MiRIS MRI Program Curriculum

Summer I:

MRI(T) 200 (MRIT 101) Professional Prospectus:

ASRT Curriculum:

Ethics and Law in Radiologic Sciences

Fundamentals of Imaging Science and Health Care

Course Description:

This course serves to orientate the MRI student to the profession of medical imaging. Students will explore the integration of MRI within the encompassing health care system.  The evolution of MRI as a profession will be investigated with students classifying various organizations and agencies that drive the development and continuing education of the MRI technologist's role and responsibilities. 

Textbook: 

Arlene Adler & Richard Carlton.  Introduction to Radiologic Sciences and Patient Care. Elsevier Saunders. Edition: 5. ISBN: 978-1-4377-1646-7.

Pre-requisites: 

Admission to the MiRIS Magnetic Resonance Imaging Program.

Co-requisites:

MRI Pre-Clinical Preparation (MRI 260)

Sectional Anatomy (MRIT 229)

Outcomes:

1. Characterize the health care industry and compare various health care professions.

a. Discuss the role of various health care professions within the total health care system.
b. List and explain various health care delivery systems.
c. Describe the typical organization of a modern hospital.
d. Define and explain the value of accreditation, credentialing, certification, licensure, and regulation in relationship to health care environments.
e. Discuss the role of The Joint Commission and discuss its implications.
f. Define Health Insurance Portability and Accountability Act (HIPAA) and discuss its implications.
g. List and explain the ancillary services with a modern day imaging department. Explain the services for each.
h. List the members of the health care team with whom the MRI Technologist may frequently interact with and describe the role of each.
2. Identify effective communication methods and discuss the ways in which diversity can affect communication.
a. Define therapeutic communication, both verbal and non-verbal, and explain the theory behind each element.
b. Identify blocks to therapeutic communication.
c. Discuss communication across the age continuum.
d. Explain the patient interview process and list the requirements for its successful completion.
e. Identify the use of problem-solving process in patient education.
f. Define diversity and explain how it affects communication.
g. Provide ways to overcome diversity in order to provide quality patient care.
h. Differentiate between culture and ethnicity.
i. Explain basic physical and emotional need of patients.
j. Describe Abraham Maslow's hierarchy of needs and how they relate to patient attitude and behavior.
k. Define personal value system and the interrelationship between personal values, community values, and societal values.
l. Explain the influence a person's value system has on his/her behavior.
m. Discuss family dynamics, age, gender, culture, social, ethic and lifestyle considerations and their impact on health status.
3. Describe the roles and responsibilities of the MRI Technologist.
a. Define and describe competency.
b. Determine the importance of having competent technologist working in the MRI Department.

c. Explain critical thinking and describe its place in the profession of MRI Technology with regards to patient care.
d. Describe the various duties of the MRI Technologist and provide a description for each.
e. Explain how the MRI Technologists duties affect patient care.
f. Determine the consequences that can occur if a technologist is not acting in a responsible manner.
g. List the expectations patients may have of the MRI Technologist assigned to his/her care.
h. Explain methods used to make an accurate assessment of the patient's needs in the MRI Department, and explain the rationale for using this method. 
4. Characterize the educational and professional development of MRI Technology.
a. Explain how MRI technology has evolved to meet the definition of a profession.
b. Identify the educational requirements for the MRI profession and explain the role of the Joint Review Committee of Education in Radiologic Technology (JRCERT).
c. Explain the role of the American Registry of Radiologic Technologists (ARRT) and discuss the reasons for securing professional credentials.
d. Explain the role of the American Society of Radiologic Technologists (ASRT) and discuss the benefits of maintaining membership in the ASRT as well as other professional organizations such as the Michigan Society of Radiologic Technologists (MSRT).
e. Describe the CARE Bill and discuss its implications to the profession.
f. Locate the Radiographer's Practice Standards and identify the various elements within the MRI Technologist's scope of practice as defined by the ASRT.

g. Locate the Radiographer's Professional Code of Ethics and identify various attitudes, values and conduct the professional MRI Technologist must maintain as defined by the ARRT.
h. Discuss continuing education and the ways that technologists can receive them to stay current in the field.
i. Describe how professional values influence patient care.
5. Describe the legal and ethical implications in MRI.

a. Describe ethics as a philosophical belief, and the moral, societal, and cultural basis for the development of ethics.
b. Cite examples of how personal and professional ethics can conflict.
c. Explain the role of professional ethics in health care delivery.
d. Differentiate between empathetic rapport and sympathetic involvement in relationships with patients and relate to ethical conduct.
e. Explain the concepts of honesty, integrity, accountability, competence, and compassion as ethical imperatives in health care.
f. Discuss common ethical issues within the health care environment regarding such concerns as patient autonomy, beneficence, confidentiality, double-effect, fidelity, justice, non-maleficence, and paternalism, sanctity of life, truthfulness, and respect for property.
g. Explain the role of the Ethics Committee in a hospital setting.
h. Explain the role of the Risk Management department in a hospital setting.
i. List the concepts embodied in the Patient's Bill of Rights as defined by the American Hospital Association.
j. Define the elements and implications of informed consent, and identify how they are relevant to MRI procedures.
k. Explain the purpose, legal considerations, and procedures for reporting an occurrence or incident in a hospital setting.
l. Explain the importance of accurate, complete, and correct methods of documentation as a legal/ethical imperative.
m. Define specific legal terms, principles, and laws: to include the four sources of law, statutory, administrative, common, and constitutional; the difference between civil and criminal liability; and the difference between intentional and unintentional torts.
n. Identify the elements necessary for a valid malpractice claim.
o. Define specific legal doctrines to include vicarious liability, respondeat superior, and res ispa loquitur.

p. Discuss the correlation between medical ethics and medical law.
q. Describe institutional and professional liability protection typically available to the MRI Technologist. 

MRI(T) 260 (MRIT 100) Pre-Clinical Preparation:

ASRT Curriculum:

Clinical Practice and Patient Management 
Ethics and Law in Radiologic Sciences

MR Instrumentation and Imaging 

MR Pulse Sequences, Image Formation, and Image Contrast

MR Safety

Pharmacology and Drug Administration

Physical Principles of Magnetic Resonance Imaging

Course Description:

This course prepares the MRI student for safe participation in clinical education within the MRI environment.  Students will explore and discuss the importance of MRI safety and patient assessment.  While most of the course is delivered online, students will practice and master various safety procedures in a face-to-face workshop setting.

Textbook:

Arlene Adler & Richard Carlton.  Introduction to Radiologic Sciences and Patient Care. Elsevier Saunders. Edition: 5. ISBN: 978-1-4377-1646-7.

Catherine Westbrook, Carolyn Kaut Roth, John Talbot. MRI in Practice. Blackwell Publishing. Edition:4 ISBN: 978-1-4443-3743-3. 

Pre-requisites: 

Admission to the MiRIS Magnetic Resonance Imaging Program.

Co-requisites:

MRI Professional Prospectus (MRI 200)

Sectional Anatomy (MRIT 229)

Outcomes:
1. Detail the history of MRI.
a. Describe the history of imaging and identify the father of imaging.
b. Explain who discovered MRI and in what year.
c. Determine how the first MRI image was created and by whom.
d. Determine and list the governing bodies of MRI.
e. Determine who is in charge of MRI safety guidelines and who is responsible within the MRI facility.
f. Determine how MRI was given its name and define resonance.

g. Determine what sets MRI apart from all other imaging modalities.
2. Identify MRI safety practices.
a. Identify the MRI safety zones and determine the individuals permitted in each area.
b. Discuss the fringe field and determine the hazards associated with it.
c. Identify the necessary steps taken to deal with an emergency situation within the MRI suite.
d. Define quenching and determine the steps that should be taken if a quench occurs with a patient in the MRI scanner.
e. Determine and list the biological effects associated with MRI.

f. Identify the safety precautions when using surface coil and determine the effect of not monitoring.
g. Explain SAR limits and determine who regulates these limits.
h. Define gauss line and determine the limits for various implants and equipment.
i. Discuss projectiles and determine the safety hazard that can occur if a medical instrument becomes a projectile.
j. Determine the importance of using ear protection and acoustic noise limits.
k. Explain the effects that ferromagnetic material has within the MRI suite and list various ferromagnetic medical devices that are not permitted with the MRI suite.
l. Discuss the importance of patient education and communication as it pertains to patient safety.
m. Determine who should be trained on MRI safety.
n. Identify the safety concerns for a pregnant technologist and determine the guidelines that should be followed once a technologist has declared their pregnancy.
o. List department safety measures that must be taken to prevent and control fires, patient falls, poisoning, burns, or injury from hazardous materials, as well as measures to evacuate patients in case of disaster.
3. Identify the importance of patient assessment and patient screening practices.
a. Determine and explain the importance of patient screening forms.
b. Determine the types of questions that should be asked on all patient screening forms.
c. Describe how to give clear verbal instructions to an ambulatory patient concerning the correct manner of dressing and undressing for their MRI procedure and describe how to accurately assess a patient's needs for assistance.
d. Determine the steps that should be taken if a person other than the patient is entering the MRI suite.
e. Determine the necessary steps required to determine if a patient's implant is safe within the MRI suite.
f. Determine who is ultimately responsible for patient safety once they have entered the MRI suite.
g. List various types of implants that are of particular concern to the MRI Technologist and describe why these implants are so important to identify.
h. Define claustrophobia and identify steps that can be taken to help the claustrophobic patient.
i. Identify the importance of screening patients for pregnancy and the effects that MRI has on the fetus.
j. Discuss the importance reviewing the patient's chart.

4. Identify patient considerations that will require the MRI Technologist to use critical thinking in order to perform a diagnostic exam.
a. Discuss special considerations of imaging geriatric or pediatric patients and describe their special care needs.
b. Discuss professional, appropriate, age-effective communication strategies for pediatric patients, parents, and guardians during the MRI exam.
c. Discuss safe methods of immobilizing pediatric, mental impaired or combative patients.
d. Identify additional considerations that are associated with scanning a critical care patient, determine the various lines and tubes that these patients may have in place and discuss the purpose and types.
e. Identify the type of equipment that critical care patients may have in place that are incompatible with MRI.
f. Discuss the various methods of acquiring an MRI scan on a severely claustrophobic patient; determine procedures and medications that can be given.
g. Describe the types of equipment used within the MRI suite to monitor the patient during their exam and identify the normal limits for blood pressure, pulse rate, and respirations.
h. Describe symptoms of a patient that needs suctioning and explain the action of the technologist should this occur.
i. Describe and discuss the measures taken when an emergency occurs when a patient is inside the MRI scanner.
5. Identify common drug names, common uses, effects on the body, routes of administration, and basic characteristics of contrast medias used in the imaging department with an emphasis on the MRI department.
a. List the precautions and restrictions all health care professionals must take when administering drugs.

b. Explain legal accountability for all health care professionals who administer drugs. 

c. Discuss drug standards and methods of controlling drugs with a potential abuse.

d. Explain how drugs are named and the sources of drugs.

e. Define "over-the-counter" drugs and explain alternative medications.

f. Define pharmokinentics and pharmodynamics.

g. Differentiate between side effects and adverse drug reactions.

h. Describe the process involved in drug absorption, distribution, metabolism and excretion.

i. Define and discuss the routes of drug administration.

j. Explain the manner in which drugs exert their action on the body.

k. Differentiate between drug action and drug effect; between drug agonists and drug antagonists.

l. Identify common drugs in each category that the MRI Technologist may work within the MRI department and then identify the uses, side effects, and impact on medical imaging of each. 

m. List the five "rights" of drug safety.

n. Define the common "positive" and "negative" contrast medias and identify how they affect the images.

o. Explain the properties of gadolinium and define chelate and its importance.

p. Determine the importance of reviewing laboratory data and discuss the normal values.

q. Determine the importance of GFR and list the types of patient's it is necessary to obtain a GFR on prior to administering contrast.

r. Discuss the importance of dialysis for renal impaired patients receiving contrast media.

s. Discuss Nephrogenic Systemic Fibrosis (NSF).

t. Discuss the concerns for seizure patients receiving gadolinium and the precautions that should be taken for these patients.

u. List the items to be included in the patient's assessment before the administration of a contrast agent.

v. Discuss the importance of screening patients for pregnancy prior to administering contrast and the effects that the contrast may have on the fetus.

w. Discuss the procedure for administering contrast on a breastfeeding mother.
6. Detail infection control risks as related to the MRI department.
a. Define the basic terminology used in the practice of infection control.

b. Define nosocomial infections and list the most common types associated to hospitals and the MRI department and prevention techniques.

c. List and describe four known microorganisms that may cause infection.

d. List and define the factors that contribute to infection.

e. Describe methods of controlling infection in the health care setting.

f. Discuss the modes of transmission of HIV, hepatitis, tuberculosis, MERSA, and other current disease concerns, as well as the methods of preventing transmission in the health care setting. 

g. Describe various types of immunities.

h. List regulatory agencies that set and maintain the guidelines for infection control.

i. Define the two tiers of isolation precautions, Standard Precautions and Transmission-Based Precautions as outlined by the Center for Disease Control and Prevention (CDC), and describe precautions required for each tier.

j. Explain the necessary steps taken when bringing an isolation patient to the MRI department.

k. Determine the types of personal protective equipment used in the MRI department and determine considerations that must be taken when using masks.

l. Explain the action taken if exposed to blood or body fluids or subjected to a needle stick in the course of the work setting.

m. Describe the proper use of protective wear.

n. Describe proper cleaning and disposal of contaminated waste.

o. Discuss and list the MRI specific Joint Commission best practices.
7. Describe the various medical equipment found within the MRI department and the quality control measures used to maintain the equipment.
a. Discuss the equipment used for monitoring patients during their exam and describe their function.

b. Discuss the proper handling of surface coils and then determine the safety measures the technologist must take when placing the coils on the patient.

c. List the various types of immobilizers used in the MRI suite and explain their purpose.

d. Discuss the purpose for using protective pads.

e. Determine the components of the magnet and provide a description for each.

f. Discuss the purpose of the MRI council and computer equipment.

g. Determine the American College of Radiography (ACR) guidelines for quality control (QC) and quality audit (QA). Provide examples of quality control.

h. Determine who is responsible for QC checks on the MRI equipment.

8. Identify the various medical procedures that occur within the MRI department.

a. Demonstrate proper gowning and clean up when scanning a patient in isolation precautions

b. Demonstrate an understanding for MRI safety and identification of ancillary equipment.

c. Identify exams that the MRI technologist will have to demonstrate sterile technique.

d Define surgical asepsis and medical asepsis.

e. Explain the MRI technologist's role in maintaining surgical aseptic technique.

f. Demonstrate the correct method of opening a sterile pack and placing a sterile object on a sterile field.

g. Demonstrate the correct method of dressing in sterile gowns, gloves, masks, and protective hair and shoe covers.

h. Discuss the considerations proper steps for preparing a patient for general anesthesia or conscious sedation.

i. Determine various specialty exams that are performed within the MRI suite.

j. Discuss basic positioning for routine exams.

k. Demonstrate the correct method for performing venipuncture.
MRI 241 (LCC- MRIT 229/ LMC MRIT 114) Sectional Anatomy:

ASRT Curriculum:

MR Imaging Procedures

Sectional Anatomy

Course Description:

This course is a study of human anatomy as seen in multiple planes.  Students will review the gross anatomy of the entire body and identify anatomic structures in the axial, sagittal, coronal, and orthogonal planes.  Emphasis will be applied to the appearance characteristics of each structure as seen on illustrations and photographic images correlated with magnetic resonance (MR) and computed tomography (CT). 

Textbook:

Lorrie L. Kelley & Connie Petersen.  Sectional Anatomy for Imaging Professionals.  Mosby Inc. Edition: 3. ISBN: 978-0-3230-8307-2.

Lorrie L. Kelley & Connie Petersen.  Workbook for Sectional Anatomy for Imaging Professionals.  Mosby Inc. Edition: 3. ISBN: 978-0-3230-9419-1.

Pre-requisites: 

Admission to the MiRIS Magnetic Resonance Imaging Program.

Co-requisites:

MRI Professional Prospectus (MRI 200)

MRI Pre-Clinical Preparation (MRI 260)

Outcomes:
1. Identify anatomic planes and positions.
a. Identify directional terms used in anatomy, body cavities, and abdominal regions.
b. Identify anatomical positions located throughout the body.

c. Describe anterior-posterior, proximal-distal, and lateral-medial relationships of anatomy.

d. State advantages and disadvantages of axial, sagittal, coronal, and oblique images (i.e. what structures are best demonstrated).

e. Identify and discuss major anatomical landmarks.
2. Identify and discuss the anatomical structures as seen in multiple orthogonal planes on MRI and CT images.
a. Identify the structures of the internal auditory canal and its relationship to the brain.

b. Identify the protective layers of the brain and spaces.
c. Identify the components of the ventricular system.

d. Describe the location and function of the components of the cerebrum, brainstem, and cerebellum.

e. Identify and state the characteristics of one type of vertebrae and structural components compared to another.
f. Identify and describe the structures of the lungs.

g.. Discuss the relationship between the pericardial sac, pericardium, and pericardial cavity.
h. Identify and discuss the components of the chest, heart, mediastinum, brachial plexus, and breast.

i. Identify the structures that make up the abdominal cavity and differentiate between which are found in the peritoneum compared to those that are not.
j. Identify and describe the lobes of the liver, the pancreas, and spleen
k. Differentiate between the greater or false pelvis and the lessor or true pelvis.

l. Identify the sacral iliac joints, sacrum, and coccyx.

m. Describe the location of the bladder in relation to the reproductive organs.

n. Identify the structures that make up the shoulder girdle.
3. Identify the major systems of the human body and the organs associated with each system.
a. Identify the anatomy associated with the central nervous system and its components on diagrams and scans.

b. Identify the anatomy associated with the respiratory system and its components on diagrams and scans.
c. Identify the anatomy associated with the cardiovascular system and its components on diagrams and scans.

d. Identify the anatomy associated with the lymphatic system and its components on diagrams and scans.

e. Identify the anatomy associated with the digestive system and its components on diagrams and scans.
f. Identify the anatomy associated with the urinary system and its components on diagrams and scans.

g. Identify the anatomy associated with the male and female reproductive system and its components on diagrams and scans.

h. Identify the anatomy associated with the musculoskeletal system and its components on diagrams and scans.

4. Identify the major organs and vasculature of the body on MRI and CT images.
a. Describe the anatomical relationship of the jugular vein, external jugular vein, internal carotid artery, external carotid artery, and surrounding structures.

b. Identify the major arteries of the cerebrum and list the structures they supply.
c. List the arteries that make up the Circle of Willis.
d. Describe the pathway of the major vessels located within the neck.
e. Identify the structures of the heart and describe the circulation of blood through it.

f. Identify the great vessels and describe the distribution of their associated arteries and viens.

g. Identify the structures of the abdomen and describe the circulation of blood through the abdominal region.
h. List the structures of the biliary system.

i. Identify the structures of the pelvis and describe the circulation of blood through the pelvic region.
j. Identify the circulation of blood through the upper and lower extremities.
5. Identify and discuss the anatomical relationship between bone, tendons, ligaments, muscles, blood vessels, and nerves.
a. Identify the location and structures of each cranial and facial bone. 
b. Identify the structures that make up the temporomandibular joint.
c. Identify the bones and nerves associated with the orbit.

d. List the muscles of the eye.

e. Identify the function and pathway of the cranial nerves.
f. Differentiate between the structures of typical and atypical vertebrae.
g. Identify the ligaments and muscles associated with the spine.

h. Describe the components of the spinal cord and nerves.

i. Identify the triangles of the neck and the muscles that divide them.
j. List the pharyngeal muscles.

k. Describe the location of the glands located in the neck.
l. Identify the bones that make up the bony thorax.

m. List the muscles involved in respiration.

n. List the muscles of the abdomen.
o. Identify the structures of the bony pelvis.
p. List the muscles of the pelvis.

q. Identify the bony anatomy of the upper extremity.

r. List and identify the muscles, ligaments, and tendons associated with the upper extremity joints.

s. Identify the bony anatomy of the lower extremity.
t. List and identify the muscles, ligaments, and tendons associated with the lower extremity joints.
Fall:

MRI(T) 220 (MRIT103) MR Physics I:

ASRT Curriculum:

MR Imaging Procedures

MR Parameters, Imaging Options, and Quality Assurance

MR Instrumentation and Imaging

MR Pulse Sequences, Imaging Formation, and Image Contrast

Physical Principles of Magnetic Resonance Imaging

Course Description:

This is the first in a series of two courses that provide the MRI student with a basic foundation of MRI physics.  Students will explore the properties of atoms and their interactions within the magnetic field.  Emphasis will be placed on the basic principles of MRI, data acquisition, and tissues characteristics in image formation.  

Textbook:

Catherine Westbrook, Carolyn Kaut Roth, John Talbot. MRI in Practice. Blackwell Publishing. Edition:4 ISBN: 978-1-4443-3743-3.
Stewart C. Bushong. Magnetic Resonance Imaging: Physical and Biological Principles. Mosby, Inc.. Edition: 3. ISBN: 978-0-323-01485-4.
Pre-requisites:

Admission to the MiRIS Magnetic Resonance Imaging Program.

Completion of:

MRI Professional Prospectus (MRI 200)

MRI Pre-Clinical Preparation (MRI 260)

Sectional Anatomy (MRIT 229)

Co-requisites:

MR Procedures and Pathophysiology I (MRIT 230)

Computer Applications in Medical Imaging (MRIT 115)

MRI Clinical Practice I (MRI 261)

Outcomes:
1. Identify and discuss the basic principles of MRI.
a. Differentiate between nuclear magnetic resonance and magnetic resonance imaging.

b. Discuss the role of electromagnetism in MRI.

c. Identify the three requirements for MRI.

d. Discuss the basic structure of the atom.

e. Identify the three types of motion present with an atom.

f. State the Larmor Equation and relate its importance to MRI

g. Describe the appearance of net magnetization on a vector diagram.

h. Discuss and define resonance.

i. State the conditions necessary for resonance to occur.

j. Characterize MR active nuclei.

k. Identify Quantum theory as it relates to MRI.

l. Differentiate between the magnetic moments of hydrogen nuclei as they align with Bo.

m. Discuss procession and identify its relationship to magnetic moments.

n. Discuss flip angle as it relates to the nuclear magnetic vector.

o. Differentiate between In and Out of Phase conditions.

p. State Faraday's Law of Electromagnetic Induction.

q. Discuss the importance of Faraday's Law of Electromagnetic Induction to MRI.

2. Identify and discuss the intrinsic parameters that affect image quality.
a. Discuss the relaxation of hydrogen as the nuclear magnetic vector returns to Bo.

b. Identify the two basic measurements of relaxation in magnetic resonance.

c. List the intrinsic contrast parameters.

d. Differentiate between T1 recovery and T2 decay as seen on a graph.

e. Differentiate between fat and water.
f. Discuss and differentiate between T1 recovery in fat and T1 recovery in water.

g. Discuss and differentiate between T2 decay in fat and T2 decay in water.

h. Differentiate between T1 contrast and T2 contrast of both fat and water.

i. Discuss proton density contrast.

j. Discuss the impact intrinsic contrast parameters have on image weighting.
3. Identify and discuss the extrinsic parameters that affect image quality.
a. Discuss pulse timing parameters.

b. Discuss the impact extrinsic contrast parameters have on image weighting.

c. Discuss and identify the importance of repetition time (TR).

d. Discuss and identify the importance of echo time (TE).

e. Discuss Time from Inversion (TI) and identify its use for weighting in an Inversion Recovery pulse sequence.

f. Identify the pulse sequences and operator control variables necessary to achieve image contrast.

g. Differentiate between the following pulse sequences: spin echo, fast spin echo, inversion recovery, gradient echo, and echo planar.

h. Describe the differences in TR for each type of pulse sequence.

i. Discuss and identify the weighting for each type of pulse sequence.

j. Identify the phase, frequency, and slice select position for each type of pulse sequence.
4. Explore the localization of the gradients and their use in signal encoding.
a. Discuss Fourier Transform as it relates to signal encoding.

b. Identify the need for gradients.

c. Differentiate between the X, Y, and Z gradients.

d. Discuss k-space.

e. Discuss the areas in k-space to store the signal amplitude.

f. Discuss and differentiate between frequency encoding, phase encoding, and slice select gradients.

g. Identify how the gradient causes precessional frequencies to vary.

h. Identify the steps necessary to calculate the magnetic field at any point along the gradient.

i. identify how the phase encoding gradient, frequency encoding gradient, and slice select gradient correspond to the physical gradient.
5. Describe the operator control variables and discuss their impact on signal-to-noise and resolution.

a. Identify the parameters in a spin echo (SE) sequence (TR, TE, and Bandwidth).

b. Discuss the signal-to-noise ratio (SNR).

c. Discuss spatial resolution.

d. Differentiate between the parameters that affect SNR and detail.

e. Discuss the causes of artifact and identify ways to correct it.

f. Identify the types of resolution that are important to the MR image.
MRI(T) 230 (MRIT 102) MR Procedures and Pathophysiology I:

ASRT Curriculum:

MR Imaging Procedures

MR Pathology

MR Pulse Sequences, Imaging Formation, and Image Contrast

Course Description:

This is the first in a series of two courses that will provide the student with considerations related to routine imaging techniques of the central nervous system (CNS) and musculoskeletal system (MSK).  Students will explore the signal characteristics of normal anatomy and compare it to common pathologies.  Emphasis will be placed on tissue characteristics, protocol options, and positioning considerations.

Textbook:

Catherine Westbrook. Handbook of MRI Techniques. Blackwell Publishing. Edition: 3. ISBN: 978-1-4051-6085-8.
Pre-requisites:

Admission to the MiRIS Magnetic Resonance Imaging Program.

Completion of:

MRI Professional Prospectus (MRI 200)

MRI Pre-Clinical Preparation (MRI 260)

Sectional Anatomy (MRIT 229)

Co-requisites:

MR Physics I (MRIT 103)

Computer Applications in Medical Imaging (MRIT 115)

MRI Clinical Practice I (MRI 261)

Outcomes:
1. Describe MRI room and patient preparation for various examinations of the CNS and MSK.
a. Identify the types of magnets used in clinical practice. 

b. State the coils available for MR and their specific application. 

c. Identify the ancillary equipment needed to complete routine CNS and MSK exams. 

d. List the steps taken to prepare the MRI room for a patient. 

e. List the steps taken to clean the MRI room after a procedure.
2. Describe patient positioning for various CNS and MSK exams.
a. State the positioning criteria for the brain and spine. 

b. Discuss the positioning criteria for patients with abnormal curvatures of the spine. 

c. Discuss the positioning criteria for anatomy that is not easily centered (i.e. wrist, hand). 

d. Evaluate images for proper positioning to ensure necessary anatomy is visualized. 

e. Describe the differences between adult and pediatric positioning for CNS and MSK exams. 

f. Discuss the positioning options for claustrophobic patients.
3. Identify when intravenous contrast is indicated for CNS and MSK exams.
a. Explain the use of contrast media in evaluating pathology of the CNS and MSK. 

b. Describe the effects of contrast agents on visualizing pathology. 

c. List the types of pathology that may require contrast. 

d. Differentiate between positive and negative contrast agents. 

e. Identify the types of exams that would require the use of a positive contrast agent. 

f. Discuss blood pool agents and compare it to gadolinium.
4. Describe the normal MR characteristics of various tissue structures within the CNS and MSK.
a. Describe the imaging parameters that determine image contrast. 

b. Discuss and identify the appropriate pulse sequences for CNS and MSK exams. 

c. Differentiate between normal tissue characteristics of the CNS and MSK and abnormal tissue characteristics. 

d. Identify the differences in anatomical appearance between T1 and T2 weighted sequences of normal anatomy. 

e. Differentiate between tissue signal characteristics of anatomical structures with and without contrast. 

f. Describe the differences in tissue signal characteristics between adult and pediatric CNS exams.
5. Describe sequences used to optimize the visualization of pathologies.
a. State the pathologies that commonly require an MRI study. 

b. Discuss the signal characteristics displayed by abnormal tissue during various pulse sequences. 

c. Identify the common indication and common pathologies of the central nervous system, soft structures of the head and neck, and the musculoskeletal system and determine the sequences necessary for proper diagnosis. 

d. Describe and discuss the imaging planes and sequencing parameters that maximize the diagnostic value of the central nervous system (i.e. brain, spine). 

e. Describe and discuss the imaging planes and sequencing parameters that maximize the diagnostic value of the musculoskeletal system (i.e. upper extremity, lower extremity, and shoulder girdle). 

f. Identify the sequence changes that a technologist may make when imaging a pediatric patient. 

g. Identify how the field strength affects the ability to visualize pathology.
MRI(T) 201(MRIT 115)  Computer Applications in Medical Imaging:

ASRT Curriculum:

Computers in Imaging and Medical Informatics

MR Instrumentation and Imaging

Course Description:

This course serves to provide the MRI student with a basic understanding of computer applications.  Students will explore the components, principles, and operation of digital imaging systems, image data management, and data manipulation as it relates to the imaging department.  Students will also explore the basic concepts of patient information management including medical record concerns, patient privacy, and regulatory issues.

Textbook:

Keith J. Dreyer, David S. Hirschorn, James H. Thrall & Amit Mehta. PACS: A Guide to the Digital Revolution. Springer-Verlag New York, LLC. Edition: 2. ISBN: 978-0-3872-6010-5.
Stewart C. Bushong. Magnetic Resonance Imaging: Physical and Biological Principles. Mosby, Inc.. Edition: 3. ISBN: 978-0-323-01485-4.

Pre-requisites:

Admission to the MiRIS Magnetic Resonance Imaging Program.

Completion of:

MRI Professional Prospectus (MRI 200)

MRI Pre-Clinical Preparation (MRI 260)

Sectional Anatomy (MRIT 229)

Co-requisites:

MR Physics I (MRIT 103)

MR Procedures and Pathophysiology I (MRIT 230)

MRI Clinical Practice I (MRI 261)

Outcomes:

1. Identify various terms related to computer fundamentals and components. 
a. Discuss and define medical informatics and list examples of informatics systems currently found in the imaging department. 

b. Apply current MRI knowledge base to use computerized systems in medical imaging. 

c. Describe the major function of the central processing unit (CPU) and identify how it relates to imaging. 

d. Identify the hardware components related to computer fundamentals (i.e. hard drive, mouse) 

e. Differentiate between the internet, intranet, and other online services.
f. List the various types of memory.
2. Identify and discuss the types of computer systems used in medical imaging.
a. Identify the types of computers used in health care. 

b. Discuss the radiology information system (RIS). 

c. Discuss the hospital information system (HIS). 

d. Differentiate between the RIS and HIS system. 

e. Define picture archival and communication system (PACS). 

f. Define digital imaging and communication in medicine (DICOM). 

g. Discuss network topology and list the factors that determine which network the imaging department should use. 

h. Describe the distinguishing features of the MRI computer.
3. Define and distinguish between analog-to-digital conversion and digital signal processor.
a. Define analog-to-digital converter. 

b. Discuss the purpose of the digital-to-analog converter and its importance to MRI imaging. 

c. Identify the steps that occur from the digital-to-analog converter to the RF power amplifier. 

d. Define digital signal processor (DSP). 

e. Discuss the purpose of the digital signal processor and its importance to MRI imaging. 

f. Identify the benefit of having more than one digital signal processor.
4. Describe and discuss the use of Picture Archiving and Communication Systems (PACS) in medical imaging.
a. Discuss the use of technology to retrieve, evaluate, and apply information to patient images. 

b. Discuss what a picture archival and communication system (PACS) is and determine its use in the imaging department. 

c. Identify the various systems that make up the PACS (i.e. physician review station, archive system, RIS). 

d. Compare and contrast the various types of PACS display workstations. 

e. Differentiate among the different types of digital imaging workflow. 

f. Summarize the common functions found on a PACS workstation. 

g. Discuss the image manipulation and enhancement functions after the exam has been saved (i.e. window/level, annotation, flip and rotate).
5. Identify the major components of the MRI system and the subassemblies of each.
a. Identify the hardware requirements for the MRI system. 

b. Name the three major components of an MRI system. 

c. List the three types of MRI systems and describe features of each. 

d. Identify the principle controls on the MRI operating console. 

e. Discuss the cryogen storage and crygogenerator and their importance to MRI. 

f. Identify the shim coils and their purpose. 

g. Discuss the gradient coils. 

h. Describe quadrature detection and its relevance to MRI signal detection. 

i. Explain the functionality of the radio frequency system in MR imaging. 

j. List the advantages and disadvantages of surface coil imaging. 

k. List the advantages and disadvantages of both permanent and superconducting electromagnets. 

l. Identify the characteristics of the Bo magnetic field that influence site selection. 

m. Name equipment that can be caused to malfunction because of the fringe magnetic field. 

n. Describe why the MRI department suite must be RF shielded. 

o. Discuss construction features particularly appropriate for an MRI suite. 

p. Discuss digital imaging in MRI. 

q. Discuss matrix, voxel, and k-space. 

r. Describe the features of a visual image. 

s. Discuss the representation image.
t. Discuss the pixel character of an MRI image.
6. Differentiate among the various input and output devices.
a. List the components of a computer that make up the input devices. 

b. List the components of a computer that make up the output devices. 

c. Discuss the area of the imaging department that voice activation and voice output might be useful. 

d. Discuss the various types of imaging monitors and identify which type of most appropriate for the imaging department.
7. Identify the components of an electronic medical record and the challenges of protecting patient information.

a. Discuss ethics and identify how to apply them to the Radiology department. 

b. Differentiate between the various patient records. 

c. List the contents of a medical record. 

d. Discuss the proper procedure for charting in a patient's medical record. 

e. Assess HIPPA and its application to the patient information system. 

f. List the requirements of a patient consent document. 

g. Identify the challenges in protecting patient information. 

h. Discuss privacy and regulatory issues related to patient information. 

i. Identify potential abuses related to using confidential patient information.
MRI(T) 261 (MRIT 105) Clinical Practice I:

ASRT Curriculum:

Clinical Practice and Patient Management

Ethics and Law in Radiologic Sciences

MR Imaging Procedures

MR Parameters, Imaging Options, and Quality Assurance

MR Pathology

MR Instrumentation and Imaging

MR Pulse Sequences, Image Formation, and Image Contrast

MR Safety

Course Description:

This is the first in a series of three clinical courses that provides the necessary supervised clinical education needed for the MRI student to competently apply basic protocols, recognize when to appropriately alter the standard protocol and recognize equipment and patient considerations that affect image quality.  Emphasis will be placed on patient safety and comfort while professional values, attitudes, and behaviors are upheld.

Textbook:

Geraldine Burghart & Carol Ann Finn. Handbook of MRI Scanning. Mosby Inc. Edition: 1. ISBN: 978-0-3230-7442-1

Pre-requisites:

Admission to the MiRIS Magnetic Resonance Imaging Program.

Completion of:

MRI Professional Prospectus (MRI 200)

MRI Pre-Clinical Preparation (MRI 260)

Sectional Anatomy (MRIT 229)

Co-requisites:

MR Physics I (MRIT 103)

MR Procedures and Pathophysiology I (MRIT 230)

Computer Applications in Medical Imaging (MRIT 115)

MRI Clinical Practice I (MRI 261)

Outcomes:
1. Provide patient care while demonstrating behaviors, attitudes, and values.
a. Communicate professionally with patients and staff members.

b. Maintain a clean, comfortable, and safe environment.

c. Employ proper precautions to prevent disease transmission. 

d. Monitor linens and supplies and restock when necessary.

e. Demonstrate the actions required if a patient requires sedation, contrast media, is claustrophobic, or has an allergic reaction.

f. Demonstrate an understanding of a patient's cultural, ethical, or value system differences.

g. Speak with patients in a professional empathetic manner to alleviate any concerns the        

     patient may express.

h. Demonstrate professional ethics by reserving the patient's modesty.

i. Demonstrate how to give proper instructions to optimize patient comfort and cooperation.

j. Adhere to national, organizational, and departmental standards, protocols, policies, and procedures regarding MR exams and patient care.

k. Ensure that professional performance and competence is reflected throughout the exam.

l. Consistently maintain patient confidentiality standards.

m. Perform safe, ethical, and legal practices.
2. Perform MRI safety practices.
a. Maintain a safe work environment for patients, visitors, and health care workers. 

b. Properly prescreen patients for contraindications to MR.

c. Ensure patient safety by correlating surgical, accident, and occupational safety.

d. Monitor the patient to ensure proper attire and that no unauthorized metals enter the exam room.

e. Demonstrate how to use earplugs or headphones to reduce possible acoustic damage.

f. Respond appropriately in emergency situations, i.e. crash cart use.

g. Monitor patient SAR levels.

h. Identify the safety zones within the MRI department and follow department guidelines.

3. Produce quality diagnostic images.

a. Use standard protocols to perform routine MR examinations 

b. Use Digital Imaging and Communications in Medicine (DICOM) to archive and send images.

c. Identify when to modify a protocol and successfully perform the modification.

d. Power up and shut down the system.

e. Correlate the requested exam with clinical history and reported physical exam findings.

f. Demonstrate how to properly prepare a patient for the requested exam.

g. Ensure proper set up of coils, equipment, table accessories, and cushioning.

h. Critique images for appropriate clinical information, image quality, and patient information.

i. Demonstrate the appropriate corrective actions to improve inadequate image information.
Spring:

MRI(T) 222 (MRIT 107) MR Physics II:

ASRT Curriculum:


MR Parameters, Imaging Options, and Quality Assurance


MR Pulse Sequences, Image Formation, and Image Contrast

Course Description:

This is the final physics course in a series of two.  The course content is a continuation of Physics I concepts including pulse sequencing, applications, coil selection as it relates to scan selection, calculation of scan times, scan parameters and imaging factors.  Emphasis will be placed on the topics of gradient echoes, cardiac imaging, magnetic resonance angiography, diffusion, perfusion, and spectroscopy.

Textbook:

Catherine Westbrook, Carolyn Kaut Roth, John Talbot. MRI in Practice. Blackwell Publishing. Edition:4 ISBN: 978-1-4443-3743-3

Stewart C. Bushong. Magnetic Resonance Imaging: Physical and Biological Principles. Mosby, Inc.. Edition: 3. ISBN: 978-0-323-01485-4

Pre-requisites:
Admission to the MiRIS Magnetic Resonance Imaging Program.

Completion of:

MR Physics I (MRIT 103)

MR Procedures and Pathophysiology I (MRIT 230)

Computer Applications in Medical Imaging (MRIT 115)

MRI Clinical Practice I (MRI 261)

Co-requisites:


MR Procedures and Pathophysiology II (MRIT 232)

MRI Image Analysis (MRIT 108)


MRI Clinical Practice III (MRI 262)
Outcomes:
1. Identify the differences in gradient echo types and uses.
a. Identify the conditions necessary for a steady state. 

b. Identify and discuss the use of flip angles and their weighting parameters. 

c. Discuss gradient echo sequences and their use in various exams. 

d. Discuss fluid attenuated inversion recovery (FLAIR). 

e. Differentiate between balanced and steady state free precession gradient echo types. 

f. Discuss and define slew rate, rise time, duty cycle, and gradient amplitude. 

2. Differentiate between fast imaging capabilities of Fast Spin Echo and Echo Planar imaging.
a. Identify the pulse sequence characteristics of turbo imaging. 

b. Describe sequential filling of k-space and its application. 

c. Discuss k-space and filling techniques. 

d. Discuss and diagram an echo planar imaging pulse sequence. 

e. Describe scan time and associated parameters and calculate scan time. 

f. Describe the different ways that k-space fills during echo planar imaging (EPI). 

g. Identify the enhanced hardware requirements for EPI. 

h. Relate several critical situations that are particularly suited for EPI.

3. Detail and discuss the application of motion in magnetic resonance angiography imaging.
a. Describe the flow void phenomenon. 

b. Discuss entry slice phenomenon and flow compensation. 

c. Differentiate between time of flight, phase contrast magnetic resonance angiography, and contrast enhance magnetic resonance angiography. 

d. Discuss black and blight blood imaging. 

e. Discuss water and fat saturation. 

f. Discuss spiral flow, laminar flow, turbulent flow, and pulsatile flow. 

g. Identify the advantages and disadvantages to TOF-MRA imaging. 

h. Discuss MRA image formation. 

i. Discuss Velocity encoding (VENC) settings. 

j. Identify how flow encoding axes impacts MRA imaging. 

k. Discuss the importance of scan timing when contrast media is required.

4. Characterize perfusion and diffusion imaging as the basis for functional magnetic resonance imaging.
a. Discuss the use of exogenous and endogenous MRI contrast agents. 

b. Differentiate between perfusion and diffusion imaging. 

c. Identify the magnetic properties of oxyhemoglobin and deoxyhemoglobin and identify how those properties relate to MRI. 

d. Describe the result of blood oxygenation level dependent (BOLD) imaging. 

e. Discuss the common uses for diffusion weighted imaging (DWI). 

f. Discuss the common uses for perfusion imaging. 

g. Discuss the b-value and spin echo sequences as it relates to diffusion weighted imaging. 
h. Differentiate between functional MR and spectroscopy. 

i. Differentiate between single voxel and multi-voxel techniques. 

j. Discuss the common uses for spectroscopy.

5. Identify and discuss advanced cardiac sequences and hardware utilized in cardiac disease detection.
a. Identify the MRI system specifications necessary for cardiac imaging. 

b. Describe the principle pulse sequence used for cardiac imaging. 

c. Discuss effective TR, available imaging times, trigger delay, tirgger window as it relates to cardiac imaging. 

d. Discuss and calculate the available imaging time to acquire slices. 

e. Identify the four principle imaging planes for cardiac anatomy. 

f. Discuss data acquisition in cine imaging.

6. Differentiate between magnet types and MR coil usage.
a. Identify the different types of MRI magnets. 

b. State the advantages and disadvantages of each type of MRI magnet. 

c. Discuss the differences in low-, mid-, high-, and ultra-high field systems. 

d. List the various types of coils used in MRI. 

e. Differentiate between send and send-receive coil types. 

f. Discuss the functionality of the shim system in MRI imaging. 

g. Identify active and passive shielding.
MRI(T) 232 (MRIT 106) MR Procedures and Pathophysiology II:

ASRT Curriculum:


MR Imaging Procedures


MR Pathology


MR Pulse Sequences, Image Formation, and Image Contrast

Course Description:

This is the final procedures and pathophysiology course in a series of two that will provide the student with considerations related to routine imaging techniques related to the abdomen and pelvis and special imaging techniques.  Students will explore the signal characteristics of normal anatomy and compare it to common pathologies.  Emphasis will be placed on tissue characteristics, protocol options, and positioning considerations.
Textbook:

Catherine Westbrook. Handbook of MRI Techniques. Blackwell Publishing. Edition: 3. ISBN: 978-1-4051-6085-8. 

Donald W. Robbie, Elizabeth A. Moore, Martin J. Graves & Martin R. Prince. MRI From Picture to Protons. Cambridge University Press. Edition: 2. ISBN: 978-0-521-68384-5.

Pre-requisites:

Admission to the MiRIS Magnetic Resonance Imaging Program.

Completion of:

MR Physics I (MRIT 103)

MR Procedures and Pathophysiology I (MRIT 230)

Computer Applications in Medical Imaging (MRIT 115)

MRI Clinical Practice I (MRI 261)

Co-requisites:


MR Physics II (MRIT 107)


MRI Image Analysis (MRIT 108)


MRI Clinical Practice III (MRI 262)

Outcomes:
1. Describe MRI room and patient preparation for abdomen, pelvis, and special imaging techniques.
a. State the coils available for special procedure exams and their specific application. 

b. Identify the ancillary equipment needed to complete routine abdomen and pelvis exams. 

c. Discuss the ancillary equipment needed for sedated, critical care, and general anesthesia patients 

d. Identify the ancillary equipment needed for cardiac imaging (ECG, gating controls). 

e. Identify the ancillary equipment needed for fMRI. 

f. Discuss the steps taken to prepare the MRI room for a special procedure exam. 

g. Review the steps taken to clean the MRI room after a procedure.
2. Describe patient positioning for abdomen, pelvis, and special imaging exams.
a. State the positioning criteria for a routine chest, abdomen, and pelvis exam. 

b. State the positioning criteria for a breast exam. 

c. State the positioning criteria for cardiac imaging. 

d. State the positioning criteria for fMRI. 

e. Evaluate images for proper positioning to ensure all necessary anatomy is visualized. 

f. Discuss imaging considerations that may affect patient position. 

g. Discuss additional consideration for patient position (i.e. comfort level, body habitus).
3. Identify when intravenous contrast is indicated for abdomen, pelvis, and special imaging exams.
a. List the types of pathology that may require contrast.  

b. Differentiate between the different types of contrast and identify which should be used for routine abdomen and pelvis exams. 

c. Discuss the type of contrast and dosage that should be used for entrograms. 

d. Discuss the type of contrast and dosage that should be used for MRA exams. 

e. Discuss the type of contrast and dosage that should be used for cardiac imaging. 

f. Discuss the type of contrast and dosage that should be used for breast imaging.
4. Describe the normal MR characteristics of various tissue structures within the abdomen and pelvis.
a. Discuss the normal MR characteristics of the components of the abdomen and pelvis. 

b. Discuss the normal MR characteristics of the components of the breast. 

c. Discuss the normal MR characteristics of the components of the chest and heart. 

d. Describe the MR characteristics of blood as seen on arterial and venous magnetic resonance angiography. 

e. Discuss the different types of magnetic resonance angiography (MRA) procedures, when they are used, and the characteristics of the resultant images. 

f. Discuss the principles of MR spectroscopy and perfusion. 

g. Discuss the principles of fMRI.
5. Describe sequences used to optimize the visualization of pathologies.

a. Discuss the common pathologies found in the chest, abdomen, and pelvis. 

b. Describe and discuss the imaging planes and pulse sequence parameters that maximize the diagnostic value of the abdomen and pelvis. 

c. Describe and discuss the imaging planes and pulse sequence parameters that maximize the diagnostic value of the chest, heart and breast. 

d. Discus the various saturation techniques used in breast imaging to diagnose disease. 

e. Discuss saturation pulses and their relationship to identifying abnormalities of the arteries and veins. 

f. Identify the common vascular lesions found on MRA images 

g. Identify the common indication and common pathologies of the abdomen, soft tissue pelvis (male and female), chest, heart, mediastinum, and breast exam. 

h. Discuss the current and future development of in vivo spectroscopic diagnosis of disease processes. 

MRI(T) 240 (MRIT 108) MRI Image Analysis:

ASRT Curriculum:


Computers in Imaging and Medical Informatics


MR Imaging Procedures


MR Parameters, Imaging Options, and Quality Assurance


MR Pathology


MR Pulse Sequences, Image Formation, and Image Contrast

Course Description:

This course provides the MRI student with the critical assessment skills necessary to recognize and identify pathology and artifacts.  Students will explore the necessary parameter adjustments for differential diagnosis.  Emphasis will be placed on quality control procedures, image post-processing, and image archiving.  
Textbook:

Michael L. Grey & Jagan Mohan Ailinani. CT and MRI Pathology: A Pocket Atlas. McGraw Hill. Edition: 1. ISBN: 978-0-0713-8040-9

Catherine Westbrook, Carolyn Kaut Roth, John Talbot. MRI in Practice. Blackwell Publishing. Edition:4 ISBN: 978-1-4443-3743-3

Pre-requisites:

Admission to the MiRIS Magnetic Resonance Imaging Program.

Completion of:

MR Physics I (MRIT 103)

MR Procedures and Pathophysiology I (MRIT 230)

Computer Applications in Medical Imaging (MRIT 115)

MRI Clinical Practice I (MRI 261)

Co-requisites:


MR Physics II (MRIT 107)


MR Procedures and Pathophysiology II (MRIT 232)

MRI Clinical Practice III (MRI 262)

Outcomes:
1. Evaluate and critique MRI images while following ACR guidelines.
a. Evaluate images for appropriate positioning, pulse sequences, and overall quality. 

b. Describe the criteria for imaging windows for different areas of the body. 

c. Describe the typical imaging options used to optimize image quality for routine MR exams. 

d. Maintain high-quality MR images via routine quality assurance practices. 

e. Utilize parameters and imaging options to obtain diagnostic MR images with minimal image artifacts. 

f. Describe the imaging parameters and options available to the MRI technologist for optimal MR imaging. 

g. Describe image contrast appearance according to image weighting. 

h. Describe consideration in designing an imaging protocol and state the applications of protocols in specific situations.
2. Differentiate between normal and abnormal anatomy.
a. Identify and label normal anatomy as seen on MRI images. 

b. Identify changes in anatomical sizes and shapes of structures that can indicate pathology. 

c. Discuss the affect field strength has on the ability to visualize select pathology. 

d. Critique and discuss routine brain images and evaluate for pathology. 

e. Critique and discuss spine images and evaluate for pathology. 

f. Critique and discuss soft tissue neck images and evaluate for pathology. 

g. Critique and discuss upper and lower extremity images and evaluate for pathology. 

h. Critique and discuss routine chest images and evaluate for pathology. 

i. Critique and discuss abdomen images and evaluate for pathology. 

j. Critique and discuss male and female pelvis images and evaluate for pathology.
3. Identify image artifacts and discuss corrective measures.
a. Determine the American College of Radiography (ACR) guidelines for quality control  

b. Describe common artifacts that occur during imaging. 

c. Discuss the proper technique settings for routine MRI exams (i.e. TR, TE) in order to produce a quality image. 

d. Discuss the cause and appearance of aliasing. 

e. Discuss the cause and appearance of Gibbs, truncation. 

f. Discuss the cause and appearance of chemical shift. 

g. Discuss the cause and appearance of magnetic susceptibility. 

h. Discuss the cause and appearance of radiofrequency. 

i. Discuss the cause and appearance of motion. 

j. Describe the effects of blood flow characteristics on image quality, including laminar turbulent, vortex, and stationary or stagnant flow. 

k. Discuss the cause and appearance of partial volume averaging. 

l. Discuss the cause and appearance of partial crosstalk. 

m. Identify and discuss ways to correct the causes of artifact as seen on MRI images.
4. Describe advancements in the MRI profession and analyze images.
a. Discuss cardiac imaging and evaluate images for pathology. 

b. Discuss breast imaging and evaluate images for pathology. 

c. Discuss the use of 3T magnets in the clinical setting and identify the affect field strength has on image quality. 

d. Discuss the principles of diffusion, perfusion, spectroscopy, and fMRI.  

e. Discuss the tissue characteristics of diffusion and perfusion images 

f. Describe and discuss the diagnostic value of diffusion and perfusion imaging 

g. Discuss the use of diffusion tensor in diagnosing disease processes. 

h. Discuss the use of tractography to create 3D images used for surgical procedures.
5. Describe ways in which MRA imaging can be used to diagnose pathological conditions.
a. Discuss magnetic resonance angiography (MRA) imaging and its use in MRI. 

b. List the types of exams that use MRA as a means of diagnosis. 

c. Evaluate MRA images for pathology. 

d. Discuss flow dynamics and its impact on MRA imaging. 

e. Differentiate between phase contrast and contrast enhanced MRA imaging.
MRI(T) 262 (MRIT 109) Clinical Practice II:

ASRT Curriculum:


Clinical Practice and Patient Management


Ethics and Law in Radiologic Sciences


MR Imaging Procedures


MR Parameters, Imaging Options, and Quality Assurance


MR Pathology


MR Instrumentation and Imaging


MR Pulse Sequences, Image Formation, and Image Contrast


MR Safety

Course Description:

This is the second in a series of three clinical courses that provides the necessary supervised clinical education needed for the MRI student to competently apply basic protocols, recognize when to appropriately alter the standard protocol, and recognize equipment and patient considerations that affect image quality.  Emphasis will be placed on patient safety and comfort while professional values, attitudes, and behaviors are upheld.

Textbook:

Geraldine Burghart & Carol Ann Finn. Handbook of MRI Scanning. Mosby Inc. Edition: 1. ISBN: 978-0-3230-7442-1

Pre-requisites:

Admission to the MiRIS Magnetic Resonance Imaging Program.

Completion of:

MR Physics I (MRIT 103)

MR Procedures and Pathophysiology I (MRIT 230)

Computer Applications in Medical Imaging (MRIT 115)

MRI Clinical Practice I (MRI 261)

Co-requisites:


MR Physics II (MRIT 107)


MR Procedures and Pathophysiology II (MRIT 232)


MRI Image Analysis (MRIT 108)

Outcomes:

1. Provide patient care while demonstrating behaviors, attitudes, and values.
a. Communicate professionally with patients and staff members.

b. Maintain a clean, comfortable, and safe environment.

c. Employ proper precautions to prevent disease transmission. 

d. Monitor linens and supplies and restock when necessary.

e. Demonstrate the actions required if a patient requires sedation, contrast media, is claustrophobic, or has an allergic reaction.

f. Demonstrate an understanding of a patient's cultural, ethical, or value system differences.

g. Speak with patients in a professional empathetic manner to alleviate any concerns the        

     patient may express.

h. Demonstrate professional ethics by reserving the patient's modesty.

i. Demonstrate how to give proper instructions to optimize patient comfort and cooperation.

j. Adhere to national, organizational, and departmental standards, protocols, policies, and procedures regarding MR exams and patient care.

k. Ensure that professional performance and competence is reflected throughout the exam.

l. Consistently maintain patient confidentiality standards.

m. Perform safe, ethical, and legal practices.
2. Perform MRI safety practices.
a. Maintain a safe work environment for patients, visitors, and health care workers. 

b. Properly prescreen patients for contraindications to MR.

c. Ensure patient safety by correlating surgical, accident, and occupational safety.

d. Monitor the patient to ensure proper attire and that no unauthorized metals enter the exam room.

e. Demonstrate how to use earplugs or headphones to reduce possible acoustic damage.

f. Respond appropriately in emergency situations, i.e. crash cart use.

g. Monitor patient SAR levels.

h. Identify the safety zones within the MRI department and follow department guidelines.

3. Produce quality diagnostic images.

a. Use standard protocols to perform routine MR examinations 

b. Identify the probable cause of image quality problems and recommend an appropriate solution.

c. Identify and report equipment problems.

d. Use Digital Imaging and Communications in Medicine (DICOM) to archive and send images.

e. Power up and shut down the system.

f. Correlate the requested exam with clinical history and reported physical exam findings.

g. Demonstrate how to properly prepare a patient for the requested exam.

h. Ensure proper set up of coils, equipment, table accessories, and cushioning.

i. Critique images for appropriate clinical information, image quality, and patient information.

j. Demonstrate the appropriate corrective actions to improve inadequate image information.

k. Identify when to modify a protocol and successfully perform the modification.
Summer II:

MRI(T) 295 (MRIT 113) MRI Certification Exam Preparation:

Course Description:

This course provides the student with instructional review and a self-examination process as preparation for the certification exam in MRI.  Discussions will focus on the four content specifications for examination in magnetic resonance as outlined in the American Registry of Radiologic Technology (ARRT) primary pathway certification handbook.  Students will have the opportunity to participate in an 8 hour registry review seminar.

Textbook:

Gregory L. Wheeler &Kathryn E. Withers. Lippincott's Magnetic Resonance Imaging Review. Lippincott. Edition 1. ISBN: 978-0-3975-5156-9. 

Pre-requisites:

Admission to the MiRIS Magnetic Resonance Imaging Program.

Completion of:


MR Physics II (MRIT 107)


MR Procedures and Pathophysiology II (MRIT 232)


MRI Image Analysis (MRIT 108)


MRI Clinical Practice II (MRI 262)

Co-requisite:


MRI Clinical Practice III (MRI 263)

Outcomes:
1. Discuss and review the physical principles of image formation.
a. Discuss nuclear magnetism. 

b. Identify physical principles of electromagnetism and its relationship to Faraday's Law. 

c. Review the fundamentals of nuclear magnetism in relation to tissue characteristics, RF pulse, gyromagnetic ratio, energy state transitions, and FID. 

d. State the Larmor equation and identify its importance to MRI. 

e. Discuss and define precession, resonance, and free induction decay (FID). 

f. Review the basic hardware components of the MRI system as it relates to coil configuration, bandwidth, pulse profile, and phased array. 

g. Review the types of magnets used in MRI. 

h. Discuss tesla and gauss and determine their relationship to magnetic field strength. 

i. Identify the components of the radiofrequency system (i.e. coil configuration, transmit and receive coils, transmit and receive bandwidth, pulse profile, and phased array). 

j. Discuss the gradient system as it relates to coil configuration, slew rate, rise time, and duty cycle. 

k. Identify the cause and appearance of various artifacts such as aliasing, Gibbs truncation, chemical shift, partial volume averaging, magnetic susceptibility, radiofrequency, motion, flow, and crosstalk. 

l. Discuss the quality control procedures for slice thickness, spatial resolution, contrast resolution, signal to noise center frequency, transmit gain, geometric accuracy, and equipment inspection. 

m. Differentiate between the tissue characteristics of T1 relaxation, T2 relaxation, T2* (susceptibility), and proton density. 

n. Identify the importance of the X, Y, and Z coordinate system. 

o. Differentiate between physical and logical gradient, slice select gradient, phase-encoding gradient, and frequency (readout) gradient, and identify their importance. 

p. Discuss vectors and k-space (raw data) as it relates to spacial localization.
2. Discuss and review patient care and safety.
a. Discuss biomedical implants, ferrous foreign bodies, medical conditions, and prior diagnostic or surgical procedures in relation to patient screening and safety. 

b. Discuss the considerations for static and gradient magnetic fields (i.e. biological effects, FDA guidelines). 

c. Discuss the consideration for the RF field (i.e. SAR, biological effects, FDA guidelines). 

d. Discuss the biological effects of acoustic noise during the MRI procedure. 

e. Discuss cryogenics, quenching, and the effects on patient safety if this were to happen while a patient was in the room. 

f. Identify the ACR 4 zones of safety. 

g. Discuss the safety considerations for placement of conductors (i.e. ECG, coils, cables) 

h. Differentiate between the emergency response processes in the MRI department compared to that of other Radiology departments. 

i. List the types of emergency responses that might occur in the MRI department and discuss how they should be dealt with. 

j. Describe the proper transfer techniques and body mechanics for moving non-ambulatory patients. 

k. List the proper steps for taking a patient's vital signs (blood pressure, pulse, heart rate, Oz stats, etc...) 

l. Discuss the scanning adjustment options for claustrophobic, critical, sedated, or pediatric patients. 

m. Review the disposal techniques for contaminated material (linen, needles, pt. supplies, etc...) 

n. Discuss standard precautions. 

o. List the cycle of infections. 

p. Identify the transmission based precautions that health care workers must be aware of for TB, HIV, and Hep B. 

q. Discuss the contraindications of using contrast. 

r. Discuss the importance of maintaining a controlled climate in the MRI room. 

s. Discuss the importance of magnetic shielding. 

t. Discuss the legal and ethical principles associated with patient care. 

u. Discuss the types of interpersonal communication and their importance to patient screening.
3. Review common pulse sequence applications to neuro, orthopedic, and torso imaging.
a. Discuss and differentiate between the conventional spin echo and fast spin echo. 

b. Discuss and differentiate between the STIR and FLAIR. 

c. Discuss and differentiate between the conventional gradient echo and fast gradient echo. 

d. Discuss echo planar imaging (EPI). 

e. Discuss calibration scans as it relates to filtering and parallel imaging.
4. Review techniques used in special procedures.
a. Discuss and differentiate between maximum intensity projection (MIP), multiplanar reconstruction techniques (MPR), subtraction, and volume rendering. 

b. Discuss cardiac analysis at it relates to data manipulation. 

c. Discuss the different types of MRA procedures used in MRI. 

d. Discuss the characteristics of flow. 

e. Discuss the flow dynamics for MRA/MRV procedures. 

f. Differentiate between time-of-flight and phase contrast MRA imaging. 

g. Differentiate between fluoro-triggering, timing bolus, and automatic bolus detection (e.g. smart prep, care bolus). 

h. Review the principles of diffusion, perfusion, spectroscopy, and fMRI. 

i. Review and describe the diagnostic value of diffusion and perfusion imaging. 

j. Review the tissue characteristics of diffusion and perfusion images. 

k. Describe and discuss the imaging planes and pulse sequence parameters that maximize the diagnostic value of an MR scan of the chest, heart, mediastinum, brachial plexus, and breast.
5. Review and discuss imaging procedures, MRI contrast, and anatomy.

a. Identify the major organs and vasculature as seen in multiple imaging planes.. 

b. Identify the common pathology seen on MRI images and discuss protocol adjustments based on findings. 

c. Review patient positioning and coil selection for routine MRI imaging. 

d. Explain the methods of compensation in producing an optimal MRI exam. 

e. Discuss MRI imaging parameters (i.e. TR, TE, TI, NSA, FOV, etc...) and identify how they impact image quality. 

f. Discuss the MRI imaging options (i.e. 2D/3D, bandwidth, suppression techniques, etc...) and identify how they impact image quality. 

g. Discuss MRI imaging parameters (i.e. TR, TE, TI, NSA, FOV, etc...) and identify how they impact image contrast. 

h. Discuss the MRI imaging options (i.e. 2D/3D, bandwidth, suppression techniques, etc...) and identify how they impact image contrast. 

i. Discuss the use of contrast and affect the various types may or may not have on the MRI image. 

j. List the proper steps for calculating contrast dosage and discuss the procedures that are performed that might alter the normal dose given.
MRI(T) 263 (MRIT 111) Clinical Practice III:

ASRT Curriculum:


Clinical Practice and Patient Management


Ethics and Law in Radiologic Sciences


MR Imaging Procedures


MR Parameters, Imaging Options, and Quality Assurance


MR Pathology


MR Instrumentation and Imaging


MR Pulse Sequences, Image Formation, and Image Contrast


MR Safety

Course Description:

This is the final clinical course in a series of three that provides the necessary supervised clinical education needed to complete all remaining competencies required by the American Registry of Radiologic Technologists (ARRT) following the Primary Pathway requirements.  Emphasis will be placed on patient safety and comfort while professional values, attitudes, and behaviors are upheld.

Textbook:

Geraldine Burghart & Carol Ann Finn. Handbook of MRI Scanning. Mosby Inc. Edition: 1. ISBN: 978-0-3230-7442-1.
Pre-requisites:

Admission to the MiRIS Magnetic Resonance Imaging Program.

Completion of:


MR Physics II (MRIT 107)


MR Procedures and Pathophysiology II (MRIT 232)


MRI Image Analysis (MRIT 108)


MRI Clinical Practice II (MRI 262)

Co-requisite:


MRI Certification Exam Preparation (MRIT 113)
Outcomes:

1. Provide patient care while demonstrating behaviors, attitudes, and values.
a. Communicate professionally with patients and staff members.

b. Maintain a clean, comfortable, and safe environment.

c. Employ proper precautions to prevent disease transmission. 

d. Monitor linens and supplies and restock when necessary.

e. Demonstrate the actions required if a patient requires sedation, contrast media, is claustrophobic, or has an allergic reaction.

f. Demonstrate an understanding of a patient's cultural, ethical, or value system differences.

g. Speak with patients in a professional empathetic manner to alleviate any concerns the patient may express.

h. Demonstrate professional ethics by reserving the patient's modesty.

i. Demonstrate how to give proper instructions to optimize patient comfort and cooperation.

j. Adhere to national, organizational, and departmental standards, protocols, policies, and procedures regarding MR exams and patient care.

k. Ensure that professional performance and competence is reflected throughout the exam.

l. Consistently maintain patient confidentiality standards.

m. Perform safe, ethical, and legal practices.
2. Perform MRI safety practices.
a. Maintain a safe work environment for patients, visitors, and health care workers. 

b. Properly prescreen patients for contraindications to MR.

c. Ensure patient safety by correlating surgical, accident, and occupational safety.

d. Monitor the patient to ensure proper attire and that no unauthorized metals enter the exam room.

e. Demonstrate how to use earplugs or headphones to reduce possible acoustic damage.

f. Respond appropriately in emergency situations, i.e. crash cart use.

g. Monitor patient SAR levels.

h. Identify the safety zones within the MRI department and follow department guidelines.

3. Produce quality diagnostic images.

a. Use standard protocols to perform routine MR examinations 

b. Identify the probable cause of image quality problems and recommend an appropriate solution.

c. Identify and report equipment problems.

d. Use Digital Imaging and Communications in Medicine (DICOM) to archive and send images.

e. Power up and shut down the system.

f. Correlate the requested exam with clinical history and reported physical exam findings.

g. Demonstrate how to properly prepare a patient for the requested exam.

h. Ensure proper set up of coils, equipment, table accessories, and cushioning.

i. Critique images for appropriate clinical information, image quality, and patient information.

j. Demonstrate the appropriate corrective actions to improve inadequate image information.

k. Identify when to modify a protocol and successfully perform the modification.

l. Perform and monitor quality assurance tests.
