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Metal Artifact Reduction

WHAT7 Metal artifact reduction strategies and sequences are designed to reduce susceptibility artifacts caused by the presence of metal
in an MR imaging volume.

Erin J. Kelly, PhD

WHY" In MRI, most metallicimplants cause artifacts which can interfere with the anatomy of interest in the image by causing distortion
or signal loss, due primarily to strong magnetic susceptibility.

WH EN 2 In patients with metallic implants, artifact reduction techniques are especially useful for reducing the interference of related
artifacts thus facilitating a more confident diagnosis.
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Example of knee images with !
a metallic implant (Titanium ' l \
alloy). Images from left to right

display acquired sagittal and

reconstructed coronal MPR

for 2D FSE, mART+ and mART

EXP, respectively. Reduction

of through-plane artifacts can

be seen (white arrows).
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HOW?

Some extent of susceptibility artifacts can be mitigated by optimizing the parameters in the pulse sequence as seen in
the formula below. The size of the susceptibility artifact depends largely on the following parameters:
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the material/tissue. Artifacts can be reduced by a strategy called mART, e encode
implemented with several approaches: Gro
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mART : With fast spin echo imaging, utilizes wide bandwidth, short echo U & & <
train spacing, and high readout resolution, mART minimizes the effect Figure 1. Pulse Sequence diagram in which the VAT gradient
of susceptibility. and the kz-encode gradient are shown in red.
mART+ : mART+ implements an additional gradient on the slice select Stce Number Figure 2.
axis, called the View Angle Tilt (VAT) gradient, and along with mART, Conceptual data depiction
further reduces distortion artifacts. VAT offsets the distortions caused by sieera of MART EXP. Note that

mART EXP is based on an
FSE 2D sequence and the
acquired 4-dimensional
data: x, y, z, and slice.

the metal in the readout directions. Essentially, the VAT gradient reverses
the susceptibility artifacts induced during the initial slice select gradient
(see Figure 1), further reducing metal artifacts in the in-plane direction.
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mART EXP : Expands upon mART+ by also reducing the through-plane
susceptibility artifacts with additional z-encoding gradients (Figure 2). sticews | (8,
These z-encoding gradients identify the frequency distribution in the
slice direction.




Precautions Tips, Tricks and best practices

« Scanning metallic implants should only be performed « For best results, mART EXP should maintain the optimal
within the guidelines provided by the implant parameter adjustments utilized in mART and mART+.
f . . L N
manufacturer - Effective fat suppression is challenging in the presence
- Scan time and reconstruction time will be increased. of metal. When necessary, use a fat suppression
technique that is insensitive to field inhomogeneity,

« Materials with high magnetic susceptibility will exhibit

larger signal voids. such as STIR.

« Artifacts cannot be eliminated completely.

Questions from the field?

Q. Why do different types of metal implants result in different severity of artifacts?

A. Various types of metals are used for implants. Each type of metal has a different magnetic susceptibility (X). For example, the
magnetic susceptibility for stainless steel, cobalt alloys, and titanium are approximately 5000 ppm, 1000 ppm, and 180 ppm,
respectively. mART EXP+ can reduce distortion artifacts in both the slice direction and readout direction, however the signal
void will be more prominent for metals with higher magnetic susceptibility. These signal voids cannot be completely corrected.

Q. Why is the scan time longer for mART EXP compared to mART+?

A. mART EXP acquires a four-dimensional dataset: x, y, z, and slice. Typically, 2D acquisitions acquire three dimensions of data
(x,y, and slice). mART EXP results in a 2D FSE image but acquires the 4th dimension in order to collect the frequency
distribution in the slice direction. These additional encoding gradients require additional time to collect the data points
in this dimension. Compressed SPEEDER is used to help mitigate the increased acquisition time.

Q. What is the difference between pile-up artifacts and signal voids?

A. Mostimplants are made from metallic materials such as titanium and stainless steel. They are ferromagnetic and have a high
magnetic susceptibility which causes dephasing of the signal resulting in signal loss. Additionally, frequency variations result
in displacement of signal. This causes it to be shifted away from one region, and to accumulate in another, resulting in a bright
artifact that is often described as “pile-up.”

. What are some parameters that can be adjusted to minimize metal artifact reduction ?

Sequence type : FSE is preferred over FE or SE because FSE refocuses the dephased signals with the 180-degree pulse.
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Echo time and echo train spacing : short TE and ETS limit the time to allow for dephasing with more echoes acquired prior to
signal decay.

Bandwidth : a wider bandwidth includes a large range of frequencies, thereby confining the geometric distortion to a smaller region.
Slice thickness : thinner slices experience less through-plane distortion, resulting in increased signal fidelity around metal implants.
Readout matrix : high readout matrix reduces distortion over the anatomy in the frequency direction.

Parallel imaging : the presence of metal can cause a significant loss of signal, which can be exacerbated by parallel imaging.
Therefore, parallel imaging should be avoided.

Want to stretch your knowledge?

For more resources and useful links, please visit our Good to Know pages on the global website.
https://global.medical.canon/products/magnetic-resonance/good-to-know
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