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MRI enables accurate diagnosis and follow-up in uveal
melanoma patients after vitrectomy

Myriam G. Jaarsma-Coes®”, Teresa A. Goncalves Ferreira®,

Guido R. van Harenb, Marina Marinkovic® and Jan-Willem M. Beenakker®®

Uveal melanoma (UM), the most common primary
intraocular tumour, is often complicated by exudative retinal
detachment (RD). Sometimes, this exudative RD is mistaken
for a rhegmatogenous detachment and is subsequently
treated with vitrectomy with silicone oil (SiOil) tamponade.
As SiOil prevents ultrasound imaging, the diagnosis,
treatment planning and/or follow-up of UM underlying the
detachment are often severely hindered by the SiOil. We
aim to develop and evaluate new MRI methods to image
UM patients with a SiOil tamponade and evaluate this in
vivo. A dedicated MRI protocol for 3 and 7 T was developed
and subsequently evaluated in three patients. The MRI
protocol developed was evaluated in three patients. In the
first patient, SiOil hindered follow-up and therefore MRI
was indicated. No tumour recurrence was found after two
follow-up scans. The second and third patient underwent
vitrectomy with SiOil for assumed rhegmatogenous RD in
another hospital, during which a mass was found. In these
cases, MRI was used to determine whether the lesion was
UM and perform measurements to plan brachytherapy
treatment. In general, the proposed workflow is more

Introduction

Uveal melanoma (UM) is the most common primary
intraocular tumour [1,2]. Exudative retinal detachment
(RD) is a common complication of UM, possibly the
result of a reduced venous return, caused by the tumour,
leading to diffuse choroidal leakage [3]. Exudative RD
can be mistaken for a rhegmatogenous RD, in which
case the RD is treated by vitrectomy, that is, the vitreous
body may be replaced with a silicone oil (SiOil) tampon-
ade. Ultrasound (US), an important imaging modality in
the diagnosis, treatment planning and follow-up of UM
(Fig. 1a), is severely hindered by the SiOil as the sound
waves reflect at the SiOil-water interface (Fig. 1b). As the
lack of an accurate imaging modality makes treatment
planning or adequate follow-up impossible, alternative
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complicated on 7 T than on 3 T as the off-resonance effects
scale linearly with field strength. For example, the shimming
procedure needed modifications at 7 T, whereas at 3 T,

the automatic shimming sufficed. However, at 7 T, higher
resolution images were obtained compared with 3 T (0.6 vs.
0.8mm?®). A dedicated MRI protocol enables high-resolution
imaging of vitrectomized eyes with SiOil tamponade,
enabling treatment planning or follow-up in UM patients.
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imaging options need to be developed to save the eye
and vision of these patients.

MRI, shown in Fig. 1c, is, in principle, not hindered
by the presence of SiOil, and could potentially provide
the imaging data for these patients [4-7]. However, the
strong off-resonance effects of SiOil prevent clinical
interpretation of MRI acquired with conventional proto-
cols (Fig. 1d). We therefore developed and evaluated a
dedicated protocol to image UM patients with SiOil.

Methods

An MRI protocol was developed at 7T (Achieva;
Philips Healthcare, Best, The Netherlands) and subse-
quently translated to 3 T (Ingenia; Philips Healthcare).
Preliminary experiments on the MR characteristics of
the SiOil (RS-OIL ECS 1000cS, AL.CHIL.MIL.A. SRL,
Ponte S. Nicolo, Italy) (Supplementary Information,
Supplemental digital content 1, Z#p://links.lwow.com/MR/
A99) showed a T'1 relaxation time of 0.9 and 1.3s at 3
and 7 T, respectively, with a 4.5 parts-per-million (ppm)
frequency offset from water.

Foroptimal image quality, a surface coil should be used for
MRI of the orbit [5,6,8]. On 7 T, a house build dedicated
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Fig. 1
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(a) Imaging using US reveals UM (grey arrow) and RD (white arrows). (b) MRI allows for a 3D evaluation of the tumour and surrounding structures.
A T2-weighted image on which the tumour appears as a hypointense mass (grey arrow) with adjacent less hypointense RD (white arrows). (c) As
US waves are reflected at the SiOil-water interface, US imaging is not possible in UM patients after vitrectomy, preventing accurate diagnosis or
follow-up. (d) Although MRI should be possible in eyes with a SiOil tamponade, the off-resonance of the SiOil causes the conventional protocols
to fail, resulting in strong artefacts. The MR spectrum of an UM patient with SiOil tamponade, showing the strong 4.5 ppm off-resonance of SiOil
compared with water. The peak at 3.2 ppm is the fat signal from the orbital fat. RD, retinal detachment; SiOll, silicone oil; UM, uveal melanoma;

US, ultrasound.

eye coil [5] was used in combination with the Nova
Medical transmit coil (Nova Medical Inc., Wilmington,
Massachusetts, USA), whereas at 3 T, a 47mm surface
receive coil (Philips Healthcare) in combination with
the body transmit coil was used. As these surface coils
have a very local sensitivity, they mainly receive a signal
from the SiOil, which has a 4.5 ppm offset compared with
water.

"T'his off-resonance of the SiOil severely hinders the auto-
matic calibration procedure of the MRI; thus, a manual
calibration strategy was developed. First, a fast, low reso-
lution, scan of the complete head was performed with the
automatic calibration for an initial determination of the
water resonance frequency, F, and RF-power settings.
Subsequently, the correct settings for imaging the eye are
determined by performing single voxel MR-spectroscopy
(MRS) on the eye as MRS allows for a direct inspection
of the resulting calibration (Fig. 1d). These parameters
are then fixed and used for subsequent scans.

The clinical, 7 T, imaging protocol consisted of
T1-weighted scans with and without SPIR SiOil sup-
pression. As some residual liquid remains in the vitreous,
an inversion-recovery MPRAGE scan ('T-inv: 1280 ms)
with SPIR SiOil suppression was used to supress both
the remaining vitreous liquid and SiOil. The protocol fur-
thermore included a T2-weighted scan with SPIR SiOil
suppression. During contrast administration of 0.1 mmol/
kg gadoterate meglumine (gd-DOTA, DOTAREM;
Guerbet, Roissy CdG Cedex, France), a dynamic con-
trast enhancement scan was performed. Finally, the
T'1-weighted scans with SiOil suppression with and with-
out water suppression were performed after gadolinium.

On 3 T, the imaging protocol consisted of T'1-weighted
and T'2-weighted scans without any suppression and with
SPIR fat suppression. During contrast administration of
0.1 mmol/kg gd-DOTA, a dynamic contrast enhance-
ment scan was performed. Finally, after contrast, the
T'1-weighted scans with fat suppression were performed
again.

The total MRI protocol took less than 50 min. An over-
view of the scan parameters can be found in Table 1.
This protocol was evaluated at 7 T in one patient after
informed consent. Later, two additional patients were
referred from Ophthalmology and scanned on clinical
indication. Ethical approval was obtained to access the
data of these patients. All procedures performed in stud-
ies involving human participants were in accordance
with the ethical standards of the institutional and/or the
national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable eth-
ical standards.

Results

Determination of the correct MR settings did not always
succeed after the first MRS scan. Often, there was still
too large an F  offset to produce good shimming. This
was, however, easily recognized in the resulting spec-
trum, and after manually correcting the initial F , on the
basis of the offset of the first MRS-spectrum, a second
MRS scan produced the correct settings (Fig. 1d inset).

The first patient received a SiOil tamponade after devel-
oping RD after UM resection and brachytherapy and was
scanned at 7 T. As the SiOil prevented US-based meas-
urements needed for adequate screening for tumour
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Table 1 Scanning parameters of the 3T and 7T protocols.
TR (ms) TE (ms) FA (deg.) NSA (n) ETL (n) Resolution (mm)  Scan time (min) Additional information
3T
T1 3D GE 5.1 2.2 10 1 88 0.8/0.8/0.8 3:27
T2 3D GE 2500 311 90 2 117 0.8/0.8/0.8 3:35
T2 MS Fast SE 1774 90 90 2 117 0.4/0.4/2.0 1:47
T1 MS Fast SE SPIR 636 8 90 1 6 0.9/0.9/1.0 2:17
T1 3D GE SPIR 3.4 1.7 10 1 20 1.8/2.0/2.0 4:39 90 dynamics
During contrast 3.1 s/dynamic
T1 3D Fast SE SPIR 350 9.3 90 1 14 1.0/1.0/1.0 3:11 After contrast
T1 MS Fast SE SPIR 764 8 90 1 6 0.5/0.5/2.0 1:16 After contrast
7T
3D T1 GE 4.9 2.5 10 4 500 0.5/0.5/0.5 2:39
3D T1 GE SPIR 6 2.5 10 4 100 0.5/0.5/0.9 3:36
3D T2 Fast SE SPIR 2500 254 90 1 120 0.6/0.6/0.6 2:55
3D T1 GE SPIR 4 2 10 1 101 0.6/0.6/2.0 2:01 20 dynamics
During contrast 6 s/dynamic
3D T1 GE SPIR 6 2.5 10 4 100 0.5/0.5/0.9 3:36 After contrast
3D T1 MPRAGE SPIR 5.6 2.9 9 1 92 0.5/0.5/1.0 2:53 After contrast with additional

H,O suppression

The scanning parameters of the 3 and 7 T protocols are summarized.

ETL, echo train length; Fast SE, fast spin echo; GE, gradient echo; MPRAGE, magnetization-prepared 180° radiofrequency pulses and rapid gradient-echo; MS, multi-

slice; SPIR, spectral presaturation with inversion recovery.

recurrence, an MRI was requested. The MRI showed
multiple lesions in the eye with a maximum basal diam-
eter of 3mm (Fig. 2a—c; Supplementary Figs 2 and 3,
Supplemental digital content 1, /Z#p://links.lww.com/MR/
A99). The lesions located near the RD did not enhance
after contrast administration, whereas the lesion located
at the position of the original tumour did enhance. As this
enhancement could be the result of either new tumour
activity or radiotherapeutic damage, the patient received
a seccond MRI ~6 months later. As the enhancing lesion
did not show any significant changes or growth compared
with the first scan, it was classified as scarred residue or
damage after radiotherapy treatment and thus enuclea-
tion could be avoided.

The second patient was referred after UM was suspected
during vitrectomy for RD. On fundoscopy, the diagnosis
of UM was confirmed and ruthenium plaque brachyther-
apy was considered optimal treatment. MRI obtained
at 3 T showed a slight residual RD and a lesion with a
maximum prominence of 1.5mm (without choroid) and
a basal diameter of 6 mm (Fig. 2¢; Supplementary Fig. 4,
Supplemental digital content 1, Zzp://links.low.com/MR/
A99). On the basis of these measurements, the optimal
ruthenium brachytherapy applicator was selected and
dose calculations for further treatment planning were
performed.

In the third patient, a small mass was discovered during
vitrectomy. On fundoscopy, a UM was suspected. As US
imaging was not possible because of the SiOil, an MRI
was requested to confirm diagnosis and to assess the
tumour dimensions. The images, acquired at 3 T, showed
a slight focal thickening of the inner aspect of the cho-
roid located superior and medial to the optic nerve, which
appears slightly hyperintense (Fig. 2f; Supplementary
Fig. 5, Supplemental digital content 1, Azp://links.lww.
com/MR/A99): because of the small size of the lesion,

it was difficult to differentiate between physiologic
enhancement, caused by the high vascularity of the uvea,
and pathologic enhancement of the tumour. Overall, the
MRI showed a lesion with characteristics corresponding
with UM, which was later confirmed by a biopsy.

Discussion

In 1998, Herrick e7 a/. [9] showed that 1.5 T" MRI can
be used to image the eye after vitrectomy, but at that
time, MRI had insufficient resolution to evaluate UM
characteristics and size. Currently, surface coils [8] and
higher field strengths enable high-resolution imaging,
but both these advances make the MRI more susceptible
to the off-resonance effects of SiOil. We have shown that
through a modified set-up of the MRI, the eyes of vit-
rectomized patients can be evaluated successfully, which
opens the route to eye-preserving therapy.

In general, the proposed workflow is more complicated at
7T than at 3T as the off-resonance effects scale linearly
with field strength. As a result, at 3 T} these patients can
be scanned without major modifications to the scanner
software. Some off-resonance effects are present in the
images (Supplementary Fig. 4A, Supplemental digital
content 1, zztp://links.fow.com/MR/A99), but these do not
limit clinical evaluation as at 7 T, some minor adjust-
ments to the scanner software were needed to scan these
patients. However, at 7 T, higher resolution images were
obtained compared with 3 T (0.6 vs. 0.8mm3). At both
field strengths, eye motion is a problem, but several tech-
niques have been proposed, such as cued blinking [5,10],
that can limit these effects.

As the appearance of UM on MRI is significantly dif-
ferent from that on US, it is often difficult to relate the
US images to the MRI. We therefore recommend that
if a known UM patient develops RD, both an MRI and
US are performed before the vitrectomy to correlate the
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Fig. 2
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(a—c) 7 T MRI of the first patient. (a) Annotated T2 image with spectral presaturation with inversion recovery silicone oil (SiOil) suppression on
the basis of all images of Supplementary Fig. 2 (Supplemental digital content 1, http://links.lww.com/MR/A99). (b) The T1-weighted image after
contrast with SiOil and free-water suppression showed an enhancing lesion (arrow), which did not significantly change after a rescan 6 months
later (c). (d) Precontrast and (e) postcontrast T1-weighted image of the second patient, scanned at 3 T. (f) Dynamic imaging during the contrast
administration allows for an analysis of the perfusion of the different anatomies of the eye. The enhancement curves of muscle, lesion and choroid
show that the lesion enhances, but only slightly more than the normal retinal tissue. RD, retinal detachment.
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MRI after vitrectomy to the US images taken before
vitrectomy.

Conclusion

Although RD is a common complication of UM, the UM
is often missed when these patients present in a periph-
eral hospital. If UM is discovered during the vitrectomy,
the patient is referred to a specialized centre, but the
SiOil tamponade hinders subsequent diagnosis and ther-
apy. We have shown that a dedicated MRI protocol ena-
bles high-resolution imaging of vitrectomized eyes with
UM, enabling eye-preserving treatment and follow-up of
these patients.
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