Numerical field evaluation of healthcare workerswhen bending towar ds high-field MRI magnets
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Synopsis: In MRI, healthcare workers may be exposed to strong static and dynamic magnetic fields outside of the imager. Presented are numerical evaluations of
electric fields/currents in anatomically-equivalent male and female human models (healthcare workers) as they lean towards the bores of three superconducting
magnet models (1.5T, 4T and 7T) and x, y and z- gradient coils. The combined effect of the 1.5T superconducting magnet and the three gradient coils on the body
models is compared with the contributions of the magnet and gradient coils separately. The simulation results indicate that it is possible to induce field quantities
above regulatory guidelines, especially when the MRI operator is bending close towards the main magnet and all three gradient coils are switched simultaneously.

Method: Three realistic symmetric superconducting magnets (1.5T, 4T and
7T unshielded) and actively shielded, whole body, symmetric x, y and z-axis
gradient coils were considered in this study. Tissue-equivalent whole-body
male and female voxel phantoms (Norman and Naomi) were employed to
accurately model the exposure of occupational workers to fields produced by
the main magnet and gradient coils. The quasi-static finite-difference method
was employed to compute the induced electric fields. For further details on the
magnets, gradients, body model and the computational method, the reader is
referred to (1). For the case of a body model that is leaning towards a main
magnet, the assignment of velocities to model voxels undergoing a rotating
motion is detailed. Each voxel in the upper half of the body model is
physically rotated forward at an angle ¢, relative to the bending pivot as
illustrated in Fig.1. Here, the bending pivot is treated as a line that is parallel
to the x-axis and is located at the frontal body side/surface between the upper
and lower half of the body model. The lower half of the voxel model remains
stationary in this case. A back projection method is then engaged to match
each voxel of the projected body to the original standing model.

Fig.1 - Sketch of the male body model in front of the imager entrance. Illustrated
are TYPE | and TYPE Il region scan set-ups

Following model worker exposure scenarios were considered:

i)  Main 1.5T, 4T and 7T superconducting magnets (no pulsed gradients)
ii)  Combination of all three gradient coils (without static field gradients)
iii) 1.5T magnet (with cryostat) and all three gradient coils

as the body models undergo a bending motion towards the bore entrance of
the designated system. In evaluations ii) and iii), each gradient coil is assumed
to produce a 40 mT/m gradient field within the imaging volume. In iii), the
exposure to static and dynamic fields is modelled separately at first, after
which the induced electric field components are added appropriately to obtain
the combined effect of exposure. The minimum distance between the model
surface and the imager end (including cryostat) was assumed to be 10 mm.

Results and discussion:

The average and 1%-thresholded values of E, J and 1 cm® -averaged J
in selected tissues of Norman for all designated exposure cases

15T 4T i Gradients  Combination

Case Tissue
Avg 1% Avg 1% Avg 1% Avg 1% Avg 1%

CSF 2250 7468 4819 17375 71.82 25471 229.20 469.64 251.70 544.32

T Brain 5683 16417 128.62 382.10 188.88 560.15 486.00 899.71 542.83 1063.88
WS Spine 2331 5226 39.79 10064 6221 146.35 118.80 56821 142.11 620.47
E  Heart 20935 6827 4734 11091 7475 17326 8640 17089 11575 239.16
Skin 1058 51.13 1878 109.43 29.66 159.18 74.00 436.78 84.58 487.91

CSF 4500 23302 96.39 542.11 143.64 794.71 458.00 146544 503.00 1698.46

T Brain 156 436 354 1015 520 1487 4800 8579 4956 90.15
~Z% Spine 040 089 068 172 107 250 360 1642 400 1731
E  Heart 158 367 254 595 401 932 920 1822 1078 21.89
Skin 000 001 000 002 001 003 000 009 000 010

CSF 1929 4625 4067 107.98 60.76 158.29 212.40 387.68 23169 433.94

§C Bran 481 3772 1102 8771 1619 12858 8080 30657 8561 34429
©3% Spine 701 2357 1164 37.92 1831 6146 3400 20021 4101 22378
§ E Heart 289 1045 466 1697  7.36 2672 1360 4356 1649 54.00

Skin 0.20 2.86 0.36 6.76 0.56 9.92 200 1804 220 2091

Conductivities of tissue - CSF: 2.00 Sm™; Brain: 0.03 Sm™; Spine: 0.02 Sm™;
Heart: 0.05 Sm™; Skin: 2.00e-4 Sm™; Fat: 0.01 Sm™; Muscle: 0.20 Sm™.
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Fig.2 - Shown are records of induced electric field E and current density J for both
the male and female body model. The subplots are in terms of exposures to: A)
1.5T, B) 4T C) 7T magnet, D) all three gradient coils and E) combination of 1.5T
magnet and all three gradient coils: for type I (right) and type II (left) region scan.
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Fig.3 — Electric field and current density distributions at the maximum bend angle
of 80° and radial position of r = 0: exposure of Naomi to the three main magnets
(left) and exposure of Norman to the 1.5T magnet, three gradient coils as well as
combination of the 1.5T magnet and the three gradient coils (right).

The induced E-fields increase for increasing bend angle. As the physiology
and dielectric properties of each and every person is somewhat different, it is
quite difficult to predict the exact mechanisms of induced fields and their
effects on the physiology. It still remains unknown to what degree the low-
frequency electromagnetic fields can be harmful to the humans in long-term
exposures. Nevertheless, it is possible to gain useful information by evaluating
the peak fields relative to different positions of the radiologist/technician
around the imager and to use this to inform clinical practice.

Conclusion: The simulation results of healthcare worker exposure to gradient
coils indicate that the induced field quantities can be of very similar
magnitude as those induced in the patients during MRI imaging and therefore
should not be ignored. More importantly it was observed that the field
induction due to pulsed gradient coils dominates over the induction attributed
to the body bending motion through non-uniform static magnetic fields.
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