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• Advanced MRI Safety

• Implants & Devices Safety

• Contrast Safety

Lecture Overview



Advanced MR Safety
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Source: Siemens Healthineers



Static Fields

• Missile injuries/fatalities

• Implants/devices

• Biological effects



Static Fields: Missile Injuries/Fatalities

• Factors:

– Metal Type

– Object Size

– Magnetism

• Common Objects:

– Wheelchair

– IV Poles

– Oxygen Tanks

– Hospital Beds

• Special MR safe items usually labeled

– Scissors

– Pens

– Bras

https://www.youtube.com/watch?v=MMP8gt4nZ6I



Static Fields: Biologic Effects

• Headaches

• Vertigo

• Metallic Taste

• Nausea

33-year-old male volunteer in a 7 Tesla magnet



Static Field: Safety Measures

• Trained individuals

• Specialized doors

• Danger signs

• Ferromagnetic Detection 

Systems

• Zones

JMRI 2013;3:501-30
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Gradient Field Effects: Peripheral Nerve Stimulation

• PNS Depends on:

– Peak gradient amplitude

– Current density

– Duration of induced 

voltage

– Gradient field orientation

– Body size

– Tissue sensitivity

– Other factors

• Symptoms

– Tingling sensation

– Muscle twitching

– Can cause pain

https://mriquestions.com/



Gradient Field Effects: Acoustic Noise

• MRI >130 dB

• Factors

– Field strength

– Pulse sequence

– Imaging parameters

– Physical features of 

scanner & environment
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Radiofrequency (RF) Fields

• Radiofrequency:

• Goal to excite protons

• Energy absorbed by tissues

• Local & whole-body heating

• Specific Absorption Rate (SAR) is the RF power absorbed per unit mass of 

tissue (W/kg)

• Complex function of numerous variables (calculated by scanner software)

• Dependent on body mass → accurate patient weight is vital.

• The MRI scanner will restrict SAR dependent on scanning mode.

• SAR increases 9-fold from 0.5T to 1.5T.



Implants & Device Safety



Implant & Device Safety: Screening

• EVERYONE needs to be screened

• Written & verbal



Implant & Device Safety Website



Implant & Device Safety: MRI Item Labeling

• MR Unsafe:

– Should NOT enter scanner room

• MR Conditional:

– Only under specific conditions

– Check safety labeling

• MR Safe:

– NO safety hazards, restrictions

https://www.ismrm.org/mr-safety-links/mr-safety-posters/



Implants & Device Safety: CONDITIONAL

• Know MR conditions approved on labeling:

– Static magnetic field strength

– Type of transmit RF coil

– Acceptable whole body/local SAR

– MRI Conditions 

• maximum spatial field gradient

– Expected maximum temperature rise

– Other requirements

• Patient position, device programming/settings



Implant & Device Safety: Heating → Burns



Implant & Device Safety: Burn Prevention

https://www.ismrm.org/mr-safety-links/mr-safety-posters/



Implant & Device Safety: Cardiac Devices



Implant & Device Safety: Pacemakers/Defibrillators

• Setup:

– Implant >6 weeks prior to scan

– Only on 1.5T system

– Onsite cardiologist & device tech

• Modes:

– NOT dependent:  ODO/OVO

– Dependent:  VOO/DOO

• Abort if the following:

– Abandoned lead/fractures lead

– Patient discomfort

– Cardiac stimulation/arrhythmias

• MRI in 1000 pacemaker and 500 ICD cases

• Device or lead failure did not occur in any patient with a non–

MRI-conditional pacemaker or ICD

• Scans were at 1.5 tesla, pts appropriately screened, and 

devices reprogrammed
N Engl J Med 2017; 376:755-764



Implants & Device Safety: Foreign Bodies

• Screen all patients

• “Have you previously been struck in the eye by a 
piece of metal (shavings, shrapnel, BB…)?”

• “If so, was it removed?”

• Occupational exposure to metal fragments alone 
usually not sufficient to warrant additional 
radiographic workup.

• If reasonable suspicion or patient seems unsure:

• Review prior head imaging

• If imaging not available → X-ray

• Check proximity to vital neurovascular 
structures



Contrast Safety



CMR

Cardiac Mass

RV Dysplasia
Pericardial 

Constriction

Anomalous 

Coronaries

Valve Disease

Viability/Cardiomyopathy

Stress Perfusion



37788 doses of Gadolinium based 

contrast agent were administered

Mean dose:

24.7 ml (range 5– 80 ml)

0.123 mmol/kg (range 0.01 - 0.3 mmol/kg)

• 45 acute adverse reactions (0.12 %)

• Most classified as mild (43 of 45)
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Gd Based Contrast Agents

Group I: Agents associated with the greatest number of NSF cases:

Gadodiamide (Omniscan® – GE Healthcare)

Gadopentetate dimeglumine (Magnevist® – Bayer)

Gadoversetamide (OptiMARK® – Guerbet)

Group II: Agents associated with few, if any, unconfounded NSF cases:

Gadobenate dimeglumine (MultiHance® – Bracco Diagnostics)

Gadobutrol (Gadavist® – Bayer)

Gadoterate meglumine (Dotarem® – Guerbet)

Gadoteridol (ProHance® – Bracco Diagnostics)

ACR Manual on Contrast Media, Version 10.3, 2018.
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Vulnerable Populations?

• Pediatric Patients
– Fetus (pregnancy)

– Infants

• Comorbidities that might affect biodistribution:
– Diabetes

– Renal Insufficiency

– Osteoporosis

• Patients needing repeated imaging over lifetime
– E.g., Aortic aneurysm

Patient selection



Special safety: Pregnancy



Special safety: Pregnancy



Nephrogenic Systemic Fibrosis

Risk Factors:

• History of kidney disease:
– Dialysis

– Renal transplant

– Single kidney

– Kidney surgery

– Renal cancer

• Hypertension

• Diabetes mellitus

Bhargava V et al. Nephrogenic systemic fibrosis: A frivolous entity. World J Nephrol 2021; 10(3): 29-36



Assessment of Renal Function Prior to Imaging

ACR Manual on Contrast Media, Version 10.3, 2018.



Gadolinium and ESRD
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a) 0.1 mmol/kg after 10 min b) 0.2 mmol/kg after 20 minD’Angelo et al. JCMR, 2017.

Contrast Dose Minimization
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Non-contrast 3D SSFP Acquisition of Thoracic Aorta

François, et a; American Journal of Roentgenology. 2008



Edelman et al.  MRM 2010

Non-Contrast QISS Contrast Enhanced

Quiescent-Interval Single-Shot (QISS)

Unenhanced MRA



Thierfelder et al.  PlosOne 2014.

Non-Contrast QISS Contrast Enhanced

Quiescent-Interval Single-Shot (QISS)

Unenhanced MRA
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Ferumoxytol Properties

• IV iron formulation

• Can be used for "off-label" MR imaging 
of patients with renal failure or allergic 
to gadolinium

• Ultrasmall (~20 nm) super 
paramagnetic iron oxide particles 
which shorten T1 and T2/T2*

• Long intravascular half-life of 14 hours 
→ suitable for MRA

• Later uptake into liver, spleen, bone 
marrow and lymph nodes

https://mriquestions.com/



Summary on Optimal Utilization of GBCA

• Contrast agent selection

• Vulnerable patients
– Very young

– Renal/Metabolic disorders

– Need for repeated imaging

• Dose Minimization

• Use of non-contrast Imaging Techniques

• Use of non-Gd based MRI contrast alternatives




