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1. Introduction.

Magnetic Resonance Imaging (including spectroscopy, conventional, and fast imaging techniques) for medical procedures is associated with acceptable and well-controlled risks. However, there are potential risks in the MRI environment and technological advances in MRI (higher static fields, faster gradients, stronger RF transmitters) have occurred rapidly and many questions regarding the safety of these developments remain unanswered. The goal of this document is to provide answers to these questions and to promote a guideline for safe MRI practice. This document is a compilation of the MR safe practice guidelines from the following institutions: BIDMC, BWH, CHB, DFCI, MIT and MGH.  

The MRI system.

The MRI system uses 3 types of magnetic field:

· A large superconducting magnet producing the main magnetic field. 

Static magnetic fields are measured in Gauss (G) or Tesla (T), with 10,000 G being equal to 1T. Most high field magnets are 1.5T or 3T but systems up to 10T are commercialized. According to the most recent recommendations and guidelines provided by the United States Food and Drug Administration (FDA), clinical MR systems in the US are permitted to function on a routine clinical basis at static magnetic field strengths of up to 8.0 T. To put things in perspective, the earth's magnetic field varies from approximately 0.3 to 0.7 G between the equator and the poles, respectively. So 1.5T = 25,000 times the magnetic field of the earth

· Radio Frequency field (RF)

A Radio Frequency pulse (a short burst of an electromagnetic radiation) is used in MRI to "excite" tissue protons by an exchange of energy. These protons give a signal in return. The RF spectrum typically used in MRI covers the same frequencies that are used by radio stations (around 100 MHz). The RF transmission can affect electronic devices

· Gradient magnets

They are smaller magnets, used to alter the main magnetic field and allow the signal from the patient to be spatially encoded into a picture. They are turned on/off very quickly during scanning, causing the knocking noise associated with MRI

MRI site restriction access.

The MRI site is divided in 4 zones: 

· Zone I: Waiting area

This region 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, healthcare personnel, and other employees of the MR site access the MR environment.

· Zone II: Initial contact

This zone is semi-restricted. This area is the interface between the publicly accessible, uncontrolled Zone I and the strictly controlled Zones III and IV. Typically, patients are greeted in Zone II and are not free to move throughout Zone II at will, but are rather under the supervision of MR personnel. It is in Zone II that the answers to MR screening questions, patient histories, medical insurance questions, etc. are typically obtained.

· Zone III: Control room

All access to Zone III is to be strictly restricted, with access to regions within it (including Zone IV, see below) controlled by, and entirely under the supervision of, MR personnel. They are to be charged with ensuring that this MR safe practice guideline is strictly adhered to for the safety of the patients and other non-MR personnel, the health care personnel, and the equipment itself. Zone III regions should be physically restricted from general public access by, for example, key locks, passkey locking systems, or any other reliable, physically restricting method that can differentiate between MR personnel and non-MR personnel.

· Zone IV: MR scanner magnet

This area is synonymous with the MR scanner magnet room itself, that is, the physical confines of the room within which the MR scanner is located. Zone IV, by definition, will always be located within Zone III, as it is the MR magnet and its associated magnetic field that generates the existence of Zone III. Zone IV should also be demarcated and clearly marked as being potentially hazardous due to the presence of very strong magnetic fields. 

Zone IV should be clearly marked with a red light and lighted sign stating, “The Magnet is On.

2. Safety concerns.

a. Projectile/missile effects


The most immediate danger associated with the environment is the attraction between the magnet and ferromagnetic metal objects. Those objects can become airborne projectiles. Even hand-held objects can be jerked free very suddenly as the holder moves closer to the magnet. Remember, even when you are not scanning, the magnet is not "off". NEVER bring any metal objects into the scanner rooms.

b. Implanted devices, metal in body


Implanted bioengineered devices such as pacemakers, cardiac defibrillators, medication pumps, nerve stimulator devices and other devices can be affected by the magnetic field. 


Pacemakers: It is recommended that the presence of implanted cardiac pacemakers or implantable cardioverter defibrillators (ICDs) be considered a relative contraindication for MRI. For example for patient with a pacemaker, the magnets may induce arrhythmias, bradycardias or tachycardia. Note that pacemaker wires alone are also contraindicated. 


Aneurysm clips: In the event that a patient is identified to have an intracranial aneurysm clip in place, the MR examination should not be performed until it can be documented that the type of aneurysm clip within that patient is MR safe. All documentation of types of implanted clips, dates, etc., must be in writing and signed by a licensed physician. Even when MR safe, cerebral aneurysm clips often cause artifacts and image distortion in magnetic resonance imaging.


Heart Valves: With respect to clinical MR procedures, there has been no report of a patient incident or injury related to the presence of a heart valve prosthesis or annuloplasty ring. However, it should be noted that not all heart valve prostheses have been evaluated and at least one prototype exists that has magnetic components. So proper documentation must be obtained before scanning. Many heart valve prostheses and annuloplasty rings have been evaluated for MR safety, especially with regard to the presence of magnetic field interactions associated with exposure to field strengths as high as 3-Tesla. Of these, the majority displayed measurable yet relatively minor magnetic field interactions. That is, because the actual attractive forces exerted on the heart valve prostheses and annuloplasty rings were minimal compared to the force exerted by the beating heart


Torque: Graf et al. reported that torque acting on metallic implants or instruments due to eddy-current induction in associated with MR imaging can be considerable. Larger implants (such as fixation devices) made from well-conducting materials are especially affected. Gradient switching was shown to produce fast alternating torque. Significant vibrations at off-center positions of the metal parts may explain why some patients with metallic implants sometimes report feeling sensations during MRI examinations. (Graf H, Steidle G, Martirosian P, Lauer UA, Schick F. Metal artifacts caused by gradient switching. Magnetic Resonance in Medicine 2005;54;231-234.)  Most of the orthopedic implants, materials, and devices evaluated in the MR environment are made from nonferromagnetic materials and, therefore, are safe for patients undergoing MR procedures. However, in certain instances, due to the length or formation of a conductive loop, MRI-related heating may be a problem for some orthopedic implants.


In addition, metal in or near the body (such as dental implants) can produce artifacts, which adversely effect image quality.

c. Nerve stimulation


By Faraday’s law of induction, the exposure of conductive tissue to time-varying magnetic fields will induce an electric field. The induced current is greater in peripheral tissue; the amplitude of the gradient is highest farther away from the magnet's isocenter. Nerve stimulation leads to mild skin sensations and involuntary muscle contractions. To reduce those side effects, the patients should not have their hands clasped because it creates a closed loop, and can induce nerve stimulation. The person’s hands should be positioned by their side. For the same reason, the ankles should not be crossed either.


Gradient magnetic field switching are also known to sometimes induce metallic taste and magnetophosphenes; they are electromagnetically-induced visual flashes of light due to retina stimulation.

d. Auditory issues


Another potentially hazardous effect related to gradient magnetic fields is the acoustic noise produced as current is passed through the gradient coils during image acquisition. For anatomical imaging, the noise is mostly of low frequency and has a "clunking" sound; for EPI, the noise can be of very high frequency (600-1400 Hz) and sounds like a loud "beep". Generally, the stronger gradients used with higher magnetic fields and with EPI produce more intense noise. Prolonged exposure to this noise will damage the unprotected ear. Even conventional scanning procedures, which are considered to produce noise within the recommended FDA safety guidelines, have been documented to cause reversible hearing loss when patients did not wear ear protection.


All patients/subjects should wear hearing protection in the form of earplugs or headphones during scanning (both are recommended on the 3T). Earplugs must be the right size and properly inserted into the ear canal to obtain their full effect. This requires instruction and practice. Packing the subject’s head with foam cushions further dampens the noise and is recommended in the 3T environment.


Additional noise in the magnet environment comes from the magnet coolant pump, air handling system and patient fan. While not dangerous, these other sources of noise can be annoying to patients/subjects and can interfere with communication.

e. Thermal heating

A RF pulse (a short burst of an electromagnetic radiation) is used in MRI to "excite" tissue protons by an exchange of energy. The RF spectrum typically used in MRI covers the same frequencies that are used by radio stations (around 100 MHz).  Such high frequency oscillations do not elicit peripheral nerve stimulation (see previous section).

During MR procedures, the majority of the RF power transmitted for imaging is transformed into heat within the patient's tissue as a result of resistive losses from the induced electric field. This ohmic heating of tissue during MR procedures is greatest at the surface or periphery and minimal at the center of the body of human subjects. Absorption of RF power by the tissue is described in terms of Specific Absorption Rate (SAR), which is expressed in Watt/kg.

The SAR produced during a MR procedure is a complex function of scanner and body factors.  Scanner factors include the frequency (i.e., determined by the strength of the static magnetic field of the MR system, with resonant frequencies producing the greatest effect), the type of RF pulse used (e.g., 90° vs. 180° pulse), the repetition time and the type of RF coil used.  Body factors include the volume of tissue contained within the coil, the configuration of the anatomical region exposed, the orientation of the body to the field vectors, as well as other factors.  However, the actual increase in tissue temperature caused by exposure to RF radiation is dependent on the subjects thermoregulatory system (e.g. tissue perfusion, etc.). The risk of exposing subjects with compromised thermoregulatory function (e.g. elderly patients and patients taking medications that affect thermoregulation, such as calcium-blockers, beta-blockers, diuretics, or vasodilators) to MR procedures that require high SARs has not been assessed.

 The safety standards are designed to ensure that no tissue is subjected to a temperature increase of over 1°C. In the US, the recommended SAR levels are: 4 Watt/kg averaged over the whole body for any 15-minute period (1.5 Watt/kg if patient is thermally compromised, as a function of room temperature and humidity) and 3.2 Watt/kg averaged over the head for any 10-minute period.

When operating a commercially built scanner with coils and pulse sequences provided by the manufacturer, all scanning will be done within safe limits.  When developing new coils, pulse sequences or in other ways adapting the scanning environment, it is the obligation of the investigator to ensure that the scans will be safe for human subjects.  Several of the newer pulse sequences and imaging techniques that have been developed use relatively high levels of RF energy.  For example, using fast spin echo (FSE) and magnetization transfer contrast (MTC) pulse sequences on high-field-strength MR systems may require levels of RF energy that easily exceed whole body averaged SARs ranging between 4.0 to 8.0 W/kg (i.e., higher than the level currently recommended by the FDA).  The thermogenic effects of RF energy deposited by the newest ultra high field imaging systems have yet to be characterized.

f. Electrical Burns

RF fields can cause burns by producing electrical currents in conductive loops. When using equipment such as surface coils, ECG or EEG leads, pulse oximeter cables etc, one must be extremely careful not to allow the wire or cable to form a conductive loop with itself or with the subject. Coupling of a transmitting coil to a receive coil may also cause severe burns.

In Marc 2009, the FDA emitted a warning against transdermal patches with metallic backing. They must be removed prior to scanning to avoid burns. “Red dots” ECG leads must also be removed. Dark tattoos have been reported to cause heating. To decrease the side effect, it is recommend placing a wet towel on the tattoo.

g. Cryogenic liquids/quench


A quench is a rapid loss of magnetic field, happening within 20 to 30 seconds. It occurs when the liquid cryogens boil off rapidly. A quench can occur via manual activation of the quench button or spontaneously by a fault in the magnet itself. A quench should only be performed by authorized personnel with proper training in dire emergency that involves a serious personal injury. Sudden loss of the magnet field in a quench situation could damage the magnet or components of the system. There is a considerable cost related to quenching the magnet and re-implementing the magnetic field. 


In the event of a quench, all persons from the magnet room must be immediately evacuated. The venting of the liquid cryogens may cause a loud bang or thundering, hissing or rushing sound with the cold gas expulsion. A quench can lead to serious health hazards. If the venting system fails, the cryogens will fill scanner room and the increase in pressure can potentially rupture the ear drum. Asphyxiation can occur from breathing helium while oxygen is displaced. Hypothermia and frostbite can occur due to the extremely cold helium, the temperature of liquid helium is approximately -269 degrees C or 4.17 degrees K.  

h. Contrast agents


Anaphylactic reactions are rare but do occur. In case of a severe reaction, the recommendation is the following: administration of epinephrine with an auto injector device (0.5 mg of 1:1000 concentrated epinephrine to be given intramuscularly in the lateral thigh, lower dose for people under 50 kg). The auto injector should be within easy reach, for example in an emergency tackle box.


Nephrogenic systemic fibrosis (NSF) and gadolinium. NSF is a newly discovered disease (1997) that has been associated with the use of gadolinium-based MRI contrast agents in patients with severe renal disease, most commonly those on dialysis. NSF is a disorder characterized by thickening and hardening of the skin and immobility or tightening of the joints. If the patient has risk factors for kidney disease (> 60 years, diabetes, systemic lupus erythematosis, history of renal disease, multiple myeloma), a BUN/creatinine should be performed within 1 month of examination (lab value cutoffs may be institutionally determined). It is advisable that no patient with an eGFR of <30 ml/min/m2 (Stage 4 or 5 kidney disease) should receive gadolinium contrast agents unless the benefits are deemed to outweigh the risks. A consultation with a radiologist is suggested before administrating Gadolinium contrast agents to a pediatric patient or a patient with a eGFR of <60 ml/min/m2. There is no need for a radiologist consent if the eGFR >60.

i. Pregnancy


Present data have not conclusively documented any deleterious effects of MR imaging exposure on the developing fetus. Therefore, no special consideration is recommended for the first, versus any other trimester in pregnancy. Nevertheless, as with all interventions during pregnancy, it is prudent to screen women of reproductive age for pregnancy prior to permitting them access to MR imaging environments. If pregnancy is established, consideration should be given to reassessing the potential risks versus benefits of the pending study in determining whether performance of the requested MR examination could safely wait until the end of the pregnancy.


Policy regarding research: given the scarcity of data on the subject and the high susceptibility of the developing fetus to damage in general, it is not worth the risk for pregnant women to participate as subjects in MR research studies.

MRI technologists: most clinical units allow pregnant employees to enter the scan room, but not to remain in the room while the RF and gradient fields are applied during image acquisition.

j. Pediatric


Children form the largest group requiring sedation for MRI, largely because of their inability to remain motionless during scans. Sedation protocols may vary from institution to institution according to the procedures performed (diagnostic vs interventional), the complexity of the patient population (healthy preschoolers vs premature infants), the method of sedation (mild sedation vs general anesthesia), and the qualifications of the sedation provider. 


For the neonatal and the young pediatric population, special attention is needed in monitoring body temperature for both hypo- and hyperthermia in addition to other vital signs. Temperature-monitoring equipment that is approved for use in the MR suite is becoming more readily available. Commercially available, MR-approved neonatal isolation transport units and other warming devices are also available for use during MR scans.


Children may not be reliable historians and, especially in cases of older children and teenagers, should be questioned both in the presence of parents or guardians and separately to maximize the possibility that all potential dangers are disclosed. Therefore, it is recommended that children be gowned before entering Zone IV to help ensure that no metallic objects, toys, etc. inadvertently find their way into Zone IV. Pillows, stuffed animals, and other comfort items brought from home represent real risks and should be discouraged from entering Zone IV. If unavoidable, each such item should be carefully checked with the powerful handheld magnet and perhaps again in the MR scanner prior to permitting the patient to enter Zone IV with the object in order to ensure that it does not contain any objectionable metallic components. Some facilities have a choice of safe toys for kid to choose during scanning time

3. Distress in the MR environment.

Distress in the MR environment includes all subjectively unpleasant experiences that are directly attributable to the MR study. The distress of subjects undergoing MR studies can range from mild anxiety that can be managed simply with minimal reassurance, to a full-blown panic attack that may require psychiatric intervention. Severe psychological distress reactions to MR imaging, namely anxiety and panic attacks, are typically characterized by the rapid onset of at least four of the following clinical signs: fear of losing control or dying, nausea, paresthesias, palpitations, chest pain, faintness, shortness of breath, feeling of choking, sweating, trembling, vertigo, or depersonalization. 

The physical environment of the MR system can be a source of distress to subjects. Sensations of apprehension, tension, worry, claustrophobia, anxiety, fear, and even panic attacks have been directly attributed to the confining dimensions of the interior of the MR system in the clinical studies (e.g., the patient's face may be three to ten inches from the inner portion of the MR system). Similar distressing sensations have been attributed to the prolonged duration of the MR examination, the gradient magnetic field-induced acoustic noise, the temperature and humidity within the MR system, and the distress related to the restriction of movement. 

Research studies on the incidence of anxiety responses to MR imaging have only been conducted on patients undergoing diagnostic procedures. Note that clinical imaging to diagnose or stage disease is inherently distressing. In that population, moderate distress severe enough to be described as a dysphoric psychological reaction has been reported by as many as 65% of the patients examined by MR imaging. The most severe forms of psychological distress described by patients are claustrophobia, and anxiety or panic attacks.  Claustrophobia is a disorder characterized by the marked, persistent and excessive fear of enclosed spaces.  In such affected individuals exposure to enclosed spaces such as the MR environment almost invariably provokes an immediate anxiety response that can be indistinguishable from a panic attack as described above.  

Motion artifact disrupting the MR image quality is frequently the result of subject distress. Motion artifacts can compromise the quality of MR image data. A recent clinical study of 297 first-time MR outpatients demonstrated that approximately 13% of all MR studies showed motion artifacts unrelated to normal physiological variables and about half of these impaired the diagnostic quality of the examination. Excessive anxiety with accompanying tremors, trembling, and jaw clenching has been presumed to contribute to motion artifacts in MR images. 

Certain measures to alleviate subject distress should be employed for all studies. Appropriate screening procedures to exclude susceptible subjects from studies are required. For clinical research studies in which the subject population of interest has an anxiety disorder e.g. claustrophobia, generalized anxiety disorder, post-traumatic stress disorder, or obsessive-compulsive disorder or a cognitive deficit, it is always necessary to use measures to minimize distress. 

The single most important step is to educate the subject about the specific aspects of the MR examination that are known to be particularly difficult to tolerate. This includes conveying, in terms that are understandable, the internal dimensions of the MR system, the level of gradient magnetic field-induced acoustic noise to expect, the estimated time duration of the study, and the need to remain still during imaging. 

Upon entering MR facility, subjects who are treated with respect and are welcomed into a calm environment will experience less distress. Many details of subject positioning in the MR system can increase comfort and minimize distress. Taking time to ensure comfortable positioning with adequate padding and blankets to ensure no undue pain from positioning is also important. Adequate ear protection should be provided routinely to decrease acoustic noise from the MR system. Demonstrate the two-way intercom system to reassure the subject that the MR staff can hear them when they speak and can speak to them. 

Maintain verbal contact via the intercom system or physical contact by having a study staff person remain in the MR system room with the subject during the examination to decrease psychological distress. All subjects should be given a “panic button” that allows them to immediately communicate severe distress.  MR system-mounted mirrors or prism glasses can be used to permit the subject to maintain a vertical view of the outside of the MR system in order to minimize phobic responses. 

4. Patients and visitors screening.


All persons undergoing an MRI examination, regardless of their medical conditions, must either complete the screening form or have one completed by a relative/healthcare proxy.

List of conditions that rule out a patient/subject:

Cardiac pacemaker

Surgical aneurysm clips

Neurostimulator

Implanted pumps

Metal in body oreyes. If metal is suspected, the patient must be cleared by a radiologist, it is usually done via a routine Xray)

Pregnancy (for research only)

List of conditions that might rule out a patient/subject:

Ear implants, most are OK but certain cochlear implants are not

Metal rods, plates or screws in the body or the mouth

Previous surgery if metal is left in the body

IUD, most are OK except those made of Copper-7

Hearing aid, they should be removed

Dentures, they should be removed

Prosthetic heart valve, most are plastic now but documentation must be provided to prove that it is safe

Braces, they cause severe frontal artifact

Hair extensions, very often they are tied to the real hairs by metallic pieces

Tattoos or permanent eyeliner if the ink contains metallic specks

Individuals undergoing an MRI exam must remove the following:

Jewelry, even if it is pure gold. There is an exception for the wedding bands, which cannot be removed.

Hearing aids

Body piercing

Watches

Hair holder

Metal on clothing (belt, metal buttons, under wired bra)

Any magnetic media (credit card), electronic devices (cell phones, beepers etc) must be removed because they will be damaged by the magnetic field
Most hospitals required patient/subject to change into a hospital gowns


While doing a screening, do not consider the individual’s history with prior scans as a reason to bypass screening. The only exception is if the patient was scanned within 24 hours (or within the same day), and screening form is accessible.

5. Real situations.

Here are a couple of real situations and how to best handle them:

a. You suddenly discover the patient has a ferrous magnet clip and the patient is already in the scanner:

The patient must be removed from the scanner slowly and then escorted out of the scanner room.

b. A metal worker has had several MRI’s from outside institutions:  

You still need documentation that there is no metal presence in the eyes. It must obtain orbits prior to imaging.

c. An IV pole is inside the bore, but no one is hurt:

You should immediately call service. In trying to remove the object, you can cause harm to yourself and/or another individual

d. Medical emergency:

In case of cardiac or respiratory arrest or other medical emergency within Zone IV for which emergent medical intervention or resuscitation is required, appropriately trained and certified MR personnel should immediately initiate basic life support or CPR as required by the situation while the patient is being emergently removed from Zone IV to a predetermined, magnetically safe location. All priorities should be focused on stabilizing (e.g., basic life support with cardiac compressions and manual ventilation) and then evacuating the patient as rapidly and safely as possible from the magnetic environment that might restrict safe resuscitative efforts.

No resuscitation equipment can be brought in the magnet room. Further, for logistical safety reasons, the patient should always be moved from Zone IV to the prospectively identified location where full resuscitative efforts are to continue.

6. Ethical conduct.

a. Investigator Training

It is the responsibility of every investigator who conducts research with human subjects, healthy or otherwise, to be fully informed about and to practice current standards of good clinical practice. This information is widely available and each institution has an office to assist you. HMS (http://www.hms.harvard.edu/integrity/) has official policy statements regarding the responsible conduct of research.  Read them.  Practice safe research.

You are responsible for understanding the rights of your human subjects and the requirements for obtaining true informed consent. You can peruse the federal Office for Human Research Protections website.  Required reading includes: The Belmont Report: http://www.hhs.gov/ohrp/humansubjects/guidance/belmont.htm and the Title 45 Code of Federal Regulations Part 46 Protection of Human Subject http://www.hhs.gov/ohrp/humansubjects/guidance/45cfr46.htm
You may choose to complete the Collaborative IRB Training Initiative (CITI) human subjects research educational program.  The CITI offers many advantages, primarily the depth and breadth of information pertaining to human-subject research and the case-based application of ethical concepts and regulations in a web-based learning environment. You can register for the CITI program through https://www.citiprogram.org/default.asp.

b. Critical Elements to Informed Consent

There can be no element of coercion in the recruitment of research subjects.  All subjects have the “right” to say no. For example, in the setting of a lab director asking a trainee to participate in a study, the right to say “no” is violated by the conflict generated by the director’s position of authority over the trainee.

All risks must be clearly specified in the consent. For a typical MRI study at either 1.5T or 3T, the information that is required includes the following:

“There are no known or foreseeable risks or side effects associated with conventional MRI procedures except to those people who have electrically, magnetically or mechanically activated implants (such as cardiac pacemakers) or to those who have clips on blood vessels in their brain. There are no known additional risks associated with high-speed MRI. Both the conventional and the high speed MRI systems have been approved by the FDA and will be operated within the standards reviewed and accepted by the FDA.

A magnetic resonance scan is not uncomfortable. You will lie on a table that slides into a horizontal cylinder that is only slightly wider than your body. You will be asked to lie still, but you will easily be able to hear and speak to the research staff. The MR scanner makes loud knocking or beeping sounds during imaging; earplugs will be provided to help reduce this noise. There should not be any significant discomfort during this procedure. If you notice any discomfort you should notify the investigators as soon as possible. If the discomfort cannot be reduced to an acceptable level, the scanning session may be stopped. The MRI can be stopped at any time at your request.  If you are prone to claustrophobia (fear of enclosed spaces) you should notify the course director in charge of the scan.  If you are or might be pregnant, it is recommended that you do not participate in this MRI study.”

c. Risk/Benefit Considerations

Over the past several years the bar has been raised in terms of the allowable risk/benefit ratio for IRB approved studies. For example, it is no longer possible to get federal funding or IRB approval for studies to expose patients to the risks of imaging solely to learn about the underlying scientific basis of the disorder. Instead, the investigator must demonstrate how the outcome of the study will directly impact the clinical care of that study population. This is true not only for clinical trials of potential new treatments, but also for pharmaceutical challenge studies.  

It is incumbent upon each investigator to determine all potential risks or adverse outcomes from a proposed study and to establish that the benefit to society will sufficiently outweigh the risk to the participating individuals.

7. References.

a. Current FDA criteria for non-significant risks

- Field strength < 8T for anyone aged one month and older

- SAR < 3 W/kg averaged over 10 minutes in head

- SAR < 8 W/Kg in any 1 cc of tissue in head averaged over 5 minutes

- Acoustic Noise <140 dB peak and 99 dB average with ear protection

- No painful or severe peripheral nerve stimulation

b. ACR blue ribbon panel on MRI safety


The first American College of Radiology white paper on MR safety appeared in the June 2002 issue of the AJR. This first report was produced by a blue-ribbon panel of experts chaired by Emanuel Kanal, MD, and covered all areas related to MR safety. A second version of the report, which appeared in the May 2004 issue of the AJR, provided an update and revisions. The ACR White Paper on Magnetic Resonance (MR) Safety, last updated for 2006, has been reviewed by the Subcommittee for MR Safety and updated for 2007. This comprehensive document is now been retitled ACR Guidance Document for Safe MR Practices: 2007. This new version represents a virtual rewrite of the entire document. Each section has been re-evaluated and updated, with several entirely new sections and appendices including MR facility safety design guidelines and facility emergency preparedness guidelines. 


Included are recommendations on imaging pregnant patients, pediatric screening and sedation issues, the safety of accompanying family or personnel, and relevant physical principles associated with high magnetic fields, to name a few. The section on MR contrast agent use is very current; including information on the association of certain gadolinium-based MR contrast agents with the recently described nephrogenic systemic fibrosis in patients with impaired renal function.
http://www.acr.org/SecondaryMainMenuCategories/quality_safety/MRSafety/safe_mr07.aspx

c. www.mrisafety.com


The website www.mrisatefy.com includes a list with information for over 1,200 implants, devices, materials and products. Over 200 were tested at 3T.

