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Challenges  

Screening to Identify Implants 

Researching implants 

Risk versus Benefit Decision 

Scanning Safely under the Conditions of a 
Device 



Screening 

Patient Condition 
and Compliance 

Language Barriers  

Lack of overall 
understanding and 
memory of medical 
history 

Blatant Disregard for 
potential dangers or 
misunderstanding the 
impact of incorrect 
answers 





Positive Identification of a Device 
• At this date in time: 

– No standard exists for surgical notes or how implants are documented into medical records 
– There are guidelines but no laws for how companies making medical devices test implants and 

devices 
– The means of indentifying a device is not standard and no easy solution exists 

• RFID 
• X-ray 
• Implant cards, medical records, patient recollection 

 



Researching Devices 

Correct information about the actual device 

Implant cards 

Surgery notes 

Patient or family knowledge 

Finding the actual company or manufacturer of 
the device  

Obtaining information on MR testing and 
conditions for scanning 



Risk versus Benefit Decisions 

Composite of all known information about the 
device 

Review of the patients history and medical 
need for the scan 

Decision to weigh this information and make a 
decision to scan or not to scan 



Conditions for scanning 

Manufacturer of the Device has set up 
guidelines for scanning 

MR scanner and Zone 4 room has known 
design layout and properties 

MR Technologist must understand conditions 
and match those against the scanner 
capabilities and limits 



Why is that so hard? 

Patient cooperation is not always good for 
many reasons 

Implant testing is not uniformly followed 
despite FDA guidelines  

Information on implants is not always easy to 
find 

Once found following the conditions and 
matching them to the scanner capabilities can 
be difficult 



Physicist's role  

• Large teaching hospitals typically have a team 
of highly trained PhDs available 
– Help build protocols, policy and procedure 

– Review data for devices as they come thru 

– Develop material for each scanner to help techs 
understand system specifications 

– Teach, train and participate in MR safety 
committees and informal groups 

• Some sites are at a disadvantage and may 
need outside resources to accomplish work 
clearing implants 



Physician/Radiologist’s Role 

• Knowledge and understanding of MR Safety 

• Direct the process for screening and clearing 
devices 

• Guide risk/benefit decisions 

• Respond to concerns and support MR safety 
policies 
 



Technologist Role 

• Screen 

• Research 

• Provide the Radiologist(s) with latest and most 
complete MR safety information 

• Remain educated and up to date on all MR 
Safety information and news 

• Counsel patients about MR safety as it relates 
to screening, changing and potential safety 
concerns 



Safety Issues 

• Attraction by the B0 field 
• Torque from moving thru B0 field 
• Heating from the RF (B1) 
• Current induction from the Gradient Field 

– Peripheral Nerve Stimulation 

• Noise from the Gradients 
• Artifacts 

– Metal 
– RF 
– Electrical currents 

 
 



Screening and Changing Pts 

• To ensure all pts are as safe as possible in our magnets 
please review the your safety policy and adhere to the 
following guidelines: 
– All pts must change into MR safe clothing prior to exam 
– All pts (or a proxy) must complete a MR screening form 
– All pts must have hearing protection  
– All implants and devices will be identified and researched 

as needed 
– Every patient will have a “communication tool” such as 

buzzer or squeeze ball in case of emergency 
– No patient will be left unattended during an exam 
– All Conditions and guidelines for safety will be followed  



 Scan room checks 

• Infection control 
– Linen, coils, pads, etc. disinfected prior to placing pt 

on the table 

– RFID chips-New way to prevent theft—some artifacts 

– Review all equipment to ensure it is in good working 
order, is clean and properly housed in safe location 
• MR conditional equipment is at proper location 

• No loose wires, damaged or frayed connectors 

• All padding and linen is clean and in good condition 

– Review with pt and all who must enter the scan room 
to ensure they are MR safe 

 



Positioning on table 

– Tips for keeping pts safe in the RF (B1) field 

• Don’t bundle too much-remember we will heat them 
about 1’C 

• Room temp a little on the cool side-Vendor typically 
recommends 68’ 

• Pad between the pt and all coils, wires, devices. Do not 
allow any loops that could conduct RF  
– Loops with wires 

– Loops by touching tissues  

– Loops when the body touches the RF coil (s) 

 

 



Sponge pads are required between arms  
& magnet bore walls. 

RF Electromagnetic Fields (B1) 

Courtesy of Anne Sawyer 
Stanford University 



B0 or the main magnetic field 

• Attraction when the metal is ferrous  
– FDA limits are 3T for clinical and 8T for all human 

research 

– Most implants are rated to 1.5T but most can be 
interpolated to higher field 

• Torque as we move thru the field 
– Spatial field gradients 

• SFG(spatial field gradients) or MFG(magnetic field 
gradients) 

• g/cm or T/M 



Types of Magnets  

• Horizontal Field-This is all our magnets. It means 
the magnet field runs horizontally thru the 
magnet (s/i) or parallel to the bore 

• Vertical Field is usually a permanent magnet and 
the magnetic field runs perpendicular to the 
bore/opening 

• Open vs. closed-This term indicates that our 
“cylindrical” magnets are “closed”. The 
permanent C-shaped and clam shell design would 
be “open” 

 

 

 



• Open Bore-Vertical field 

 

• Closed Bore-Horizontal 
field  

 



Spatial Field of B0 
• Implants that have weak magnetic fields could 

experience “torque” as they move thru the field from 
high to low or vice versa 
– This could cause damage to the tissue surrounding the 

implant and is a risk for unknown stents, clips, coils, etc 

• Fringe field is measured in gauss and the movement is 
g/cm or T/m 

• Individual magnets SFG are written as a calculation of 
Field strength and shielding 

• Typical #s- 550G/cm(5.5T/m) up to 1500G/cm (15T/m) 
• *To convert T/m to G/cm, multiply by 100 

 



Fringe Field of the Magnet 



Spatial Field Gradient or Magnetic Spatial Gradient Map 



Spatial Gradient Field 

• As you walk either towards or away from the 
middle of the magnet you will experience a 
changing magnetic field. This is the Spatial 
Gradient or Magnetic Spatial Gradient Field 

• Measured in Gauss per cm (strength over 
distance) or mTesla per meter (i.e.…. 11T/m =  
1100 G/cm) 

• SGF is strongest at the front and back of the 
magnet on both sides 



Gradient Slew Rate 

• This relates to the strength and speed of the 
gradients (those that make the loud noise). 
Slew rate is a product of how fast and at what 
power the gradients are working. 

• A typical high end new system is 200 T/m/s 

• Gradient modes vary 

– SLOW (quietest and weakest) 

– NORMAL 

– FAST (loudest and strongest) 

 
http://mri-q.com/gradient-specifications.html 



Radio Frequency 

• Sometimes referred to as B1 

• Transmit coil 
– Is actually creating a weak magnetic field 

– Uses power to send RF into the pt based on pulse 
sequence and pts weight and distribution 

– Typically the body or internal coil but in the case of some 
T/R coils (head and ext usually) one local coil may do both 

• Receive coil 
– Is only the antenna and not a power source  

– Remember the RF transmission does generate a current. 
Any current can have consequences 

https://nationalmaglab.org/education/magnet-academy/learn-the-
basics/stories/mri-a-guided-tour 



Transmit RF 

• SAR (Specific Absorption Rate) is a 
calculation of pulse sequence needs 
and the patients weight/tissue 
makeup 
– Prescan does this job. During this step 

the RF power is calculated (slightly 
differently for different 
scanners/vendors) 

• B1 rms (root mean square) is 
calculated from RF power the 
scanner will output for the sequence 
you want to run 
– Measured in 

microTesla(µT)(1,000,000 µT = 1 T) 

– The same parameters that reduce SAR 
also reduce B1rms 

https://nationalmaglab.org/education
/magnet-academy/learn-the-
basics/stories/mri-a-guided-tour 



Heating measurements 

• Specific Absorption Rate  limits 
– Low SAR (most conservative level) 1.2 w/kg 

– Normal -2w/kg *most implants want this* 

– 1st level (highest clinical level) 4 w/kg 

– 2nd or Research level (need research key) 

• These are buttons on your machine and can be set 
during the scan. You also can view the “SAR monitor” 
to see how close you are to your limits 

• Newer cards may read B1rms ( that is the total power 
output of the RF) Measured in microtesla the number 
is specific to the protocol and not the pt.  

 http://www.eeweb.com/electronics-quiz/what-is-the-maximum-specific-absorption-rate-sar-allowed-in-
the-us-for-cell 



What impacts Heating? 

• All Parameters that affect RF 

– TR 

• Because if you deliver a RF pulse then wait (time of 
repetition) we give the tissue coiling time 

– Echo Trains/Turbo Factor 

• Each of these are RF pulses more ETL or TF is more RF 

• Flip angle of the  ETL/TF (higher flips are more RF power) 

– SAT Bands- 

• This are RF pulses therefore more SAR 

– More Slices=more RF transmission 

 

 



What impacts PNS? 

• Type and Slew rate of the Magnet 

• Type of Pulse sequence 

• Gradient mode 

• Patient positioning  

• Equipment/leads? 

 

 



What impacts Noise? 

• Type and Slew rate of the Magnet 

• Type of Pulse sequence 

• Gradient mode 

• Type  and function of Hearing protection 

• Patient to some degree 

 



Let’s now look at some implants and talk about if & how 
to scan patients who have them- 

• Decision: “a conclusion or resolution reached after 
consideration.” 

• Risk: :An unknown with measurable probability” 



Disclaimer*******The second I 
drafted this it became out-dated. Every 
implant should be researched prior to 

scan for the most updated information. 
This is meant only as a guideline and 

educational tool. Refer to LMR 
instructions to direct you to look up 

devices. 



Because everything 
you read on the 
internet is true…. 

 



Reading conditional labeling 



Aneurysm Clips 

•  Aesculap does not recommend the use of MRI on a 
patient implanted with a YASARGIL aneurysm clip 
identified with the letters "FD". 

• Op notes are needed to Positively Indentify the 
Device.  

• Must know the Make/Model and be able to look 
them up. www.mrisafety.com is a pretty good place 
to start. 
– Yes I know they are mostly ok…however the consequence 

of getting this wrong could be fatal to your pt. 

 

 

http://www.mrisafety.com/


Intracranial Pressure Monitors (ICP) 

• The Camino 110-
4B, Camino 110-
4BT, Camino 110-
4G, and the 
Camino 110-4L 
are MR Unsafe. 

 

Mrisafety.com 



Pacemaker 
• Patients with bradycardia may 

be eligible for a 

    pacemaker that will monitor 
their heart. If the pacemaker 
detects an irregular or slow 
heart rate it will send out 
electrical signals to correct it. 

 

 

 

Some but not all are 
MR Conditional 



Revo/Advisa Medtronics system 

• The SureScan® pacing 
system is MR Conditional 
designed to allow patients 
to undergo MRI under the 
specified conditions for use. 
A complete system, 
consisting of a Medtronic 
MRI SureScan IPG 
implanted with two 
CapSureFix  MRI® SureScan 
leads, is required for use in 
the MRI environment. 



Revo/Advisa Conditions: 

Pt must have Cardiology appt 1st to put the 
device into Safe mode 

● Horizontal cylindrical bore magnet static magnetic field of 1.5 
Tesla (T)  

● Maximum gradient slew rate performance per axis of ≤ 200 
Tesla per meter per second(T/m/s) must be used. 

● The scanner must be operated in Normal Operating Mode 

● Proper patient monitoring must be provided during the MRI 
scan. This includes visual and verbal contact with the patient, 
and monitoring heart rate using instrumentation 



Implanted Cardiac Defibulator 

• ICD-conditions are similar to Pacemaker 

• Medtronics has a Evera Surescan that has the 
exact same conditions as the Revo and Advisa 
pacer 



Cardiac Monitoring 

• Reveal® XT Insertable Cardiac 
Monitor (ICM) captures the ECG 
you need to make informed 
decisions about your syncope 
patients and those who 
experience transient symptoms 
that may suggest a cardiac 
arrhythmia. 

• Reveal XT ICM Provides 
• 3-year longevity for long-term 

monitoring1 
• MR conditional labeling for safe 

patient management‡ 
• Medtronic CareLink® Network 

compatibility for remote 
monitoring 
 



MR Conditions Medtronics Reveal and Linq 

A patient with a Reveal LINQ device can be safely scanned in an MR system that 
meets the following conditions. Failure to follow these conditions for use may 
result in a hazard to the patient during an MRI scan: 

•  Cardiology must first download all data as the MR may erase information 

• Horizontal cylindrical bore magnet, clinical MRI systems with a static magnetic field 
of 1.5 Tesla (T) or 3.0T 

• Maximum spatial gradient of the static magnetic field specification must be ≤25 
T/m (2500 gauss/ cm). 

• Whole body gradient systems with gradient slew rate specification must be ≤200 
T/m/s per axis. 

• The Whole Body Specific Absorption Rate (WB-SAR) as reported by the MRI 
equipment must be ≤4.0 W/kg; the head SAR as reported by the MRI equipment 
must be ≤3.2 W/kg. 

• Do not use local transmit coils on the chest, trunk, or shoulder region. 

• There are no restrictions on the placement of receive-only coils, and there are no 
restrictions on the use of local transmit or receive coils for imaging of the head or 
extremities 

 



Vagus Nerve 
Stimulator 

Generator 
Model 

102 102R 103 104 105 

Lead 
Compatibility 

Single Pin Dual Pin Single Pin Dual Pin Single Pin 

Available 
Since 

2002 2003 2007 2007 2011 

Thickness* 7 mm 7 mm 7 mm 7 mm 7 mm 

Volume* 14 cc 16 cc 8 cc 10 cc 14 cc 

Weight* 25 g 27 g 16 g 18 g 25 g 

Cybertronics 



VNS MR Conditional 

MR Conditions 

• Patient appt before and 
after with Neurology 

• 1.5 or 3T 

• Transmit and Receive coil  

• SGF-720 g/cm 

• Normal operating mode 

 

Exclusion Zone 



Medtronics MRI Device Types 
********Always review the most current labeling prior to performing an 
MRI scan. 

 
Deep Brain Neurostimulators 
Gastric Electrical Neurostimulators 
Intrathecal Drug Infusion Systems 
Sacral Nerve Neurostimulators 
Spinal Cord Neurostimulators 
Other Medtronic products 

http://professional.medtronic.com/pt/neuro/dbs-md/ind/mri-guidelines/index.htm
http://professional.medtronic.com/pt/gastro/ges/ind/mri-guidelines/index.htm
http://professional.medtronic.com/pt/neuro/idd/ind/mri-guidelines/index.htm
http://professional.medtronic.com/pt/uro/snm/ind/mri-guidelines/index.htm
http://professional.medtronic.com/pt/neuro/scs/ind/mri-guidelines/index.htm
http://www.medtronic.com/mri


Retained Leads 

• Pericardial Leads 
 

– Patients with retained temporary 
epicardial pacing wires are believed to 
be able to safely undergo MRI 
procedures. Importantly, these patients 
do not need to be routinely screened 
for the presence of such wires before 
scanning. Because of the possible risks 
involved with temporary-pacemaker 
external pulse generators, such pulse 
generators should not be allowed in the 
MRI environment. 
 

• Intracardial leads 
– scanning patients with temporary 

intracardiac pacing leads (without the 
pulse generator) is not recommended, 
although lead heating might be 
minimized or avoided by scanning 
anatomic regions above (e.g., 
head/brain) or below (e.g., lower 
extremities) the cardiac pacing leads. 
Furthermore, because the harsh 
electromagnetic environment 
associated with the MR system can alter 
the operation of an external pulse 
generator or damage it, it may not be 
possible to reliably pace the patient 
during the MRI examination, which 
makes the issue of scanning a patient 
with a temporary intracardiac, 
transvenous lead irrelevant in most 
cases. 

http://www.mrisafety.com/SafetyInfov.asp?SafetyInfoID=286 

file://///localhost/upload.wikimedia.org/wikipedia/commons/6/6a/Fluoroscopy_pacemaker_leads_right_atrium_ventricle.png


Medtronics Interstim Bladder 
stimulator 

• The implantable InterStim 
neurostimulator produces mild 
electrical pulses that are 
delivered via the lead to an area 
near the sacral nerve to help 
normalize neural activity from the 
bladder or bowel to the brain. 
Control of symptoms is achieved 
through direct modulation of the 
nerve activity that influences the 
behavior of the pelvic floor, lower 
urinary tract, urinary and anal 
sphincters, and colon.* 
 



Interstim Bladder Stimulator  
▪ 1.5-Tesla (T) horizontal closed bore 

▪ Maximum spatial gradient of 19 T/m (1900 gauss/cm) 

▪ RF transmit/receive head coil only (no RF transmit body coil) 
– Usually only head and ext coils (BWH-Pike, L1-Aera) 

▪ Gradient slew rate limited to 200 T/m/s 

▪ Normal operating mode  

▪ If possible, do not sedate the patient 

• Pt will need potentially an appt with Urology pre and post 
▪ Model 3058 and eligible Model 3023 Neurostimulators: Turn the 

neurostimulator off 

▪ Eligible Model 3023 Neurostimulators only: Disable the magnet switch 



Deep Brain Stimulator 

Models that are MR conditional 

▪ Itrel II Model 7424 

▪ Soletra Model 7426 

▪ Kinetra Model 7428 

▪ Activa PC Model 37601 

▪ Activa RC Model 37612 

▪ Activa SC Model 37602 

▪ Activa SC Model 37603 

Recommended neurostimulator settings (for 
all programs) for MRI Parameters Settings 

 

Stimulation output : 

• Turn neurostimulator off for: Itrel 
II, Soletra,Kinetra, Activa PC, 
Activa RC, and ActivaSC 

• Stimulation mode-Bipolar (Soletra 
and Itrel II only) 
– Amplitude 0 volts (Soletra and Itrel 

II only) 

– Magnetic (reed) switch Disabled 
(Kinetra only) 

– Day cycling Disabled (Kinetra only) 

– Other parameters Do not change 



Similar to a pacemaker, the device contains a battery and microelectric 
circuitry that provides a controlled electrical pulse. It is implanted under the 
skin near the clavicle. The electrical signals generated are delivered to the 
desired region of the brain via an extension and lead. Also called a pulse 
generator. 

DEEP BRAIN STIMULATOR 

http://www.google.com/url?url=http://www.webmd.com/parkinsons-disease/guide/deep-brain-stimulation&rct=j&frm=1&q=&esrc=s&sa=U&ei=XydmVP7cE4GxyATIw4HQDg&ved=0CBYQ9QEwAA&usg=AFQjCNGWXD9ESfqfSqzMp_23SdXkwKimuw


Medtronics DBS-MR Conditions 

• Pt must have appt with Neurology to evaluate the 
device and program to correct mode 

• Average head SAR to 1/10(0.1)W/kg or less for all RF 
pulse sequences unless the applied SAR is known 

• 1.5-Tesla horizontal bore MRI 
• Use only a transmit-receive head coil 
• Gradient dB/dt field to 20 Tesla per second or less 

– Normal Gradient mode 

• Monitor the patient both visually and audibly 
• Verify that the stimulator is functional. 
• Reprogram the stimulator to pre-MRI settings. 



New labeling 2017 



Programmable Shunts 

• Static magnetic field of 
3.0 Tesla or less 

• Spatial Gradient of 720 
G/cm or less 

• Radio Frequency (RF) 
Fields with an average 
Specific Absorption Rate 
(SAR) of 3 W/kg for 15 
minutes. 

• Performance level setting 
should always be checked 
before and after MRI 
exposure. 
 
 

********Subjecting the programmable 
valve placed in various orientations to 
multiple exposures to the 3-T static 
magnetic field and MRI performed using 
eight different pulse sequences altered 
the valve setting for 56% to 67% of the 
devices 



Strata NSC Lumboperitoneal Adjustable Pressure 
Shunts 

 
• Strata® NSC LP adjustable 

pressure shunts provide 
treatment for 
communicating 
hydrocephalus and 
idiopathic intracranial 
hypertension (pseudotumor 
cerebri). 
 

 

 

 

• The PS Medical Strata NSC 
lumboperitoneal valve is considered 
Magnetic Resonance Conditional  

• MRI systems of up to 3.0 Tesla may be 
used any time after implantation and will 
not damage the Strata® II valve 
mechanism, but can change the 
performance level setting. The 
performance level setting should always 
be checked before and after MRI 
exposure. 

• Static magnetic field of 3.0 Tesla or less 

• Spatial Gradient of 720 G/cm or less 

• Radio Frequency (RF) Fields with an 
average Specific Absorption Rate (SAR) of 
3 W/kg for 15 minutes. 

• Using the GE 3.0T Excite® HD Magnetic 
Resonance Imaging System, the valve 
experienced a maximum temperature 
change of 0.4°C over a 15-minute 
exposure period. 

 



Boston Scientific Precision 
Stimulators for Pain 

• Pt to have Neuro visit 
pre/post exam 
– 1.5 T Horizontal closed bore 

– 4000g/cm spatial gradient 

– Transmit/Receive Head coil 

– Gradient strength-200 T/m/s 

– No RF within 10cm of 
components 

– Normal operating mode 

– Monitor pt visually and verbal 
communication 

http://www.medgadget.com/2012/08/boston-scis-precision-plus-scs-now-mr-conditional-in-europe.html


Medtronics Spinal Stimulator 

• A Medtronic implantable 
neurostimulation system is 
indicated for spinal cord 
stimulation (SCS) system as an 
aid in the management of 
chronic, intractable pain of the 
trunk and/or limbs-including 
unilateral or bilateral pain 
 

• Applicable Systems: 

• RestoreSensor® SureScan® MRI Model 
97714 
RestoreSensor® Model 37714 
RestoreUltra® SureScan® MRI Model 97712 
RestoreUltra® Model 37712 
RestoreAdvanced® SureScan® MRI Model 
97713 
RestoreAdvanced® Model 37713 
Restore® Model 37711 
RestorePrime® Model 37701 
PrimeAdvanced® SureScan® MRI Model 
97702 
PrimeAdvanced® Model 37702 
SynergyPlus® Model 7479 
SynergyCompact® Model 7479B 
Synergy® Model 7427 
Synergy Versitrel® Model 7427V 
Itrel® 3 Model 7425 

 



Medtronic Spinal Stimulator 



MR Conditions for Medtronic's Spinal 
Stimulator 

• Caution: Before conducting the MRI scan, confirm that the 
patient's implanted neurostimulation system is off ******Pt. 
needs appt with Neurosurg pre and post 

• 1.5-T horizontal closed bore with maximum 

• Spatial gradient of 19 T/m (1900 gauss/cm) 

• Transmit coil: 

– body transmit/receive (built-in), quadrature only. 

– head transmit/receive, quadrature only. 

 



Pain Pumps 

• The SynchroMed II 
(Baclofen)Infusion 
System is indicated 
when patient therapy 
requires the long-term 
infusion of drugs or 
fluids. 



Conditions of  Synchromed  Pain 
Pumps 

• 3T 

• Normal Mode 

• 20 T/s db/dt 

• Device must be parallel with 
the Z axis. Not 
perpendicular (90’) 

• Image artifacts may occur if 
scanning area where of 
pump 

• Device must be interrogated 
post MR to insure it is 
working correctly 

Not safe when device is Perpendicular or 
90’ to Z axis 



General Guidelines for Otologic 
devices 

Stapes Prosthesis and Metallic Middle Ear Ossicular Chain Reconstruction Implants: All devices are safe for 

use in a 1.5T magnetic field or less with the exception of the 1987 McGee stainless steel prosthesis. 

 

Osseointegrated Cochlear Stimulator: The BAHA and Ponto System by Oticon Medical’s abutment and fixture 

are MRI safe. The Sophono Alpha 1 is contraindicated for MRI use as it involves an implanted magnet which 

ultimately osseointegrates into the skull. 

 

Middle Ear Implantable Hearing Devices: These devices are contraindicated for MRI use. There are several 

studies in the literature looking at the effect of MRI on patients with Vibrant Soundbridge implants. There are 

reports of disturbing noise perception, pain, pressure at the receiver bed, subcutaneous movement of the 
implant 

receiver, and the need for repositioning of the FMT portion of the VSB in these patients. 

 

Cochlear Implants: Overall these Implants are contraindicated for MRI use in the United States  

with some exceptions. Implants with removable magnets can be safely used when the magnet is removed. 

The newer MEDEL implants are approved in magnetic strengths up to 0.2T.  



Cochlear Implants 



Current Cochlear Implant Systems  
 

–The Nucleus Cochlear Implant Systems 

–The Clarion Cochlear Implant Systems  
• Removable magnet for MRI compatibility. 

MRI safe for scans at 0.3T and and 1.5T 
with the magnet removed 

–The MED-EL Cochlear Implant  
• This is the one that says you can put 

elastic around the head. .2 and 1.5T safe 

 



Nucleus Bone conductors (BaHa) 

• The Cochlear™ Nucleus® 5 (CI500 series) Cochlear 
Implant, Cochlear Nucleus Freedom™ cochlear 
implant, Nucleus 24 cochlear implant, and some 
Nucleus 22 cochlear implants have a removable 
magnet and specific design characteristics to enable 
them to withstand MRI up to 1.5 tesla with the 
magnet removed, but not higher. Those with a 
magnet in place must not enter Zone 4. 

 



Baha Cochlear Implants 

• The Baha sound processor and SP Magnet must be removed before entering a room where an MRI 

• scanner is located. 

• Non-clinical testing has demonstrated that the BIM400 Implant Magnet, in combination with BI300 
Implant, 

• is MR Conditional. A patient with this device can be safely scanned in an MR system meeting the following 

• conditions. Scanning under other conditions may result in severe patient injury or device malfunction. 

– • Static magnetic field of 1.5 Tesla only 

– • Maximum spatial gradient field of 26600 Gauss/cm (266 T/m) 

– • Maximum switched gradient slew rate per axis of 200 mT/m/ms 

– • Maximum switched gradient amplitude per axis of 45 mT/m 

– • Maximum MR System reported whole body averaged specific absorption rate (SAR) of 2.0 W/kg (Normal Operating 
Mode) 

– • Baha sound processor and SP Magnet must be removed before patient enters a room containing an MR scanner 

– Additional instructions essential to safe use in the MR environment: 

 • Under the scan conditions defined above, the BIM400 Implant Magnet is expected to produce a maximum 
temperature rise of 4.5°C after 30 minutes of continuous scanning. 

– • In non-clinical testing with the implant magnet in place, the image artifact caused by the device extends 
approximately 11.5 cm (4.5 in.) from the BIM400 Implant Magnet when imaged with a gradient echopulse sequence 
and a 1.5 Tesla MRI system. 

 



Animas Insulin pump 

• Insulin pump should not be 
exposed to very strong 
electromagnetic fields, such 
as MRIs, RF welders, or 
magnets used to pick up 
automobiles. Very strong 
magnetic fields, such as that 
associated with MRI, can 
“magnetize” the portion of 
the insulin pump’s motor 
that regulates insulin 
delivery and, thus, damage 
the device. 

• Mrisafey.com 

Animas.com 



Breast Tissue Expanders 

• Adjustable breast tissue 
expanders are utilized for 
breast reconstruction 
following mastectomy for 
the correction of breast. 

• MR procedures are 
deemed unsafe for 
patients with these 
specific breast tissue 
expanders. 
 
 



Penile Implants 

• Some penile implants evaluated for ferromagnetic qualities had substantial 
deflection forces measured when exposed to a 1.5 Tesla magnetic field. Although it 
is unlikely that a penile implant would severely injure a patient undergoing an MR 
procedure because of the manner in which it is used, it would undoubtedly be 
uncomfortable. For this reason, subjecting a patient with one of these implants to 
an MR procedure is inadvisable 

• The Titan OTR is MRI conditional 6 
       -Static magnetic field of 3-Tesla or less  

- Maximum spatial gradient magnetic field of 720-Gauss/cm  
- Maximum MR system reported whole-body-averaged specific absorption rate (SAR) of 3-W/kg 
for 15 minutes of scanning (per pulse sequence) 

Penile implant, Duraphase   Unsafe 1 1.5 

 It may be uncomfortable for a patient with a Duraphase or Omniphase penile implant to 

undergo an MR examination. For this reason, an MR procedure is not advisable. 

 
 

 
 

 

 

http://www.mrisafety.com/GenPg.asp?T_MRI_DOC_LISTPageSize=10&T_MRI_DOC_LISTOrder=Sorter_Subject&T_MRI_DOC_LISTDir=DESC&T_MRI_DOC_LISTPage=102&pgname=InfoAndTerminology


Opthalmic Implants 
courtesy of mrisafety.com 



Implants…must be checked 



Scleral Buckles- Are ok 



From Dr. Shellock on ocular implants 
• Of the different ocular implants, lens implants, and devices tested in the MR environment, 

the Fatio eyelid spring, the retinal tack made from ferromagnetic stainless steel, the 
Troutman magnetic ocular implant, and the Unitek round wire eyelid spring demonstrated 
positive magnetic field interactions in association with exposure to 1.5-Tesla MR systems. By 
comparison, many of the lens implants pose no hazard to the patient during an MRI 
procedure since they do not contain metallic materials  
A patient with a Fatio eyelid spring or round wire eyelid spring may experience discomfort 
but would probably not be injured as a result of exposure to an MR system. In fact, patients 
have undergone MR procedures with eyelid wires after having a protective plastic covering 
placed around the globe along with a firmly applied eye patch as a precaution.  
The retinal tack made from martensitic stainless steel and Troutman magnetic ocular implant 
may injure a patient undergoing an MR procedure, although no such case has ever been 
reported. 

• Interestingly, Tokue, et al. (2013) reported that certain color contact lenses, which are a type 
of cosmetic contact lens, may contain iron oxide or other metals, which means that their 
presence during MRI may be problematic due to the associated imaging artifacts. 

• Tantalum clips were found to be less bulky than sutures, allowing the surgeon to adjust the 
tension of the circling band for the scleral buckle. Tantalum clips did not cause tissue reaction 
and did not harbor infection. Because tantalum is a non-ferrous metal (non-magnetic), these 
clips are considered to be acceptable for patients undergoing MRI procedures 



Endoscopy clips 

http://www.google.com/url?url=http://www.sciamsurgery.com/sciamsurgery/institutional/figTabPopup.action?bookId=ACS&linkId=part05_ch26_fig6&type=fig&rct=j&frm=1&q=&esrc=s&sa=U&ei=LGNmVLCPBfSOsQSEoILIDA&ved=0CBYQ9QEwAA&usg=AFQjCNGyvIFz1_5bWAJHgUTWL096DX2Xfw


Endoscopy Clips that are issues 

• Long Clip, HX-600-090L 

• QuickClip2, HX-201LR-135 & HX-201UR-135. The 
QuickClip2, HX-201LR-135 & HX-201UR-135 
(Olympus Medical Systems Corporation) 

• TriClip Endoscopic Clipping Device 

– All of these have a warning: “Do not perform MRI 
procedures on patients who have clips placed 
within their gastrointestinal tracts. This could be 
harmful to the patient.” 

 



Endo Capsules 

• Is there anything 
special I should do 
during the 
procedure? 
– While the capsule is in 

your body, you should 
not have an MRI exam or 
be near an MRI machine. 



Skyla IUD 

•  Static magnetic field of 3 Tesla or less  

•  Spatial gradient field of 36,000 Gauss/cm 
(T/m) or less  

•  Maximum whole body averaged specific 
absorption rate (SAR) of 4W/kg in the First 
Level Controlled mode for 15 minutes of 
continuous scanning  

• In non-clinical testing, the Skyla produced a 
temperature rise of less than 1.8°C at a 
maximum whole body averaged specific 
absorption rate (SAR) of 2.9 W/kg, for 15 
minutes of MR scanning at 3T using a 
transit/receive body coil.  

• MR Image quality may be compromised 
(that is, a small amount of artifact may 
occur) if the area of interest is in the exact 
same area or relatively close to the position 
of Skyla. Image artifact extended up to 5 
mm from Skyla in a Gradient Echo  



Lens 
Implants 

• Many of the lens implants pose no 
hazard to the patient during an MRI 
procedure since they do not contain 
metallic materials (see The List). 

• There were some Lens implants pre 
1980 which were not tested. These 
are probably ok but not testing data 
exists 

• Interestingly, Tokue, et al. (2013) 
reported that certain color contact 
lenses, which are a type of cosmetic 
contact lens, may contain iron oxide 
or other metals, which means that 
their presence during MRI may be 
problematic due to the associated 
imaging artifacts. 

 



Things we don’t worry much about 
(today) but still have to know for sure 

• Cardiac Stents 
– Per Shellock and others 

Cardiac stents currently ok 
– Tattoos 

• We know there is potential 
for heating but the incidence 
is very low 

• Burns have occurred and pts 
must be made aware 

• Non-programmable shunts 
– Some artifact but they are 

thought to be safe 

• IUDs 
– Must be vetted but 

currently most are safe 

• Hemostatic Clips, Fasteners, 
and Staples 
–  Able to scan with no 

waiting time 

• Things that are stationary, 
not electronic, non-
ferrous and scarred into 
tissue. 
–  Not on/around vital 

organs like major blood 
vessels, brain, nerves 
 

 



The Final Word 

• For all Category 3 and above devices an implant 
form must be completed. This form has 2 
components: 
– Tech 

• Research and patient information 

– Radiologist 
• Risk vs. Benefit assessment and communication to 

techs/referring and patient when necessary 

• When in doubt ask your chief technologist, 
Radiologist or safety officer for help or 
clarification 
 


