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AIMD MR RF-induced Heating Hazard
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An active implantable medical device (AIMD), usually includes:
• An implantable pulse generator (IPG);
• Implantable lead, with lead tip electrode.

Patients with implantable medical devices may face some 
safety issues when undertaking the MRI scanning. 

RF-induced heating, the tissue temperature increment due to 
the RF field transmitted by RF coil, is one major concern.
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Transfer Function Method
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Transfer function (TF) method could assess the RF-induced heating of AIMD by combining the TF 
model with tangential E field along the lead pathway.

𝛥𝛥𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡 = 𝐴𝐴 �
𝐿𝐿
TF(𝑙𝑙)𝐸𝐸tan(𝑙𝑙)𝑑𝑑𝑙𝑙
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TF Measurement Environment
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(a) Illustration of the TF measurement, 
(b) photograph of the TF measurement system
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What if ?
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Sometimes, a passive implantable medical device (PIMD) could 
be placed near an AIMD for medical needs. 
The existence of the PIMD might affect the EM characteristic of 
the AIMD which is associated with the TF model.

Perrucci, R.M., Coulis, C.M. Chiropractic management of post spinal 
cord stimulator spine pain: a case report. Chiropr Man Therap 25, 
5 (2017). https://doi.org/10.1186/s12998-017-0136-0
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Introduction
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We propose to assess the RF-induced AIMD heating using:
(a) the TF developed without the metallic structure nearby 
(b) and the incident E-field assessed with the metallic structure 

nearby.

𝛥𝛥𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡 = 𝐴𝐴 �
𝐿𝐿
TF(𝑙𝑙)𝐸𝐸tan(𝑙𝑙)𝑑𝑑𝑙𝑙

2
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In-vitro Heating Experiments Validation
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A commercially available AIMD (referred as AIMDC) with a 30 cm 
single lead and a generic plate system (referred as PlateG) were 
used in the experiment study.

Presenter Notes
Presentation Notes
The generic plate system consists of a 100 mm × 25 mm × 5 mm metal plate and three 40 mm long screws with 5 mm diameter. The three screws are equally spaced on the midline of the metal plate with a gap of 40 mm (a) coil and phantom used in the experiments, and (b) the dimension of PlateG
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In-vitro Heating Experiments Validation
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The AIMDC was placed 2 cm away from the side 
wall of the phantom along the y-direction and 4.5 
cm under the saline gel surface.

P(x,y) is used to define the relative position 
between the AIMDC and PlateG.

6 configurations are referred as P(5,0), P(5,-50), 
P(5,-150), P(55,0), P(55,-50), and P(55,-150).
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In-vitro Heating Experiments Validation
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Incident Field Evaluation

By integrating the incident 𝐸𝐸𝑡𝑡𝑡𝑡𝑡𝑡(𝑙𝑙) with the measured 𝑇𝑇𝑇𝑇 𝑙𝑙 , the 
RF-induced heating was evaluated for the same configurations 
described above .
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In-vitro Validation Results
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(a-b) shows the magnitude and phase of 
the TF of AIMDC .

(c-d) the RF-induced heating near the 
AIMDC tip was measured and evaluated by 
the TF method when the PlateG was 
placed in the vicinity of the AIMDC .
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Illustrations
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AIMD, PIMD placement, and 
landmark illustrations: 
(A)-(B) AIMD without PIMD, 
(C) AIMD with the cervical plate 
system, 
(D) AIMD with the pedicle screw 
system, 
(E) landmark -150 mm, 
(F) landmark 150 mm, 
(G) landmark 525 mm.

• Ten different landmarks, ranging 
from -150 mm to 525 mm, with a 
step of 75mm.
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Human Model Analysis Results
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The magnitude and phase of the TF(l) for the 60 cm SCS device 
are shown below:
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Human Model Analysis Results
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AIMD lead tip heating, 
(A) SCS Right_C1_C6_IC, (B) SCS Left_C3_T1_IC, 
(C) SCS Left_C2_C7_FL, (D) SCS Left_C3_T1_FL.

As clearly indicated in the figure, the AIMD 
heating can be significantly affected (up to 
18.36% with the cervical plate system and up to 
36.7% with the pedicle screw system) due to the 
existence of a passive device in the surroundings.
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Conclusion
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We propose to use the 
1. Using original TF
2. Electric field include PIMD

Results: 
1. Appropriate method 
2. PIMD can affect the heating
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