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Abstract

Purpose: To determine if metal artifact reduction can minimize magnetic susceptibility artifacts in the orbits for
an eye plaque brachytherapy patient with metallic dental braces.

Material and methods: A 62-year-old female patient with a choroidal melanoma in the right eye received a 1.5 T
magnetic resonance imaging (MRI) simulation for 3D eye plaque brachytherapy planning. The protocol included
conventional 3D T;-weighted and 2D T,-weighted MRIs. A vendor-supplied T,-weighted metal artifact reduction
sequence was added to the protocol to reduce magnetic susceptibility artifacts from the metallic dental braces.
The metal artifact reduction sequence combined turbo spin echo acquisitions, high RF excitation and readout band-
widths, and view angle tilting and slice encoding for metal artifact correction with z-shimming to correct in-plane and
through-plane image distortions, respectively.

Results: Dental braces caused significant signal loss and image distortion in the orbits on the conventional
T;-weighted and T,-weighted MRIs, and the MRIs were unusable for treatment planning. The metal artifact reduction
sequence with 13 z-phase encodes minimized distortion and signal loss in the orbits, allowing the tumor to be clearly

delineated.

Conclusions: T,-weighted MRI with metal artifact reduction was successfully applied to minimize artifacts in
the orbits resulting from the dental braces, thus allowing the MRIs to be used in 3D brachytherapy treatment planning.
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Purpose

Episcleral eye plaque brachytherapy is an effective
treatment for ocular melanomas that avoids removal of
the affected eye [1,2]. The treatment involves suturing
a radioactive plaque to the sclera adjacent to the tumor.
The plaque remains in place until the desired dose is ad-
ministered. Radionuclides may include gamma emitters
1251, 103pq, 192y, and beta emitters '%°Ru and %°Sr [3,4,5,6].

Fundoscopy and ultrasonography are the current
imaging standards for assessing the dimensions of in-
traocular melanomas for eye plaque brachytherapy [7].
3D treatment planning based on computed tomography
(CT) was demonstrated for episcleral plaque brachythera-
py, but tumor delineation was unsatisfactory due to poor
soft tissue contrast [8].

At our institution, eye plaque patients typically re-
ceive fundoscopy, ultrasound, and magnetic resonance
imaging (MRI) for brachytherapy treatment planning [9].
MRI has superior soft tissue contrast to CT and is non-
ionizing. T;-weighted (T1IW) and T,-weighted (T2W) (MRI)

were shown to provide excellent spatial delineation of
the tumor [10,11,12]. The TIW MRIs have excellent con-
trast between the tumor (bright) and the vitreous humor
(dark), but cannot distinguish between retinal detach-
ment (if present) and the tumor. On T2W MR, the tumor
appears hypointense compared to the vitreous humor
and retinal detachment (if present).

Orthodontic appliances typically contain stainless
steel and titanium that may produce severe magnetic
susceptibility artifacts in the head and neck, and degrade
the diagnostic quality of the MRI exam [13,14]. Tempo-
rary removal of orthodontic devices is frequently justi-
fied to minimize susceptibility artifacts when diagnostic
MRISs are required [15]. Obviously, it is far preferable to
leave the orthodontic devices intact if the MRI can be
successfully performed with minimal artifacts. This case
report describes the use of a metal artifact reduction MRI
pulse sequence to reduce magnetic susceptibility artifacts
related to dental braces in an eye plaque brachytherapy
patient.
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Material and methods

A 62-year-old female patient presented with a slowly
growing eye tumor consistent with a right choroidal me-
lanoma. She was scheduled to receive definitive therapy
with eye plaque brachytherapy and received an MRI sim-
ulation for treatment planning. The MRI was performed
using a Philips Ingenia 1.5 Tesla MRI scanner (Philips
Healthcare, The Netherlands). The patient was placed su-
pine in a 15 channel phased array head coil. At isocenter,
the patient was instructed to stare at a decal that is locat-
ed on the top of the bore and to minimize blinking.

The nominal MRI protocol for our eye plaque patients
includes the following pulse sequences: 1) three-plane
TIW scouts; 2) 2D T2W turbo spin echo (TSE) MRI; and
3) 3D T1IW MRIL The pulse sequence parameters are sum-
marized in Table 1. The structural sequences are acquired
in the axial orientation with the phase encode in the
right/left direction to prevent flow artifacts from appear-
ing in the orbits. Intravenous MRI contrast is not used in
these studies.

MRI safety screening identified that the patient had
dental braces with metal and was claustrophobic. Den-
tal braces are generally considered safe for nominal MRI
field strengths. However, we limit the specific absorption
rate to < 2.5 W/kg to minimize the risk of radiofrequency
heating. The patient was coached to immediately use the
squeeze bulb to alert the technologist in case of experienc-
ing unusual heating or other adverse events.

The braces produced magnetic susceptibility artifacts
observed as dramatic signal loss in the anterior portion
of the head on the T1W scout images and image geome-
tric distortion in the orbit area on T2W. The patient was
withdrawn from the bore with the intention to abort the
exam. The MRI technologist contacted the MRI physicist
and physician to determine the best course of action.

In an effort to salvage the exam and obtain satisfacto-
ry MRI planning information for brachytherapy, the team
decided to rescan the patient using Philips” multislice 2D
orthopedic metal artifact reduction (O-MAR) research
sequence. The O-MAR sequence combines TSE acquisi-
tions, high RF excitation, and readout bandwidths as well

Table 1. Pulse sequence parameters

as view angle tilting (VAT) and slice encoding for metal
artifact correction (SEMAC) with z-shimming to correct
in-plane and through-plane image distortions, respective-
ly [16,17]. The SEMAC strength can be adjusted as weak,
medium, and strong corresponding to specific frequency
ranges per slice (z-phase encodes) of + 5 kHz (7), £+ 10 kHz
(13), and + 15 kHz (21), respectively. The acquisition time
increases with the number of z-phase encodes, so it is ad-
visable to use the weakest setting that corrects the artifact.
We routinely use the weak SEMAC setting for cervical
cancer patients with titanium tandems that would other-
wise produce susceptibility artifacts with millimeter di-
mensions using conventional sequences [18]. The O-MAR
sequence can currently be run with 4 contrast options:
1) TIW; 2) T2W; 3) proton density weighting (PDW); and
4) short TI inversion recovery (STIR).

The Philips O-MAR product sequence (version 5.2 and
later) is FDA approved. For this study, our Philips MRI
used an earlier software version (version 5.1.7), and the
O-MAR pulse sequence was run as a software patch. Our
Institutional Review Board allowed us to use the O-MAR
research sequence for clinical use without requiring in-
formed consent, due to the clinical benefit/risk ratio and
the similarity between the research and product sequences.

The O-MAR software patch was installed by running
a program that updates the pulse sequence. The patient
was returned to isocenter, and an additional set of scouts
and conventional 3D T1W images were acquired. We
also acquired T2ZW O-MAR MRIs (Table 1). We selected
the medium SEMAC setting (13 z-phase encodes) due
to the severity of the artifact and in the interest of time.
The patient was claustrophobic and wanted to end the
exam, therefore no further sequences (e.g., TIW with
O-MAR) or pulse sequence parameter options (e.g., in-
creasing the receiver bandwidth) were completed.

The MRIs were imported into an Eclipse Brachyvision
treatment planning system (Varian Medical Systems,
Palo Alto, CA, USA), and used to construct a 3D treat-
ment plan as briefly described herein. The details of our
MRI-based eye plaque brachytherapy methodology were
recently published [9].

Parameter T1W Scout 3D T1IW 2D T2W 2D T2W with SEMAC*
TE/TR (ms) 5/15 5/25 120/7924 100/4099

No. of slices 5 42 33 41

Slice thickness/gap (mm) 10/10 1.2/0 1.5/0.2 2/0

Flip angle 20° 30° 90° 90°
Acquired and reconstructed 2.38 x 1.00 1.22 x 1.18 1.17 x 0.98 1.22 x 0.99

voxel sizes (mm) 0.94 x 0.94 0.94 x 0.94 0.44 x 0.44 0.97 x 0.97
Receiver BW (Hz/Pixel) 187 109 139 932

No. of averages 1 1 3 1
Acquisition time (s) 18 152 293 406

*SEMAC used 13 z-phase encodes
SEMAC — slice encoding for metal artifact correction
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The tumor and critical structures (e.g., lens, macula,
and optic nerve) were contoured. The treatment plan was
designed to provide one fraction of 85 Gy delivered over
96 hours from Collaborative Ocular Melanoma Study
(COMS) eye plaques loaded with 121 seeds. The plaque
dosimetry used a TG-43 based homogenous dose calcu-
lation [19]. The seed groups were based on TG-129 seed
center coordinates [20].

Results

The TIW MRIs without metal artifact reduction are
shown in Figure 1. There is severe signal degradation in
the orbits. The T2W MRIs with and without SEMAC are
shown in Figure 2. O-MAR minimized the susceptibility

artifact in the region of the tumor for the T2ZW MRIs (Fig-
ure 2). The dimensions of the eyes were 20-30% longer
in the anterior/posterior (readout) direction for the T2W
images without O-MAR versus with O-MAR. The specific
absorption rate for the T2W sequences with and without
O-MAR were 0.3 and 0.2 W/kg, respectively. The patient
experienced no unusual heating during the MRI exam.
The MRIs with O-MAR were used to create a 3D mod-
el (Figure 3 and Table 2), which was necessary due to the
irregular shape of the target volume and its proximity to
critical structures (e.g., lens, optic disk, and fovea). On
fundoscopy, the tumor was measured to be 7.9 x 8.7 mm
with an apical height of 3.34 mm. On ultrasound, the tu-
mor was measured to be 7.96 x 8.72 mm with an apical
height of 3.29 mm. The tumor dimension was measured

Fig. 1. Conventional TIW 2D scout (A, B) and 3D structural (C, D) magnetic resonance images (MRIs) showing signal loss in the
anterior portion of the head from dental braces. A) Sagittal scout. B) Axial scout. C) Axial 3D T1W MRI of orbits in slice contain-

ing the tumor. D) Slice through maxillary sinuses 16 mm inferior of the tumor. Images were windowed to display the artifacts
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Fig. 2. A) Conventional axial T2W magnetic resonance image (MRI) of the orbits showing the geometric distortion associated with
magnetic susceptibility and motion artifacts. B) Axial T2W with O-MAR. The tumor is indicated by the arrow. The conventional
T2W images appear grainier than the O-MAR images due to the former’s smaller reconstruction pixel size and slice thickness
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Fig. 3. Magnetic resonance imaging-based 3D treatment plan for patient’s eye plaque brachytherapy using T2W O-MAR images

Table 2. Total dose based on 3D treatment plan and 96 hour exposure

Reference point x [em]* y [em]* z [em]* Total dose (cGy)
RX height, AP -3.43 -0.03 8.21 8615.6
Tumor apex, AP —3.38 -0.11 8.19 10827.7
Max. basal, AP -3.19 -0.37 8.12 27580.3
Lens, AP -3.90 0.89 9.03 1098.9
Fovea, AP -3.69 0.32 7.37 2848.6
Optic disc, AP -3.40 0.18 7.47 4979.9

*IEC 61217 coordinate system
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in MRI to be 7.9 x 9.1 x 4.1 mm with a maximal dimen-
sion of 9.4 mm. The posterior tumor edge to the fovea
and disk were 6 and 4 mm, respectively. The prescription
(RX) height was 4.3 mm.

The patient received a COMS 14 mm plaque (unno-
tched) containing 13 seeds with 3.84 U/seed (3.02 mCi/
seed). The treatment time was 95 hours and 12 minutes.

Discussion

MRI metal artifact reduction was previously used to
reduce the effects of metallic dental implants in MRI and
PET/MRI [21,22]. This is the first published report of
metal artifact reduction to suppress MRI artifacts result-
ing from dental braces. Unfortunately, we were unable
to evaluate the TIW O-MAR sequence or try other pulse
sequence settings due to the inability of the patient to re-
main in the MRI because of her claustrophobia.

Previously, there were few options for minimizing
artifacts from dental braces. Increasing the receiver band-
width (readout gradient amplitude) could significantly
decrease the image distortion observed in the conven-
tional T2W images near the orbits albeit at the cost of
decreased signal-to-noise and contrast-to-noise ratios.
However, increasing the receiver bandwidth on the con-
ventional TIW MRIs would not have adequately correct-
ed the artifacts and signal loss.

In this patient, the medium SEMAC setting was sat-
isfactory for imaging the orbits in the presence of den-
tal braces. Assuming no signal averaging and an equiv-
alent number of slices, the medium SEMAC T2W MRIs
required a roughly three times longer acquisition time
than the conventional T2W MRIs. Hence, the acquisition
time was a major disadvantage of the O-MAR method.
However, MRI acquisitions of seven minutes are routine
for imaging the whole brain (e.g., 3D TIW MRIs). In ad-
dition, accelerated O-MAR acquisitions were recently
demonstrated using compressed sensing to significantly
reduce the acquisition time [23].

The strong SEMAC setting (with 21 z-phase encodes)
may be useful for more severe artifacts or imaging vol-
umes that are closer to the source of the artifact. How-
ever, the strong setting increases the acquisition time by
~ 60% relative to the medium SEMAC setting. Alterna-
tively, O-MAR with the weak SEMAC setting may be
useful for volumes of interest near metals that produce
mild susceptibility artifacts e.g., the eye after implanta-
tion of the metal eye plaque.

Without the metal artifact reduction, the MRIs would
not have been satisfactory to generate a 3D treatment
plan. Instead, the treatment plan would have relied on
either a 2D model based on fundoscopy and ultrasound
imaging [24] or a 3D plan based on CT images. Therefore,
the advantages of O-MAR in facilitating an MRI-based
3D treatment plan for this patient outweighed the disad-
vantage of increased acquisition time.

Conclusions

In conclusion, O-MAR was demonstrated to provide
excellent reduction of susceptibility artifacts and geomet-

ric distortion in T2W MRI of the orbits caused by dental
braces. The MRIs with metal artifact reduction had suf-
ficient quality to be used in the patient’s brachytherapy
treatment planning whereas the conventional MRIs were
unusable. Therefore, temporary removal of the dental
braces was avoided by using O-MAR.

Disclosure

Mo Kadbi is an employee of Philips Healthcare, which
supplied the O-MAR pulse sequence used in this case re-
port. There are no other conflicts of interest.
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