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ABSTRACT

Radiofrequency (RF) interference artifact is a common type of magnetic resonance imaging (MRI) artifacts
caused by the presence of unwanted RF field inside the scanner room. The artifact has the appearance of parallel
bright lines or bands that resemble zippers, which can mimic pathology, obstruct the viewing of underlining
tissues, and lower image signal-to-noise ratio, affecting the diagnostic evaluation of the image and sometimes

even rendering it non-diagnostic. Due to the presence of multiple possible sources of RF interference in MRI

*gorresPondlng author: and potential nonrelated MRI artifacts that resemble RF interference artifact, it may be difficult to effectively and
Wingchi Edmund Kwok, timely resolve the artifact problem. The objective of this paper is to provide a review of RF interference in MRI
Department of Imaging and to offer guidance in the prompt and correct identification of the associated image artifacts as well as efficient
Sciences, University of approaches to resolve and prevent RF interference problems. This article should serve as a useful educational
Rochester, Rochester, reference to magnetic resonance (MR) technologists and radiologists in dealing with MR image artifacts that may
United States. be caused by RF interference.
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Radiofrequency (RF) interference artifact is a type of image artifacts encountered in magnetic

Dol resonance imaging (MRI).!”) As the name implies, the artifact is caused by the presence of
10.25256/]CIS_74_2024 unwanted RF electromagnetic field [Table 1] inside the scanner room which interferes with
Quick Response Code: the magnetic resonance (MR) signal. It typically has the appearance of one or multiple parallel

bright lines or bands in the image that resemble zippers and so it is also called “zipper artefact”
Depending on the severity and the location of the artifact in an image, it may affect the diagnostic
evaluation of the image, sometimes even rendering the image non-diagnostic. RF interference
artifact is one of the most commonly seen image artifacts in clinical MRI examinations® due
to the multiple different possible sources of RF interference. The objective of this article is to
promote a better understanding of RF interference in MRI to promptly and correctly identify and
remove the associated artifact to avoid its adverse effect to the image quality and minimize the
potential interruption to patient scanning.

O 0]

This article consists of five main sections: (1) Characteristics of RF interference artifact,
(2) common sources of RF interference, (3) unrelated MRI artifacts that resemble RF interference
artifact, and (4) Identification and removal of RF interference artifact, followed by conclusion.

This is an open-access article distributed under the terms of the Creative Commons Attribution-Non Commercial-Share Alike 4.0 License, which allows others
to remix, transform, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
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Table 1: Glossary for abbreviations and technical terms.

Frequency range between 20 kHz and 300 GHz. MRI signal is within this
Signal intensity divided by its standard deviation in an image. For MR, it is a

Hardware installation to prevent unwanted

radiofrequency electromagnetic field from entering the MRI system and
interfering with the MRI signal

Deficiency in radiofrequency shielding allowing unwanted radiofrequency field
to enter the MRI system and interfere with the MRI signal

A tubular shaped device that guides the passage of electromagnetic wave. For
MR, it is constructed with a certain diameter to block RF field from entering
into the MR scan room while allowing non-metallic tubing and fiber optic cable
through an opening in the RF shielded room

Spatial varying magnetic field applied to spatially encode MRI signal for image

Decay of MRI signal after its generation by the application of a radiofrequency

A commonly used MRI technique that allows time-efficient scanning
Electromagnetic field applied at radiofrequency to generate or alter an MRI signal

Abbreviations/ Full terminology Description
Technical Terms
RF Radiofrequency

frequency range
SNR Signal-to-noise ratio

measure of image quality
RF shielding Radiofrequency shielding
RF leakage Radiofrequency leakage
Waveguide
Magnetic field gradient

formation
FID Free induction decay

electromagnetic field
FSE Fast spin echo
RF pulse Radiofrequency pulse
T1 Longitudinal relaxation time

A measure of how fast the magnetization of a body tissue return to its ground
state after MRI signal generation by a radiofrequency pulse. It is one of the MRI
characteristics for individual body tissues

RF: Radiofrequency, SNR: Signal-to-noise ratio, FID: Free induction decay, FSE: Fast spin echo, MRI: Magnetic resonance imaging

CHARACTERISTICS OF RF INTERFERENCE
ARTIFACT

RF interference artifact usually appears as bright parallel
lines or bands resembling zippers along the phase encoding
direction of an image [Figure la]. The positions of the
individual artifact lines/bands in the frequency encoding
direction correspond to the frequency components of the
interfering RF field. If the frequency and phase encoding
directions are swapped, the orientation of the artifacts in the
image changes accordingly [Figure 1b]. If the RF interference
is very broadband, the artifact is manifested as increased
background noise, resulting in lower image signal-to-noise
ratio (SNR) [Table 1] and lower image quality [Table 2]. RF
interference artifact can mimic pathologies and obstruct the
viewing of underlining tissues, affecting diagnostic evaluation
and may even cause the image to be non-diagnostic in serve
cases.

COMMON SOURCES OF RF INTERFERENCE

The electromagnetic field causing RF interference often
comes from outside of the MR scanner room via RF leakage,
but it may also originate from equipment within the scanner
room [Table 3].
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Table 2: Types of RF interference artifacts and their appearances.

Type of RF interference
artifact

Appearance

Single or multiple frequencies
Range(s) of frequencies
Broadband

Bright line or parallel lines
Bright band or parallel bands
Increased image noise, leading
to reduced image SNR

RF: Radio frequency, SNR: Signal-to-noise ration
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Figure 1: (a) Abdomen magnetic resonance (MR) image with
radiofrequency interference artifact (labeled by yellow arrows)
caused by damaged shielding in the MR scanner room door. (b) The
direction of the artifact (labeled by yellow arrows) changed with the
swapping of frequency and phase encoding directions in the image
acquisition.
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Figure 2: Photographs of (a) wall shielding, (b) screened window shielding, and (c) door shielding in

the magnetic resonance scanner room.

Table 3: Various sources of RF interference and their remedies.

Source Remedy

Scanner room door open or  Close door tightly

not properly closed

Damage to RF shielding Check and fix by MR system

in wall, window or door of
scanner room

manufacturer or shield company

Introduction of RF field Make sure no electrically

into scanner room through  conductive objects, such as electric

waveguide cable or power cord, pass through
the waveguide

Equipment inside MR Turn off and unplug the equipment

scanner room that causes the RF interference

RF: Radio frequency, MR: Magnetic resonace

RF shielding deficiency

To prevent unwanted RF field from entering the MR scanner
room, it is necessary to install RF shielding [Table 1] that covers
the entire room including all walls, ceiling, floor, window, and
door!" [Figure 2a-c]. RF shielding usually consists of copper,
steel, or aluminum panels/sheets.'” The typical shielding
requirement is 100 decibels (dB) attenuation at 100 MHz for
1.5 Tesla (T) and 100 dB attenuation at 150-170 MHz for 3.0 T.

While RF leakage [Table 1] may be caused by a simple oversight
of not closing the scanner room door properly during MR
scanning, it can also be a result of RF shielding impairment. Due
to routine repetitive opening and closing of the scanner room
door, its shielding is prone to damage, especially if it consists
of copper fingers that are prone to wearing-off and physical
damage over time [Figure 2c]. Figure la shows an image with
RF interference artifact caused by impaired door shielding.
The artifact problem was rectified after the MR scanner room
door was found to be the location of RF leakage by a shielding
company and the door shielding was subsequently repaired.
Other potential causes of shield impairment include physical
damage to the screened window and puncturing of wall
shielding, e.g., from improper drilling. Besides, flooding or
water damage may damage the shielding under the floor and
inside the walls, which can also lead to RF leakage.

Figure 3: Photographs of (a) waveguide, (b) electrically filtered
ports, (c) power outlets inside the magnetic resonance scanner
room, and (d) a notch for passing non-metallic tubing.

RF field introduced by electrically conductive objects
passing through waveguide

Waveguide [Table 1] is a device commonly installed in a
MR scanner room to allow the passage of fiber optic cables
and hoses for pneumatic or hydraulic system to the control
room [Figure 3a]. It is, however, not intended for the passage
of electrically conductive objects, such as electrical cable
or power cord, which can introduce unwanted RF field
into the scanner room. For electrical cable or power cord,
RF electrical filtered port/outlet should be used instead
[Figure 3b and c]. In recent years, some newer MRI rooms
are designed with a notch by the side of the scanner room
door [Figure 3d] to allow small non-metallic tubing such
as intravenous lines to conveniently pass through without
resorting to the waveguide that takes more time and effort
to use.
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Figure 4a shows RF interference artifact appeared in a breast
MRI examination. The MR technologists involved in the
examination recognized the image artifact as being related to
RF interference but failed to identify the source. Subsequent
phantom testing by a site MRI physicist revealed that the

Figure 4: (a) A breast image with radiofrequency interference
artifact (yellow arrows) caused by (b) a lamp inside the magnetic
resonance (MR) scanner room with the power cord fed through the
waveguide and connected to a power outlet in the control room.
Phantom testing verified that the (c) artifact (yellow arrows) was
caused by the power cord and (d) the artifact was eliminated after
the power cord was pulled back completely into the MR scanner
room.

artifact was caused by an MR-conditional movable lamp
[Figure 4b] positioned near the scanner table to provide
better lighting for MR-assisted biopsy procedure. The artifact
appeared when the power cord of the lamp was connected
to an outlet in the control room through the waveguide of
the scanner room [Figure 3a], and the problem persisted
even when the lamp was turned off [Figure 4c]. However, the
artifact was eliminated once the power cord was pulled back
completely inside the scanner room [Figure 4d].

In another patient MRI examination, RF interference artifact was
observed in the abdomen images [Figure 5a]. The artifact was
found to stem from an internet cable connecting an anesthesia
machine [Figure 5b] in the scanner room to a computer in the
control room through the waveguide [Figure 3a]. The artifact
problem was resolved by first connecting the internet cable from
the anesthesia machine to an electrically filtered port inside the
MR scanner room [Figure 3b] and then to the computer using
another internet cable plugged into the port on the other side of
the wall in the control room [Figure 5c].

Equipment inside MR scanner room

Equipment inside the MR scanner room, such as patient-
supporting equipment, may also be a source of RF
interference. An example is a case of leg MRI acquired using
an extremity RF coil [Figure 6a]. At first, the MR technologist
thought that the image artifact was caused by the extremity
coil since the artifact was not observed when she switched to
use the scanner body coil for the MRI exam."! However, later
investigation by an MRI physicist discovered that the artifact
was actually caused by a power injector inside the room
[Figure 6b]. Phantom testing showed that the artifact was
present on images obtained by the extremity coil when the
power injector was plugged to an outlet inside the scanner
room, regardless of whether the injector was turned on or

Figure 5: (a) Abdomen magnetic resonance (MR) image with radiofrequency interference artifact
(labeled by yellow arrows) caused by (b) an anesthesia machine in the MR scanner room. External
radiofrequency field was introduced into the MR scanner room through an internet cable connected
to a computer in the control room through the waveguide, leading to the artifact. The artifact problem
was solved by first connecting the internet cable from the anesthesia machine to an electrically filtered
port inside the MR scanner room and then to the computer using another internet cable plugged into
(¢c) the port on the other side of the wall in the control room.
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off. However, the artifact disappeared when the injector was
unplugged from the power outlet. The fact that the artifact
was not observed with the body coil earlier was due to low-
signal sensitivity of the body coil, resulting in the RF artifact
hidden in the background noise.

Besides line/band artifacts, equipment inside the MR scanner
room may generate very broadband noise that increases image
background noise, leading to lower SNR and lower image
quality.” In an investigation of poor image quality problem
in an MRI system, it was found that an anesthesia machine
positioned near the magnet was the cause of the problem.
Phantom testing showed image SNR reduced from 64.4 to
32.9 when the anesthesia machine was plugged into an outlet
inside the MR scanner room and turned on [Figure 7a and b].

UNRELATED MRI ARTIFACTS THAT RESEMBLE
RF INTERFERENCE ARTIFACT

There are MRI artifacts that may resemble RF interference
artifact but are actually not related to it, and there are traits

Figure 6: (a) Radiofrequency interference artifact (labeled by yellow
arrows) on a leg magnetic resonance (MR) image caused by (b) a
power injector inside the MR scan room.

Anesthesia machine turned off & unplugged
Image SNR = 66.4

Anesthesia machine plugged in & turned on
Image SNR = 32.9

Figure 7: Phantom testing showed (a) image signal-to-noise ratio
was lower when an anesthesia machine positioned near the magnet
was plugged into a wall outlet inside the magnetic resonance
scanner room and turned on compared to (b) image signal-to-noise
ratio after the anesthesia machine was turned off and unplugged.

that can separate them from RF interference. It is important
for MRI personnel to have a good basic knowledge of these
artifacts to be able to promptly distinguish them from RF
interference artifact to effectively handle the artifact problem.

Spike artifact

Spike artifact, also called Herringbone artifact, crisscross
artifact, or corduroy artifact, originates from electrical charge
interference and appears as parallel bright and dark straight
lines across the entire image [Figure 8]."*47 It can be caused
by a discharge of static electricity in the receiver, which may
be a result of low humidity, or there may be defective or
loose components in the RF circuitry. Besides, magnetic field
gradients [Table 1] may also produce spikes, especially when

Figure 8: Head magnetic resonance image showing
spike artifact (labeled by yellow arrows) across the whole
image.
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Figure 9: Leg magnetic resonance image with
pulsation blood flow artifact (labeled by yellow
arrows). Note the artifacts are in line with the
blood vessels in the phase encoding direction.
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Figure 10: Free induction decay artifact
(labeled by yellow arrows) in the subcutaneous
fat on top of the head fast-spin-echo magnetic
resonance image.

applied at a very high-duty cycle. Unlike the RF artifact, the
lines of the artifact can be in an orthogonal direction or at an
oblique angle, with the orientation and separation of the lines
depending on the position of the spike in the k-space data.
Another difference from RF interference is that spike artifact
is usually sporadic and limits to one or two images in a series
while RF interference artifact tends to appear in all images
within a series."”

Motion artifact

Body tissue motion or fluid flow during an MR scan can
produce image artifacts that manifest along the phase-
encoding direction and extend over the entire image
[Figure 9].'">'2 Motion artifacts may stem from blood vessel
pulsations, respiratory/cardiac motion, swallowing, and
physical movement of the patient. Random motion such as
patient movement tends to produce artifact that has a smear
appearance while periodic motion, such as cardiac/vascular
pulsation or respiratory motion, typically produces artifacts
that are more discrete. Motion artifact may be identified and
distinguished from RF interference artifact by observing
that the artifact is in line with the moving tissues or flowing
vessels in the phase-encoding direction [Figure 9].

Free induction decay artifact

Free induction decay (FID) [Table 1] artifact appears as an
intensity ripple, as seen in the subcutaneous fat at the top
of the head in this 3D fast spin-echo (FSE) [Table 1] image
[Figure 10]. This artifact is caused by the formation of FID
signal from non-180° refocusing RF pulses [Table 1] that
are typically used in 3D FSE sequences.®) The FID signal
creates an image containing only the edges of tissues with
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short longitudinal-relaxation time (T1) [Table 1] (such as
fatty tissues), and this image super-imposes on the original
image leading to the FID artifact. Unlike the RF interference
artifact, spike artifact, and motion artifact, FID artifact is
restricted to the affected tissues and does not extend into the
surrounding image background.

IDENTIFICATION AND REMOVAL OF RF
INTERFERENCE ARTIFACTS

To eliminate RF interference artifact, the RF field source
must be correctly identified and removed. First, the artifact
should be confirmed to be indeed caused by RF interference
and not one that mimics RF interference artifact. Once that is
done, we can look for the interference source. The first thing
to check is whether the magnet room door is tightly closed as
opened door is a common cause of RF leakage that is simple
to fix. Another quick visual check is to see whether there is
any electrically conductive cable or wire passing through
the waveguide to outside the magnet room. If so, it should
be removed or pulled back completely into the MR scanner
room.

Next search for the interference source would be to check
whether there is any equipment plugged into the power outlet
and/or turned on. If so, turn off and unplug the equipment
to see if the artifact problem is resolved, keeping in mind
that turning off the equipment alone may not be sufficient to
remove RF interference.

A common practice to deal with RF interference artifact
is to contact the MR system manufacturer or RF shield
company right away, but this causes delay in patient scanning
and disruption in system usage. Besides, RF shielding test
conducted by a shield company is generally expensive. With
the exception of complicated cases such as RF shield damage,
it is desirable to have the RF interference problem identified
and rectified by the MRI facility personnel. This can alleviate
the above issues and may also avoid unnecessary changes
in the imaging procedure due to misidentification of the
image artifact origin, e.g., switching from the extremity coil
to the scanner body coil as mentioned in the power injector
example that may lead to sub-optimal acquisition setting and
inferior image quality.

Besides effective handling of RF interference problems
when they occur, it is also important to periodically check
and maintain the RF shielding to reduce the chance the
problems occur. The American College of Radiology (ACR)
weekly MRI test includes visual checking of the RF shielding
integrity in the door contact and window screen.' Moreover,
the door RF shield contact should be cleaned regularly, e.g.
using denatured alcohol, to reduce rust and dust built-up
and ensure good electrical contact. In addition, ACR weekly
test includes checking the phantom images for ghosting
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that may reveal potential RF interference artifact. Uniform
phantom testing is generally more sensitive in detecting RF
interference artifact than in vivo imaging as the artifact in
the latter may be obscured by biological structures and other
artifacts such as blood pulsation artifact.

Recently, there have been researches to eliminate
electromagnetic inference in MRIL.">%# They generally utilize
electromagnetic interference sensors to predict and cancel
the RF interference detected by the MRI system. These
developments are mainly targeted toward point-of-care very
low-field MRI systems without effective RF shielding, though
a newly published study includes the implementation on a
1.5 T system with incomplete RF shielding.®! Since these
developments are not available on common clinical MRI
systems, they are beyond the scope of this article.

CONCLUSION

While there have been publications on MR image artifacts,
this article aims to provide more focused and in-depth
review of RF interference and its associated image artifacts
in MRI. The information should facilitate prompt and correct
identification of RF interference artifact and enable efficient
handling of RF interference problems, avoiding unnecessary
cancellation or delay in patient scanning and minimizing the
associated adverse effect to image quality and interpretation.
This article should serve as a useful educational reference to
MR technologists and radiologists in dealing with MR image
artifacts that may be caused by RF interference.
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