
Radio Frequency Field

Radio Frequency Coils and 
RF Power Distribution

RF Coil Maps
Distribution of RF Power



GE 750W

RF maps courtesy of Tobias Gilk

Siemens Prisma (courtesy Siemens)



Radio Frequency Field (B1)

Radio Frequency Field (B1)

Frequency

Wavelength

Amplitude

Field Strength and Frequency



Nuclei and Frequency

Hydrogen (H1) = 42.58 MHz/T

Sodium (Na23) = 11.27 MHz/T

Phosphorus  (P31) = 17.25 MHz/T

Field Strength and Frequency

1.5 T x 42.6 MHz/T = 64 MHz

3.0 T x 42.6 MHz/T = 128 MHz

Frequency and Wavelength

Wavelength is based on Frequency

As frequency (B0) increases, wavelength 
decreases



Frequency and Wavelength

Wavelength is based on Frequency

Optimal current induction in an elongated 
conductor is achieved when the length of the 

conductor matches a major harmonic of the RF 
wavelength

Electromagnetic Energy

Magnetic (B-field)

Electric (E-field)

Electromagnetic Energy
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SAR: Specific Absorption Rate

Specific to the body part and tissue

Absorption of the RF into the body/tissues

Rate of RF exposure and absorption

Units of Watts/kg

Biologic Effects

https://www.nottingham.ac.uk/magres/research/safety.aspx

Power In
Heat

Cooling

If input is greater than output, heating occurs



SAR

SAR is the rate at which energy gets deposited 
in the body (specific for each scan)

Power
In Power

Out (cooling)

Water Level = Heat

If input is greater than output water level rises

NEMA* Standards (MS 8-2008)

*National Electrical Manufacturers Association

“It is not considered prudent to raise the core temperature in 
a patient above 39.20 C (roughly a 2.2 degree rise from 
thermoneutral).  If patient exposure to radio frequency 
magnetic fields during MR scanning is insufficient to produce 
a core temperature rise in excess of 10 C and localized heating 
greater than 380 C in the head, 390 C in the trunk, and 400 C in 
the extremities, RF heating is considered to be within safe 
levels.”

Original FDA

0.4 W/kg

Exposure sufficient to produce a core 
body temperature increase of 10 C 
(normal core temp is 370 C)

We now know that we can scan at SAR levels
of 4 W/kg without incurring a core temp rise of 10 



SAR is estimated based on RF power (B1)

along with patient-related factors (assumed)

SAR Limits

FDA: provides guidelines

Manufacturers can use those guidelines 
or there own but must show they are 
safe

IEC*: provides standards

Manufacturers follow IEC standards

*International Electrotechnical Commission

FDA Guidelines



FDA Guidelines

IEC: Standards
Operating Modes

Normal ≤ 2 W/kg: No physiologic stress is expected

1st Level  > 2 W/kg up to 4 W/kg: Physiologic stress is possible

IEC: Standards
Operating Modes

Normal and 1st Level ≤ 3.2 W/kg: No physiologic stress is expected



SAR is Proportional To

The power of two for a system’s resonant 
frequency

The power of two for the B1 amplitude of 
the RF field

The power of five for the patient’s 
circumference

The patients average conductivity

Clinical 3T Magnetic Resonance, Val Runge, M.D., et al; Thieme 2007

Cooling Influenced By

Bore Temperature
Ambient Temperature
Relative Humidity
Air Flow Rate
Perspiration
Blood Flow

Some systems will
reduce SAR limits if
temp increases above  
240 C (750 F)

Cooling Influenced By

Bore Temperature
Ambient Temperature
Relative Humidity
Air Flow Rate
Perspiration
Blood Flow



“Various underlying health conditions may affect an 
individual’s ability to tolerate a thermal challenge 
including cardiovascular disease, hypertension, diabetes, 
fever, old age, and obesity. In addition, medications 
including diuretics, beta-blockers, calcium blockers, 
amphetamines, and sedatives can alter thermoregulatory 
responses to a heat load. Importantly, certain 
medications have a synergistic effect with RF radiation 
with respect to tissue heating. The environmental 
conditions (i.e., ambient temperature, relative humidity, 
and airflow) that exist in the MR system will also affect 
tissue temperature changes associated with RF energy-
induced heating.”

www.mrisafety.com

GE

Siemens



Philips

Low = 2.0 W/kg
Moderate = 3.2 W/kg
High = 4.0 W/kg

Parameters Effecting SAR

TR

Echo Train Length / Turbo Factor

Echo Spacing / Receiver Bandwidth

Flip Angle (GRE)

Refocusing Angle (FSE)

Specific Pulse Sequence

Managing SAR and Pt Warming
Scan in Normal Operating Mode as much as 
possible

Do not use minimum TR for maximum number 
of slices (long TR sequences)

Pause between sequences

Do not wrap patients in blankets

Alternate between high and low SAR sequences

Use vendor specific options



SED: Specific Energy Dose

Specific to the body part and tissue
Energy of the RF
Dose into the body

Units of Joules/kg

May also be referred to as "specific absorbed energy"

SAR

Water Level = SED

SAR is the rate at which energy gets deposited 
in the body (specific for each scan)

SED is the total accumulated amount of energy 
that gets deposited in the body

SED = SAR x time

Joules/kg = Watts/kg x sec

Energy
(SED)

or Temp

Scan Time

Tmax

Limit is correlated to a max rise in core body temp

High RF power  
(SAR)

Low RF power  
(SAR)

Courtesy John Kirsch, PhD



SED Limits

240 W-min/kg (14440 J/kg)*

*IEC 60601-2-33 edition 3 (2010) requirement

Research shows that this level will produce a 
temperature rise to 430 C (1090 F) above which 
patient with normal thermal regulation may 
suffer tissue damage1

1Magn Reson Med, 71, 421-431, 2014

SED Limits

100 W-min/kg (6000 J/kg)

Above this level patients with compromised 
thermal regulation may suffer physiological 
stress or even tissue damage1

1Magn Reson Med, 71, 421-431, 2014

SED Limits

100 W-min/kg (6000 J/kg)

Courtesy John Kirsch, PhD

240 W-min/kg (14400 J/kg)
1 Hr continuous scanning at 4 W/kg (1st Level Controlled)

2 Hr continuous scanning at 2 W/kg (Normal Mode)

25 min continuous scanning at 4 W/kg (1st Level Controlled)

50 min continuous scanning at 2 W/kg (Normal Mode)



RF-Related Burns

Skin-to-Skin Contact

E-field is focused in a small area

Newer GE UI: Exam dB/dt and SAR Limits Page



Gap (space) or insulating padding between the 
patient and side of the magnet

0.5 - 1.0 cm of padding



FDA MAUDE Database

Insufficient and shifting padding

Pt size did not allow for adequate padding

Delayed burn (approx 2 wks) 

Courtesy Frank Shellock, PhD

1.5 T, Head/Neck/Spine coil
Study: Brain and Whole Spine

Short obese patient with shoulders touching the 
side of the bore
Patient under GA
ECG monitored - “a lot of wires”

Total scan time
2 Hrs

Conductive Metal Contacting Pt.

prayfornoah.com

“Space Blanket”



Tattoos

BEFOREBEFORE AFTERAFTER

-RARE-RARE
-TRANSIENT-TRANSIENT
-MILD-MILD

Permanent Cosmetics

Tattoo

Courtesy Frank Shellock, Ph.D.

RF burn

“Neon” Tattoos

Body Modifications and Piercings



Examples of patient injuries and incidents
reported to the FDA in April of 2009

The site reported that a pt sustained a blister on the left arm during a mr hip exam 
using an 8-channel body array coil. According to the site supervisor, the pt ws 
sedated and placed into the bore with an intravenous (iv) line in the left arm. Due 
to the size of the pt, padding was not used.

The coil was positioned for a hip examination. It was observed that the coil cable 
was routed between the left arm and left breast. Immediately after the 
examination, first and second degree burns with a 17 mm and a 24 mm blister 
appeared on the inside of the left upper arm and left breast.

The site reported that the pt sustained quarter size blisters on both elbows during a 
mr exam of the sacrum using a torso array surface coil. The pt was not being 
monitored during the exam. The pt's hands were not clasped during the exam. 
Also, there was no cable or conductive material in contact with the pt during the 
exam. According to the site, no padding was used on the pt. Instead, the site used 
sheets and blankets

The operator was using a head coil to do the foot study. The hospital did not have 
an extremity coil at the time of the event. The operator introduced a metallic film 
approximately 8 inches wide which was wrapped around the patient's right leg as 
an rf blanket. The metallic film caused the heating and resultant fire. The patient 
received second degree burns when the fire occurred

Do not create loops with coil wires



Patient Injuries*

29.8% burns resulting from electrically 
conductive materials in the bore with the 
patient (leads, metallic clothing, coils, cables, 
etc.)

19.2% burns from contact with bore (RF coil)

16.3% projectiles

12.5% hearing damage

10.6% large-caliber body loops

*Personal communication Tobias Gilk: compiled from FDA reported injuries over a 2-year period

Unnecessary or unused electrically 
conductive materials

Large-caliber conductive loops (including 
patient)

Insulation/padding

Clothing

Skin-to-skin contact

RF-Related Heating

Pg 12 - 13

Staples or superficial metallic structures

Tattoos or Tattooed eyeliner

Cold/ice pack

Tattoo smearing (48 hrs post tattoo)

Skin-to-skin contact

Within volume of RF transmit coil

RF-Related Heating

Pg 12 - 13




