internal conversion

2. Antecedent states to isomeric transitions
a. Dc-excitation of neutron-rich nuclei
b. Dc-excitation of neutron-poor nuclei

3. Atomic sequelae to nuclear dc-excitation
a. Characteristicx-rays
b. Auger transitions

4. Mathematics of nuclear dc-excitation
a. Characteristicsof exponential functions
b. Radioactive equilibrium

B. Production of radionuclides: methods which af
fect availability and cost

1. Fission reactors
a. Neutron irradiation
b. Fission products

2. Charged-particle accelerators
3. Radionucide generators

a. Types
b. Practical aspects
c. Economics

ifi. Mathematics and Statistics
A. Randomness

1. Radioactive decay

2. Practical consequences of random events
3. Exponential functions resulting from ran

dom group behavior
B. Precision and accuracy

1. Bias
2. Determinate and indeterminate errors

C. Frequency distributions
1. Poisson and Gaussian distributions
2. Measures of dispersion: standard devia

tions, confidence intervals and Chi-squared

estimates
D. Statistics of radioactivity detection and mea

surement
1. Standard deviation of count data
2. Compounding of indeterminate errors: cal

culation of error, subtractionof background
counts

3. Image statistics
a. Tests for significance in test images

(floods, etc.)
b. Tests for significance in clinical images

E. Applied statistical methods
1. Determination of separateness of distributed

populations
2. Mathematics of decision making

5F. Linear regression
*G Stepwise multivariate regression analysis

lv. Radiation Effects, Absorbed Dose
A. Biological effects of radiation

1. The Roentgen is a unit of radiation exposure
2. Rads and rems (Grays and Sieverts) are

units of absorbed dose
3. Biological effects of radiation

a. Chemical effects of energy deposition
b. Molecular and cell effects
c. Cellular, tissue and organ sensitivity
d. Quality factor, RBE and LET

4. Risks of radiation exposure
B. Decay of radioactivity in the body

1. Physical half-life
2. Biological half-life
3. Effective half-life

C. Absorbed radiation dose estimation
1. â€œAbsorbedfractionâ€•â€”(MIRD)method
2. Critical organ, whole-body doses
3. Radiation dose equivalents

V. Instrumentation
A. Basic principles

1. Gas-filled radiation detectors, though old,
usedinmany forms
a. Ionization chambers, portable and in

dosecalibrators
b. Geiger-Mueller counters are â€œevent

countersâ€•
2. Scintillation detectors

a. Organic, liquid scintillators
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b. Inorganic scintillators are used in nuclear
medicine

3. Solid-statedetectors
4. Electronicsofenergy-proportionalsystems

a. Photomultiplier tubes, solid-state detec
tors and wiring

b. Charge collection, pulse-shaping (pre
amp/amp)

c. Energy discrimination, â€œwindowsâ€•
d. Data recording and display

5. Natureof theNaI(Tl) pulse-heightspectrum
a. The â€œtotalabsorption (photo) peakâ€•is

the useful feature
b. The â€œComptoncontinuumâ€•is not useful,

but present
c. Coincidence summing and escape phe

nomena complicate things
B. Support and ancillary instrumentation

1. Radiation detector systems
a. Well scintillation detectors, quality con

trol
b. Detectors for radionuclidic purity checks

(GeLi)
c. Survey meters are requiredunderlicense

terms
Dose calibratorsand theirqualitycontrol

Electrocardiographs,R-wave triggers
1.Frameversuslistnode
2. Arrhythmia rejection mechanisms
3. GatedSPEC!'

b. Respirators
c. Exercise equipment
d. Motion correction mechanisms

C. Imaging instrumentation
1. Gamma (Anger) cameras

a. Basics (and limitations)of the image-for
mation process

b. Detectors, collimation and effects of dis
tance on resolution

c. Position informationgeneration and nor
malization

d. Energy discrimination, proper â€œpeak
ingâ€•

e. Operating characteristics (field of view,
resolution, sensitivity, counting losses,
NEMA specifications)

f. Artifacts, effects of pre-detector scatter
g. Quality control
h. Environmental hazards

2. Multiciystalcameras
3. Otherplanarimagingsystems
4. Single-photonemissioncomputedtomogra

phy (SPEC!')
a. Reconstructive methods, spatial and

temporal filters

b. Artifacts, attenuation and scatter correc
tion

c. System management
d. Quality assurance
e. Single-head versus multihead detector

systems
5. Positronemissiontomography(PET)

D. Photographic imaging and image-making devices
1. Photographicfundamentals

a. Optical image generation
b. Film construction and the latent image
c. Film processing

2. Filmcharacteristics
a. Density versus exposure
b. Speed
c. Effects of processing

3. CRTandvideoimagedevices
a. Basic operation
b. Evidence of irreparable deterioration
c. Quality control

E. Computerarchitecture
a. Central processing unit (CPU)
b. Bus structure, basic I/O
c. Terminalequipment
d. Magnetic storage devices

2. Softwareconcepts
a. Numerical methods
b. The operating system
c. User programming languages

3. Imagedigitization,storageandmanipulation
a. Effects on image content and on image

appearance, artifacts
b. Limitation on processing speed

4. System connection to gamma cameras
a. Position, strobe signals
b. R-wave triggerfor gated heartblood pool

studies
5. Systemoperation

a. System start-up(boot), shut down
b. Printing,archivingoperations
c. Gammacamera data acquisition
d. Image manipulation, RO! and curve op

erations
e. Nuclear medicine procedures, data ac

quisition and analysis
f. Quality assurance

F. Instrumentation and technique in each clinical
procedure
1. Use of the instrument (gammacamera)

a. Selecting the rightcollimator(s)
b. Use of the computer
c. Set energy windows to appropriatepho

topeak(s) for radionuclidein procedure
2. Technique

a. Positioning
b. Timing of imaging (early, late, next day)
c. Requiredand optional views

d.
2. Other

a.
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d. Markingfor anatomy, pathology and im
age orientation

RADIOPHARMACEUT1CALS
I. RadionudlideConsiderations

A. Characteristics of the ideal radionuclide for:
1. Diagnosticimaging
2. Therapeutic applications

B. Radionuclides
1. Methods of production
2. Decayconsiderations
3. Purity, specific activity considerations

II. Technetium-99m Physics and Chemistiy
A. Radionuclide properties

1. Mode of decay
2. Radiation emissions
3. Interaction of gamma emissions with tissue,

sodium iodide, lead
4. Half-life considerations

B. Chemistiy
1. Valencestates,reduction
2. Chelation, ligandchemistry
3. â€œKitâ€•descriptions and uses

C. Molybdendum-99mâ€”-Technetium-99m genera
tor
1. Principles

a. Parent-daughterrelationships
b. Transient equilibrium

2. Description
a. Internalconstruction
b. Wet column versus dry column

3. Characteristics
a. Elution profiles
b. Multiple elution considerations
c. Calibrationconsiderations

ifi. Chemlstiy of Other Radionudlides
A. Iodine-131 and Iodine-123
B. Gallium-67
C. Indium-ill
D. Thallium-201
E. Xenon-133 and Xenon-127
F. Short-lived tracers for first pass radionuclide an

giocardiography

1. Iridium-191
2. Tantalum-182
3.Gold-195m

G. PET radiopharmaceuticals
1. Fluorine-18-fiuorodeoxyglucose
2. Oxygen-15-water
3. Nitrogen-13-ammonia
4. Carbon-ll-palmitate
5. Rubidium-82

lv. Cell Labeling
A. Red bloodcells
B. White blood cells
C. Potential hazards of radiopharmaceutical misad

ministration

V. Quality Control
A. Record-keeping system

1. Desiredfeatures
2. Regulatoryrequirements(NRC, JCAHO,

FDA, USP, pharmacy boards)
B. Radiochemical purity

1. Definition and sources
2. Potential radiochemical impurities in @â€˜@Tc

radiopharmaceuticals
3. Evaluation methods

a. Types of radiochromatography
b. Solvent/support systems to evaluate

@â€˜@Tcradiochemical impurities
c. Quantificationof test results

4. Practical limits: clinical considerations
C. Radionuclidic purity

1. Definition and sources
2. Potential radionuclide impurities in @Tc

generator eluates
3. Evaluation methods

a. Differentialshielding techniques
b. Multichannelanalysis

4. NRCIFDA limits: clinical considerations
D. pH testing: method, clinical considerations
E. Aluminum ion breakthrough testing: method,

clinical considerations no breakthrough
F. Molybdendum-99 breakthrough testing
G. Particle sizing: method, clinical considerations
H. Sterility/pyrogen testing

1. Definitions and methods
2. Sourcesof contamination;aseptictech

niques
VI. Radiopharmaceuticals in Each Clinical Procedure

(including â€œIn-antimyosinand @â€œTc-labeledra
diopharmaceuticals for perfusion imaging)

A. Radiopharmaceutical characteristics
1. Physical and chemical properties pertinent

to each procedure
2. Mechanismsofnormalandabnormallocal

ization
3. Standard doses
4. Radiation dosimetry (body, critical organs

and significant radiation doses
5. Advantages/disadvantagesof:

a. Previous agents
b. Current agents

B. Radiopharmaceutical formulation problems
1. Chemical/physicalconsiderations
2. Clinicalimplications

C. Radiopharmaceutical-drug interactions
1. Mechanisms of interaction
2. Clinicalimplications/alteredbiodistribution

D. Adjunctive drugs/procedures
1.Dose,timing
2. Adversereactions,contraindications

E. Interventional drugs/procedures
1. Mechanismof action/studyenhancement
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2. Dose, timing
3. Adversereactions,contraindications

VII. Pharmacologic Substitutes to Dynamic Exercise
A. Coronary vasodilators

1. Dipyridamole
2. Adenosine

B. Positive inotropic/chronotropic agents
1. Dobutamine
2. Arbutamine

RADIATiONSAFETY
I. Knowledge Required for Lkensure

A. Philosophy of radiation protection
1. Linear, no-threshold dose-effect relation

ship
2. Maximum permissible dose
3. ALARA

B. Sources of radiation exposure
C. Facility purpose and design
D. Radiation monitoring

1. Personnel
2. Facility
3. Environmental
4. Sealedsources
5. Bioassays

E. Proper handling of radiopharmaceuticals
1. Receipt and monitoring of shipments
2. Storage
3. Dispensing
4. Disposal

F. External radiation protection
1. Instrumentation

a. Radiationfield measurements
b. Calibration

2. Reduction of exposure levels
a. Time, distance, shielding
b. Labeling
c. Clinical sources of exposure

G. Internal radiation protection
1. Pathwaysfor internal exposure

a. Ingestion
b. Inhalation
c. Absorption

2. Prevention of internal contamination
a. Handling techniques
b. Laboratory hygiene
c. Surveys, wipe tests
d. Exhaust systems

H. Protection of nonradiation personnel
1. Patients
2. Visitors
3. Othermedicalpersonnel
4. The fetus
5. Patient family members

I. Emergency procedures
1. Minor versusmajor spills or releases
2. Decontamination of personnel

J. Regulations and licensing
1. Sourcesof information

a. NRC regulatoryguides
b. NCRP and ICRP
c. CDRH
d. State agencies

2. Regulationsgoverninglocalusers
a. Code of Federal Regulations
b. State regulations

3. Reports and records
a. Receipts, disposal, inventory
b. Surveys
c. Personnel exposures
d. Instrumentcalibrations
e. Misadministrations

4. Licensing
a. Physician credentialing
b. Private physician license
c. Hospital nuclear medicine license
d. Broad-scope license

IMAGING PROCEDURES:CARDIOVASCULAR
SYSTEM

I. General Considerations for Cardiac Shidies
A. Important anatomic relationships

1. Left ventricular myocardial segments
a. Standardized SPEC!' image orientation

and nomenclature
2. Coronary artery anatomy
3. Coronaryarterydominanceandothermajor

individual differences
4. Collateralvessels
5. Congenital anomalies

B. Physiology
1. Regional myocardial blood flow hemody

namics
a. Measurementof coronary flow reserve
b. Intracoronary Doppler flow measure

ments
c. Contrast echocardiography
d. Digital subtraction angiography

2. Pressure/volume relationships
3. Myocardialnecrosis
4. â€œStunnedâ€•andâ€œhibernatingâ€•myocardium
5. Myocardialviability
6. Exercisephysiology

C. Clinical presentation: stable coronary artery dis
ease

1. Typical angina pectoris
2. Atypical angina
3. Nonanginalchestpain
4. Dyspnea as a symptom of myocardial isch

emia
D. Clinical presentation: unstable ischemic heart

disease
1. Acute myocardial infarction

a. Q-wave
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b. NonQ-waveB.Selection of type of study according toclinical2.
Unstableanginapectorisproblem to beevaluated3.
Postreperfusion1. Immediate poststress and delayed @Â°â€˜Tlim

E. Clinical presentation: heartfailureaging1.

Left heart failure2. Repeat studies late after exercise (18â€”24hr)a.

ClassesI-Nwith@Â°â€˜Ti2.

Systolicdysfunction3. Reinjection of@Â°@Tl3.
Diastolic dysfunction4. Rest imagingalonea.

Restrictive cardiomyopathy
b. Constrictive pericardialdisease

4. Right heart failure
5. Pulmonaryhypertension
6. Cardiomyopathy

a. Primary
b. IschemicC.5.

Rest and delayed imaging
6. PiOtocOlsfor separatestress and rest studies

with @Tcagents
Cliflkltl applications

1. Coronary artery disease
a. Angina pectoris: location and extent of

ischemiaF.

Forms of stress (advantages, disadvantages and
limitations)
1. Bicycle (upright, supine)
2. Treadmill (Bruce, Balke and Naughton pro

tocols)
3. Pharmacologic stress
4. Isometric handgrip

*5. Coldpressor
*6 Pacing(atrial, esophageal,other)

G. Adequacy of exercise
1. Maximum limit by symptoms
2. Aerobiccapacity
3. Heart rate response as percentage of pre

dicted maximum
4. Heartrate x systolic blood pressure (double

product)
5. Indications for submaximal exercise

H. Principles of exercise electrocardio@@ranMc
pretations
1. Seriousand not so seriousarrhythmiasb.

Unstable ischemic heart disease
c. Acute and/or chronic myocardial infarc

tion: extent, severity, prognosis, isch
emia, viability

d. Chest pain of uncertain etiology
e. Positive ECG treadmilltest

@ Uninterpretable exercise ECG
g. Hemodynamic significance of borderline

3XteflO@fl1phicfindings
h. Restenosis after PTCA
i. Function of coronaiy bypass grafts
I Risk stratification/prognosis

2. Congenital heart disease
a. Anomalous coronary artery
b. Newborn myocardial ischemia
c. Shunt detection

1. Left-to-right
2. Right-to-left

3 @on@hypertension
a. Chronic obstructive pulmonary disease
b. Vai@niarheartdisease2.

S-Tsegmentdepressionsandelevations
3. Uninterpretable electrocardiograms (left

bundle branch block, permanent pace
maker)

4. Difficult to interpret electrocardiograms
(resting ST-segment changes, digoxin ther

I).4
Idiopathic hypertrophicsubaortic stenosis

Methods of examination: planarimaging
@ @@permode and time of tracer injection

2. Time interval from injection to imaging
3@Need for multipleviews
4@Time perviewapy,

WPW)5. Pulse height discrimination (twopeaks)I.
Effects of various medications on exercise and6. Patient positioning (especially leftlateral)response

to exercise7. Differences between postexercise andrest1.
Beta-blockingagentsonlyimaging2.
Calcium channel-blocking agentsE.Methods of examination: SPEC!'imaging3.
Vasodilators1. Time interval from injection toimaging4.
Digitalis2. Pulse height discrimination (twopeaks)5.
Nitrates3. PatientpositioningII.Myocardial

Perfbsion Imaging
A. Radiopharmaceuticals

1. Thaffium-2014.

Continuous acquisition versus fixed angular
(step and shoot) acquisition

5. Time per planarprojection2.
Technetium-99m-teboroxime6. Number ofprojections3.
Technetium-99m-sestamibi7. 180Â°versus 360Â°acquisition(trade-offs)*4
Investigational @9@c-labeledagents8. Differences between planar and SPECF ac

*5 IPPAquisition protocols

--@--U-â€”- inter
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9. SPECT quality control
10. Gated SPECT

F. Computers/imaging processing
1. Imageenhancementtechniques
2. Backgroundsubtractiontechniques(i.e., in

terpolative backgroundsubtraction)
3. Stress/delayed image normalization
4. SPECF algorithms

a. Backprojection reconstruction
b. Filtering routines
c. Display techniques
d. Oblique angle reconstruction methods
e. Motion detection correction

5. Thallium-201quantification
a. Methods for evaluation of @Â°@Tlconcen

tration
b. Evaluation of 20111washout and kinetics
c. Thaffium-201reversibility
d. Thallium-20l redistribution (difference

from reversibility)
e. Definition of normal limits (patientswith

normal coronary arteries versus low
probabilityof disease)

f. Need for separate normalfiles for stress,
rest and dipyridamole

g. Sources of error
h. Attenuation correction methods
i_ Proffle techniques (circumferential ver

sus linear)
j. SPEC!'quantification(polarcoordinate

functional maps)
G. Image and data interpretation

1. Normal patterns versus abnormal ones
2. Fixeddefect
3. Reversible defect
4. Mixed, fixed and reversible defect
5. â€œReverseâ€•redistribution
6. Increasedlung activity
7. LV cavitydilatationâ€”fixedortransient
8. Slow 201Tlwashout as a marker of ischemia
9. Right ventricular uptake (differences be

tween rest and exercise studies)
H. Clinical accuracy and sources of error in inter

pretation
1. Bayesian analysis
2. Causesoffalse-positives
3. Causes of false-negatives
4. Quantitativeanalysis of washout (effects of

submaximal exercise, infiltrateddose, and
carbohydrate loading)

5. Differences between planar and SPECT im
aging: artifacts

6. Soft-tissueattenuationand patient motion
I. Relationship to other diagnostic tests

1. Stresselectrocardiogram
2. Exerciseradionuclideventriculography

3. Exercise two-dimensional echocardiogra

phy
4. Conventional indices of myocardial infarc

tion (resting electrocardiogram and en
zymes)

5. Exercise digital left ventriculogram
6. Digital coronary flow reserve
7. Fluoroscopyofthecoronaryarteries
*8.FastCF
9. CardiacMRI

10. Signal-averagedECG
11. Cardiaccatheterization
12. PET

ifi. Myocardlal Infarct Avid Imaging
A. Pertinent tissue changes in myocardial necrosis
B. Anatomic locations of infarcts according to dis

tributionof coronary arteries
C. Method of examination

1. Radiopharmaceutical
a. Technetium-99m-pyrophosphate
b. Indium-lil-antimyosin

2. Timedelayuntilstartof imaging
3. Selection of views and count accumulations
4. Decision about later views
5. SPECT

D. Interpretation and significance in each patient
1. Normal or abnormal
2. If abnormal,assigngradeto severityof in

farct
3. Location and extent of infarct
4. Importance of length of time from onset of

symptoms
5. Extracardiac abnormalities

E. Clinical accuracy for acute myocardial infarction
1. Causesof false-positiveresults
2. Causesoffalse-negativeresults
3. Significance of prolonged abnormal test

IV. Cardiac Blood-Pool Imaging with the Gated EqUIIIb
rium Technique
A. Exercise principles

1. Proper patient selection and contraindica
tions

2. Patientinstruction
3. Safety principles during monitoring
4. Treatmentof acute exercise arrhythmias
5. Indications for stopping exercise
6. Myocardial blood flow demandduring exer

cisc and limitations imposed by coronary
artery disease

*7 Estimationof cardiacwork,oxygencon
sumption and metabolic equivalents

8. Effects of conditioning
9. Physiologicchangesfollowing the cessation

of exercise
a. Venous pooling

B. Principles of gated equilibrium imaging
1. Different methodsof red blood cell labeling
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tole

and dose for

2. Alternative collimators
3. Supineversusuprightexercise
4. Imagingtimeandframingrate
5. List versusframemodeacquisition
6. Effects of arrhythmias
7. Arrhythmia rejection methods
8. Specialproblemsassociatedwith permanent

pacemakers
C. Ejection fraction determinations: left ventricle

1. Fixed versus variable region of interest
2. Edge detection algorithms
3. Multiple frame versus end-diastole/end-sys

4. Background determination
5. Validation studies
6. Reproducibility

D. Ejection fraction determinations: right ventricle
1. Optimal patient positioning
2. Right atrial contribution to end-systolic im

age
3.Background

E. Regional wall motion assessment
1. Multiple views
2. Terminology
3. Correlation of different segmentswith coro

nary artery anatomy

4. Grading systems
5. Validation studies
6. Reproducibility
7. Quantitative methods

F. Ventricular volume determinations
1. Relative changes from rest to maximum ex

ercise
2. Count-based versus geometric methods
3. Attenuation correction
4. Technical limitations
5. Normal limits
6. Physiologicfactorsaffectingventricular vol

umes
7. Validation studies
8. Reproducibility

0. Measurementof diastolic function
H. Aortic or mitral regurgitation

1. Chambersizes
2. Regurgitant fractions
3. Ventriculographicoutputs
4. Technical limitations

I. Phaseandamplitudeimaging
1. Mathematical principles
2. Definition of ventricular boundaries
3. Definition of early ventricular activation
4. Assessmentof wall motion
5. Clinical applications

J. Clinical applications for rest only or rest-exer
cisc testing

1. Diagnosis of coronary artery disease

2. Assessment of severity of coronary artery
disease

3. Assessmentof therapeutic intervention
4. Complicationsof coronary artery disease
5. Complications of myocardial infarction
6. Prognosticimplications
7. Timing of valvular surgery
8. Assessmentof congestivecardiomyopathies
9. Evaluationof hypertrophic cardiomyopathy

10. Congenital heart disease
ii. Assessment of dyspnea
12. Monitoring doxorubricin toxicity
13. Miscellaneous

V. CardiacBlood-PoolImagingwiththeFirst-PassTech
nique
A. Comparison with gated cardiac blood pool equi

librium
B. Method

1. Mode of injection
2. Synchronization with ECG
3. Evaluationofbolusquality
4. Transit time
5. Normal versus abnormal patterns
6. Ejection fraction

a. Left ventricle
b. Right ventricle

7. Regional wall motion
8. Intracardiacshuntmeasurements
9. Computerdataprocessing

C. Interpretation
1. LVEF normal, elevatedor decreased
2. RVEF normal, elevated or decreased
3. Wall motion
4.Shunts

D. Accuracy in clinical use
a. LV evaluation
b. RV evaluation
c. Doxorubricin toxicity
d. Coronary artery disease

E. Relationship of interpretation to each patient's
illness

CVI. Cardiac Flow Imaging (Anglecardlography)
*A Anatomy and pathophysiology of cardiac valvu

lar disease and intracardiac and great vessel
shunts

*B Examination procedure
*1. Choiceof radiopharmaceutical

single or serial injections
*2 Mode of injection
*3 Timing of rapid sequenceimages
*4 Computer acquisitionformat
*5 Patient position
*6 Duration of test or test phase

*C Interpretation
*1. Description of findings
*2 Conclusions related to clinical problems

*D Clinical indications and usefulness
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*1. SVC obstruction
*2 Congenital anomalies of cardiac chambers
*3 Intracardiac or great vessel shunts
*4 Valvular disease
*5 Dextrocardia

*6 Vessel transposition
*7@RV thrombus or atresia

*yff Vascular Flow Imaging (Peripheral Angiography)
*A Pertinent concepts of anatomy and diseases al

tering arterial flow dynamics
*1. Intravascular and external compression

causes of obstruction of large, medium or
small arteries

*2 Neck and cerebral vessels
*3. Thoracic and arm vessels
*4 Pelvic and leg vessels
*5 Hepatic perfusion abnormalities
*6 Renalblood flow disorders

*B Method of examination
*1. Choice of radiopharmaceutical and dose
*2 Site and mode of injection
*3 Patient positioning
*4 Timing of rapid sequence images
*5 Useof digitalcomputeracquisitionanddis

play
*6 Repeatprocedurewith changein positionor

other condition
*7 Combination with other procedures such as

liver, bone, brain or kidney imaging
*C. Interpretation

*1. Descriptionof normaland/orabnormalfind
ings

*2. Conclusion related to clinical problem
*VIll. VenousThrombosisImaging (Venography)

*A Pertinent concepts of anatomy and venous flow
*1. Normal venous patterns in the pelvis and

legs
*2 Individual variations
*3 Characteristics of deep and superficial ye

nous flows in the legs and pelvis
*4 Patterns and progression of deep venous

thrombosis and their clinical significance
*5@Extravascular causes of deep venous occlu

sion
*B Method of examination

*1. Flow type (dynamic) or blood pool type
venogram

*2 Radiolabeled fibrinogen
*3 Monoclonal antibody imaging

a. Advantages and limitations of each
b. Choice of radiopharmaceutical, dose,

site and mode of injection of each type
*4 Selection and timing of views
*5 Patientpositionandpartsof bodyto be im

aged
*6 Lung views?

*C Indications

* 1. Pain and/or swelling of leg or legs

*2 Pelvic pain
*3 Rapidonset of dilated superficialabdominal

or legveins
*4@Source of pulmonary emboli
*5 Repeat test for progression, improvement or

recurrence
*D Interpretation

*1. Normalversus normalvariation versusdeep
venousocclusion

*2 Relationship of imaging findings to clinical
problem

*3 Abnormalities on lung views, if available
*E Competitive/complimentary diagnostic modali

ties
*1. Impedanceplethysmography
*2 Doppler
*3 Vascular MRI
*4 Contrast venography

*Ix. Iodlne..131andIodine-123-MIBG
*A Patient dosimetry
*B Injection/imaging protocols
*C Clinical indications

*1. Myocardial infarction
*2 Cardiac transplantation
*3 Prognostic value

x. PErImaging
A. Radiopharmaceuticals

1. Perfusionimaging
a. Nitrogen-13-ammonia
b. Oxygen-15-water
c. Rubidium-82

2. Glucose metabolism
a. Fluorine-l8-fluorodeoxyglucose

3. Fatty acid metabolism
a. Carbon-ll-pahnitate
b. Carbon-li-acetate

B. Comparison to SPECT
C. Quantitation of myocardial blood flow
D. Identification of viable myocardium
E. Cost considerations

XI. Reimbursement Issues
A. CVF codes
B. Safe harbor regulations
C. Self-referral regulations

PART II: LABORATORYEXPERIMENTSAND
EXERCISES

A. Experiments(2â€”4hr each):
1. Camera set-up experiment
2. Planar QC experiment
3. SPECF QC experiment
4. Measurement of planar performance parameters

(LSFs, PSFs, FWHM, FWTM, sensitivity, etc.)
5. Measurement of SPEC!' performance parameters

(same as above + phantoms)
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6. Radiation protection lab (ALARA report, survey
meter, mock decontamination, etc.)

7. Filtering experiment
8. Dose calibrator
9. SPEC!' processing QC

B. Exercises:
Five to ten patients each, process the following type
of studies:
1. Equilibrium radionuclide ventriculography (LV

and RV EF, phase analysis, functional images)
2. First pass radionuclide angiocardiography (same)
3. Reconstruct tomographic perfusion studies + po

lar quantification and/or
4. Planar perfusion studies with quantification (in

cluding washout)

PART III: SPECIFiC TRAINING PROGRAM
REQUIREMENTS

A. It is strongly recommended that any institution that
sponsors a cardiovascularnuclearmedicine training
programshouldsatisfy the following:
1. The number of clinical cardiovascular nuclear

medicine cases performed should signfficantly
exceedthe minimum number of casesrequired
for individualphysician participation(see B be
low). This is necessary so that cases used for
trainingrepresent the highest quality, most chin
ically relevant studies. The absolute number of
cases performed by the institution per year is not
specified in these guidelines.

2. A teaching file of cardiovascular nuclear medi
cine cases must be readily available to trainees.

3. Correlative imaging modalities, including at least
cardiac catheterization and two-dimensional
echocardiography, should be performed at the
sponsoring institution.

4. The sponsoring institution should be involved in
research in cardiovascularnuclear medicine.

5. A qualityimprovement(TQM) programshould
be in place which monitors and evaluates tech
nical and clinical aspects of patient care.

6. The faculty roster must include individuals who
are responsible for training in basic sciences,
including radiation safety, physics and radiop
harmacy.

7. An academic affiliation with a medical school
is recommended, but not required.

B. The following minimum case requirement is rec
ommended for each trainee:

Functional imaging: 150
Perfusion imaging: 500

The trainee should be involved in the perfor
mance and interpretationof these cases. Of the
perfusion scans, a minimum of 50 should be pla
nar and a minimum of 350 should be SPEC!'. At
least 50 (or 10%) perfusion scans should be per
formed with pharmacologic stress.

C. For trainees in cardiovascular nuclear medicine
who have not already completed a cardiology
fellowship (i.e., nuclear medicine and radiology
residents) rotations in the cardiac catheterization
and exercise physiology (treadmill) laboratories
should be mandatory. Trainees should directly
observe procedures, but are not required to per
form them.
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