
4/4/2018

1

__________, RT(R)(MR), ARRT, CRT
Kaiser Permanente Diagnostic Imaging LAMC

Patient Safety in Computed Tomography 
and 

Magnetic Resonance Imaging

Disclosures

 Why Patient Safety is of Concern

 Patient Safety 

• Computed Tomography 

• Magnetic Resonance Imaging

 Risks Associated with CT/MRI :

• Risks associated with exposure to 
ionizing radiation / Strong Magnetic 
Fields.

• Risks associated with possible reactions 
to the Intravenous Contrast Agents

 FDA

• Regulates safety, effectiveness and 
radiation control of all X-ray imaging 
device

Objectives
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 Radiation Exposure from CT has caught the Attention of the 
public

 Certain hospital investigated for significant radiation 
overdoses of 206 patients
• The finding prompts the FDA to issue an alert urging hospitals 

nationwide to review their safety protocols for CT scans. October 
10, 2009|Alan Zarembo

 Two more hospitals report CT scan radiation overdoses
• County-USC and Bakersfield Memorial said the manufacturer, 

Toshiba, provided the protocol they followed. August 03, 2010|By 
Alan Zarembo, Los Angeles Times

 Reports from many Agencies
• BEIR VII: Health risks from exposures to low levels of radiation
• Radiation induced epilation from MDCT and DSA USE
• FDA: Reducing dose to Adults and Pediatric Patients undergoing 

Computed Tomography

Why Patient Safety is of Concern

 Hoag Hospital Orange County
 Fined $50,000 by the state 

Department of Public Health after an 
MRI patient on a metal gurney was 
pulled into the Unit.

 6-year-old boy dies after 
undergoing an MRI exam at a 
New York-area hospital 
 The canister fractured the skull and 

injured the brain of the young patient 
during the procedure. 

 ACR Guidance Document on 
MR Safe Practices: 2013
 MRI Zones

Why Patient Safety is of Concern

 CT/MRI are invaluable medical tools that assist 
clinicians:
• Diagnose disease, trauma or abnormalities

• Plan and guide interventional or therapeutic procedures

• Monitor the effectiveness of therapy 
• Cancer treatment

 The benefits of  Computed Tomography/MRI far exceed 
the risks
• When used appropriately

• CT/MRI scans have the potential to eliminate the need for exploratory 
surgery

Benefits of Computed Tomography/Magnetic 

Resonance Imaging
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 Exposure to Ionizing Radiation
• Statistical Probability (Stochastic Effects) of causing a small 

increase in lifetime risk of developing malignancies. 
• Exposure to ionizing radiation is of particular concern in pediatric 

patients.
• Cancer risk per unit dose (cGy) of ionizing radiation is higher for 

younger patients than adults.
• Younger patients have a longer lifetime for the effects of radiation 

exposure to manifest as cancer.
• Important that CT scans in children are performed with appropriate 

exposure factors.
• Use of exposure settings designed for adults can result in a larger 

radiation dose than necessary.

The Risks of  Computed Tomography

 Non-Ionizing Radiation, 

• No risk of exposure to radiation during an MRI procedure. 

 Magnetic Field, MRI is contraindicated in patients with:

1. Implanted pacemakers/Neurostimulators

2. Intracranial aneurysm clips/Cochlear implants

3. Certain prosthetic devices

4. Implanted drug infusion pumps

5. Bone-growth stimulators

6. Certain intrauterine contraceptive devices

7. Any other type of iron-based metal implants/internal 
metallic

• Bullets or Shrapnel,

• Surgical clips, pins, plates, screws, metal sutures, or 
wire mesh.

The Risks of Magnetic Resonance Imaging

 Risk Factors for Adverse Intravenous Contrast Material Reactions 
to Contrast Media

 Risk factors exist that increase the risk of a contrast reaction
• Prior allergic-like reaction or unknown-type reaction to contrast medium can 

have an increased risk of developing a future allergic

• There is no cross-reactivity between different classes of contrast medium. 

• A prior reaction to gadolinium-based contrast medium does not predict a 
future reaction to iodinated contrast medium, or vice versa, more than any 
other unrelated allergy.

 Existing morbidities increase the likelihood of an 
allergic contrast reaction
• Asthma, Renal Insufficiency, Cardiac Status, Anxiety, Age and Gender, Beta-

Blockers, Sickle-Cell Trait/Disease, Myasthenia Gravis, Hyperthyroidism

The Risks of Magnetic Resonance Imaging/CT 

Intravenous Contrast
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 Pretesting

 Corticosteroid Premedication

• Indications for Premedication

• Benefits/Risks of Premedication

 Validate Creatinine/BUN/GFR Levels

 General Considerations

• Use of Low Osmolality Contrast Agents.

• Mechanical Injection of Intravenous Contrast 
Media

• Check forAir Embolism

• Extravasation/Infiltration

The Risks of Magnetic Resonance Imaging/CT 

Intravenous Contrast

Slight risk of an allergic reaction if contrast 
material is injected. 
• Such reactions are usually mild and easily controlled by medication. 

• Contrast-induced nephropathy (CIN) remains a leading cause of iatrogenic 
acute kidney injury

Nephrogenic systemic fibrosis (NSF)
• A rare complication of MRI caused by the injection of high doses of 

Gadolinium-based contrast material in patients with very poor kidney 
function. 

• Careful assessment of kidney function before considering a contrast injection 
minimizes the risk of this very rare complication.

The Risks of Magnetic Resonance Imaging/CT 

Intravenous Contrast

• As Low As Reasonably 
Achievable (ALARA)

• Alliance for Radiation 
Safety in Pediatric 
Imaging: 
• Campaigns to Minimize 

Exposure
• Image Gently

• Image Wisely

• Choosing Wisely

Increasing Patient Safety Awareness-Computed 

Tomography
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 FDA 
• Regulates the safety, effectiveness and radiation control of all 

X-ray imaging device, to include Computed Tomography

 Individual states and other federal agencies 
• Regulate the use of CT devices through recommendations and 

requirements 
• Personnel Qualifications

• Quality Assurance and Quality Control Programs, 

 Facility Accreditation
• The Joint Commission

• American College of Radiology (ACR)

• California Department of Public Health-Radiologic Health Branch

Regulatory Body

1. Choosing the most appropriate imaging study: 
• Minimizing the exposure to radiation dose begins with the proper selection of an 

imaging study.

• Consider studies which do not involve radiation exposure, e.g., ultrasound or MRI

2. Institutional Radiation Dose Protocols :
• Specific radiation dose protocols in use and routinely reviewed 

• Pediatric Low Radiation Dose Protocols developed for certain indications and CT-guided 
procedures.

3. Careful Quality control: 
• To further minimize the potential risks of radiation, quality control procedures are 

performed on a scheduled basis to assure that all X-ray imaging devices are operating 
correctly and safely.

4. Latest CT technology for automatic radiation dose reduction:
• Automatic dose modulation software that reduces the radiation dose and CT scanner 

image reconstruction software to further reduces dose.

Ten Ways to Ensure Imaging Safety-CT

5. Special attention to pediatric patients
• Use collimation or coning, techniques that restrict the X-ray 

beam so only the region of interest is emphasized.

6. New low-dose CT Protocols
• Early detection of lung cancer & low-dose coronary CT angiography

7. Shielding
• Employ shielding to reduce the dose to certain body organs 

when possible. 

• Bismuth shields placed over female breasts, thyroid, eyes

• Especially in pediatric patients, these shields minimize exposure 
to these sensitive organs by attenuating the Photon Beam.

Ten Ways to Ensure Imaging Safety-CT



4/4/2018

6

8. Beam collimation policy:
• For general X-ray procedures, carefully restricted to the area of 

clinical interest, a process called collimating. 

• For CT: Well Defined SFOV to the area of interest.

9. Education of Technologists and Radiologists: 
• Continuing education of all Staff is a key to maintaining 

radiation safety and the practice of “ALARA” (radiation dose As 
Low As Reasonably Achievable). 

• In addition, training of personnel and the use of low-dose 
methods are integral factors in acquiring accreditation from the 
American College of Radiology.

Ten Ways to Ensure Imaging Safety-CT

10. Radiation Oversight Committee:
• Oversees protocols and education regarding imaging 

algorithms to minimize exposure to radiation when possible, 
and specifically:

• CT radiation doses

• Formulates and implements dose reduction strategies

• Reviews and enhances educational tools and materials for physicians

Ten Ways to Ensure Imaging Safety-CT

Ensuring Patient Safety-MRI
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Ensuring Patient Safety-MRI

 ACR Guidance Document on 
MR Safe Practices: 2013
 MRI Zones

 Zone I
 Includes all areas that are freely 

accessible to the general public.

 This area is typically outside the 
MR environment itself and is the 
area through which patients, 
health care personnel, and other 
employees of the MR site access 
the MR environment. 

 There is no differentiation 
between patients, staff, etc.

Ensuring Patient Safety-MRI

 MRI Zone II
 Interface between the publicly 

accessible, uncontrolled Zone I 
and the strictly controlled Zones 
III and IV. 

 Typically, patients are met in 
Zone II. 

 It is in Zone II that the answers to 
MR screening questions, patient 
histories, etc. are typically 
obtained. 

 Individuals change from 
undifferentiated to candidates for 
the MRI exam

Ensuring Patient Safety-MRI

 MRI Zones III
• Region accessible by unscreened 

non-MR personnel or ferromagnetic 
objects or equipment can result in 
serious injury or death 
• As a result of interactions between 

the individuals or equipment and 
the MR scanner’s particular 
environment. 

• The patient has been accepted for 
the procedure and is prepared for 
entry into the scanner

• All access is to be severely 
restricted, with access to it and 
regions within it (including Zone 
IV) controlled by, and entirely 
under the supervision of, MR 
personnel.
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Ensuring Patient Safety-MRI

 MRI Zones IV
 This area is the MR scanner 

magnet room itself, 

 Physical confines of the room 
within which the MR scanner 
is located. The patient is 
scanned.

 Hazardous due to the presence 
of very strong magnetic fields.

 Zone IV must be secure 
from inadvertent entry

Ensuring Patient Safety-CT/MRI

 CT Suites are mandated to notify 
Staff and the general public of the 
risk associated with exposure 
through the conceptual use of 
warning signs:

 RADIATION AREA

 HIGH RADIATION AREA

 CAUTION RADIOACTIVE 
MATERIALS

 MRI Zones are conceptual. 
 Should instill a level of 

CAUTION and SAFETY.

 They should become universal 
in interpretation such as those 
used in CT suite

Ensuring Patient Safety-MRI

 Zone IV must be secure 
from inadvertent entry.

 The licensee shall control 
and maintain constant 
surveillance of licensed 
material that is in a 
controlled or unrestricted 
area and that is not in 
storage. 
 Direct Observation Vide, 

Monitors, Mirrors, Locks Card 
Access.
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 A minimum of 2 MR technologists or one MR 
technologist and one other individual with the 
designation of MR personnel in the immediate Zone 
III - Zone IV MR environment. 

 Staffing Level 1 MR personnel: 
• Those who have passed minimal safety educational efforts to 

ensure their own safety as they work within Zone III. 

 Staffing Level 2 MR personnel: Those who have been 
more extensively trained and educated in the broader 
aspects of MR safety issues.

Staffing Solution

 Any individual undergoing an MR procedure must 
remove all readily removable metallic personal 
belongings and devices on or in them 
• Jewelry, pagers, cell phones, body piercings (if removable), 

contraceptive diaphragms, metallic drug delivery patches 
cosmetics containing metallic particles (such as eye makeup).

• Clothing items which may contain metallic fasteners, hooks, 
zippers, loose metallic components or metallic threads.

Gowning

 All portable metallic or partially 
metallic devices that are on or 
external to the patient are to be 
positively identified in writing as 
MR Unsafe or, MR Safe or MR 
Conditional in the MR 
environment before permitting 
them into Zone III 
• Oxygen cylinders, fire extinguishers. 

 Ensure that any such objects 
‘near’ the MRI suite are MR safe 
and labelled

Equipment
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 Make sure is properly labelled.

Maintenance Equipment 

1. Obtain a copy of the ACR Guidance Document

2. Mandate that all new MRI Installations follow the 4 Zone concept.

3. For existing non-compliant units- develop ways to meet the intent of the 4 Zone 
concept.

4. Secure Zone IV from inadvertent entry/Develop and use serious warning signs.

5. Gown all Patients.

6. Label all devices near or in the MRI suite; Safe or unsafe.

7. All patients to be screened by two individuals.

8. Screen everyone who is going into Zone IV; Visitors, maintenance staff, Qualified 
Medical Physicists

9. Use ferromagnetic metal detectors to supplement screening procedures.

10. Ensure that MRI operations are staffed/covered by two individuals at all times.

11. Develop comprehensive policy/procedures.

12. Develop comprehensive periodic audit. 

RECOMMENDATIONS

 mrisafety.com

 www.acr.org

 www.jointcommission.org

 www.imrser.org)

 www.RadiologyInfo.org

 Bellin MF, Jakobsen JA, Tomassin I, et al. Contrast 
medium extravasation injury: guidelines for 
prevention and management. Eur Radiol 2002; 
12:2807-2812.
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