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1.1 HISTORY OF OCULAR IMAGING

While the eyelid and anterior part of the eye are easily accessible to physical examination, 
the inside and posterior part of the eye, as well as the retrobulbar structures are inaccessible 
to clinical observation.
In 1847, Charles Babbage, an English mathematician, developed an instrument thought 
to resemble an ophthalmoscope, but it was in 1851 that the ophthalmoscope was invented 
by Hermann von Helmholtz, a German physician and physicist. This revolutionized the 
field of ophthalmology, as it made feasible the examination of the inside of the eye. Intra-
ocular masses, the retina and retinal vessels, and the optic disc could then be evaluated. The 
possibility of visualizing the retinal vasculature is unique in the human body, and has the 
advantage that it can reveal impending systemic or cerebrovascular disease [1,2]. Likewise, 
the retina and optic disc are the only portions of the central nervous system we can observe 
noninvasively. 
In 1895, Wilhelm Conrad Roentgen, a German mechanical engineer and physicist, invented 
X-ray roentgenography, which was grasped immediately by the medical community. However, 
the first real uses of X-ray by the ophthalmic community were only in 1912 [3]. 
In 1956, Ian Donald, an English obstetrician, together with engineer Tom Brown, invented 
ultrasound (US), and in that same year the first application of diagnostic ultrasound in the 
eye was reported [4].
In 1971 magnetic resonance imaging (MRI) was invented by an American chemist, Paul 
Lauterbur. A year later, in 1972 computer tomography (CT) was invented by Godfrey 
Hounsfield, an English engineer, and by Allan Cormack, a South Africa-born physicist 
working in Massachusetts. Ophthalmologists soon got interested in CT and MRI, with the 
first articles where CT and MR images of the orbit were published in 1977 [5] and 1983 [6], 
respectively.
Since the development of US, CT and MRI, improvements in these techniques have led to 
important progress in ophthalmologic imaging [7,8]. 

1.2 PERSONAL BACKGROUND

Before the start of this research project, CT and MRI were already widely used to evaluate 
the orbit, CT being the first line in trauma and infection, MRI being preferred for orbital 
masses. However, the MRI protocol consisted only of anatomical T1 and T2 weighted images 
(WI), and often no distinction between the benign or malignant etiology of an orbital lesion 
was possible. 
Concerning ocular masses, in a way ophthalmologists have been ahead compared with 
other disciplines, being able to assess them well with optical techniques and ultrasound, 
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and therefore for a long time they did not need more complicated, and non-optimized 
MRI. However, before we started our research, retinoblastomas were already being assessed 
with MRI, with high-resolution images obtained with a child under general anesthesia or 
sedated [9]. But in an awake patient, besides the magnetic susceptibility effects at the air-bone 
interface, eye motion is also a challenge [10], and before this current research project, due 
to non-optimized protocols, uveal melanoma was seldom evaluated with MRI. Similarly, 
no optimized protocol to evaluate the eyelid was available, and as a result MRI was rarely 
performed to characterize eyelid lesions. 

In 2008 I was invited by Alexandra Borges to give a lecture about MRI of the orbit and eye 
on the Erasmus Course on Magnetic Resonance Imaging which was held in Lisbon. There 
began my passion for the orbit. I started collating orbital pathology. I kept participating in 
several Congresses and Courses giving lectures about the orbit and the eye, mainly concerning 
MRI. All this triggered my interest in the field of orbital research. And agreeing with Juan M. 
Taveras, a Dominican neuroradiologist, who could be considered the father of neuroradiology: 

“We have a responsibility not only to get the best results in a given case but also to advance 
the field, and this requires continuing research”.
In: Taveras J. M.: International neuroradiology symposium on preoperative embolization. 
AJNR. 7 (1986) 926.

1.3 AIMS AND OUTLINE OF THE THESIS

The main aims of the research described in this thesis are first, to implement MRI as a 
diagnostic imaging technique in uveal melanoma (UM), by developing a dedicated eye 
MRI protocol and extensively evaluating the MR imaging characteristics of UM. Second, to 
improve the diagnosis and differential diagnosis on imaging of orbital inflammation. Finally, 
to further develop the dedicated eye MRI protocol into a protocol dedicated for the eyelid 
and assess whether the different eyelid layers are possibly to identify on MRI (as well as CT), 
in order to improve the evaluation of the local extension of an eyelid tumor. This thesis is 
therefore divided in three different parts: the first part regards uveal melanoma, the second 
part orbital inflammation, and the third part the eyelid.

1.4 UVEAL MELANOMA

The first part of this thesis concerns uveal melanoma, the most common primary malignant 
ocular tumor in adults [11-14]. In the past, enucleation was the main treatment, but over 
the last decades various eye- and vision-saving treatments have become available, including 
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episcleral brachytherapy, proton beam radiotherapy and stereotactic radiotherapy [12,13]. 
Despite the significant progress in the management of uveal melanoma its prognosis has only 
slightly improved, 20% of patients dying of metastatic disease within 10 years [15]. 
The ideal imaging technique for the evaluation of UM needs firstly to aid to differentiate UM 
from other intra-ocular lesions. Secondly, it needs to be capable to accurately delineate the 
limits of the tumor and to measure them, since these are the main determinants for the choice 
of the type of treatment, and in case of radiotherapy for the radiotherapy planning. Thirdly, 
noninvasive markers that can predict treatment response and prognosis are needed [13,16] 
in order to adjust the frequency and type of screening according to whether the patient is at 
high or low risk of developing disseminated disease, and because even if a biopsy is performed, 
it may be not representative, due to UM being heterogeneous in terms of chromosomal 
aberrations [17,18]. Finally, it should be able to early assess tumor response to radiotherapy. 
Ultrasound, ultrasound biomicroscopy, fundoscopy, fluorescein angiography, indocyanine 
green angiography and optical coherence tomography are the most frequently used techniques 
to evaluate UM for the diagnosis, pre-treatment planning, and follow-up after radiotherapy 
[13,14]. Based on these techniques, an ophthalmologist specialized in ocular oncology can 
make the diagnosis of UM in 95% of cases, and therefore the diagnosis of UM is generally 
not verified by cytological or histopathological examination, which is unique among cancers. 
However, diagnosis with these conventional ophthalmic imaging modalities is difficult in 
smaller uveal melanomas/melanocytic lesions, in atypical tumors, in lesions behind the iris 
and in case of opacification of the ocular media. Furthermore, US has limitations in pre-
treatment planning of UM and during follow-up, only being able to evaluate dimensional 
changes of the lesion.

Another option for imaging the globe is magnetic resonance imaging, which has been 
challenging because of eye motion and/or magnetic susceptibility effects at the air-bone 
interface [10,19]. However, recent developments on MRI, have made it a promising diagnostic 
imaging modality in ophthalmology, due to its excellent soft tissue contrast and spatial 
resolution, as well as the possibility to generate 3D volumetric and functional images such 
as diffusion weighted-imaging (DWI) and perfusion weighted-imaging (PWI), and MR was 
increasingly being used to evaluate uveal melanoma. Clinical MR protocols were, however, 
not optimized for ocular masses and therefore lacked the quality for accurate assessments. 

Jan-Willem Beenakker is a physicist specialized in ophthalmic MRI, who works both for 
the Ophthalmology and Radiology Departments in LUMC. He developed a new MRI-based 
method at the 7T MRI to quantitatively characterize the full three-dimensional retinal shape, 
which is useful for refractive surgery and will ultimately lead to the development of a new type 
of intra-ocular lens for cataract treatment [20]. This offered new ophthalmologic possibilities, 
such as for the characterization of UM with MRI [21]. As the LUMC is the National Reference 
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Center for UM in The Netherlands, it was logical to start evaluating UM with MRI. At this 
point, as a neuro and head and neck radiologist with a special interest in orbit and eye, I got 
involved, as suggested by Mark van Buchem, and started, together with Jan-Willem Beenakker 
and the ophthalmologists, to develop a dedicated eye MRI protocol to evaluate UM. 

Technical/clinical developments in radiology are not easy. Back in 1975, the remarkable and 
inspiring Italian American neuroradiologist, Giovanni di Chiro stated: 

“Only “innocent” practitioners, however, may delude themselves that the age of easy 
radiographic diagnosis has arrived”. 
In: DI CHIRO G.: Of CAT and other beasts (editorial). AJR. 122 (1975) 659-61.

And indeed, the creation of this dedicated UM MRI protocol would not be easy. 

Our first developments of high-resolution ocular MRI were performed at 7 Tesla (7T) because 
its high-field strength enabled an increased signal-to-noise ratio (SNR) and spatial resolution 
without an increase in acquisition time. Furthermore, this research-orientated 7T MRI 
provided the platform needed to develop new acquisition strategies to resolve eye-specific 
challenges, such as eye-motion and an inhomogeneous magnetic field present in the orbit [21]. 
In a group of UM patients where there were doubts about the conventional US measurements, 
the 3D evaluation of the tumor with 7T MRI had a direct implication on the chosen therapy, 
enabling eye-preserving therapy in 2 of the 10 included patients [12]. This supported our idea 
that MRI would have an important role in the evaluation of UM. Also, from a diagnostic 
point of view, the additional information available via MRI, in terms of location, dimensions 
and local extension, was proving to be very useful for the ophthalmologists. As a result, an 
increasing number of UM patients started receiving an MR, either as part of their clinical 
care or in the context of scientific studies. 

Despite our progressions at ocular MRI at 7T, with often beautiful high-resolution T1 and 
T2-WI achieved and being able to perform dynamic contrast-enhanced perfusion (DCE), 
severe artefacts were sometimes hindering the evaluation of tumor and sclera limits and we 
were not successful to perform clinically valuable DWI of the globe. Moreover, as a clinical 
neuro and head and neck radiologist, I thought we should translate these ocular techniques to 
3 Tesla (3T) MRI, as it would make ocular MRI more accessible to regular clinical care. This 
was the beginning of my research in uveal melanoma resulting in this thesis. In chapter 2.1, 
using our experience on 7T, I developed a dedicated eye 3T MRI protocol for uveal melanoma, 
including both anatomical and functional scans. This protocol would be suitable to evaluate 
not only UM but also other ocular lesions.

Once having a dedicated eye MRI protocol for uveal melanoma, the MRI characteristics 
of UM needed to be evaluated, due to their importance at diagnosis, but also to their 
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clinical implications for treatment planning, and potentially being able to provide 
prognostic information. However, until then, the evaluation of the MR characteristics of 
UM had been scarce, with few original studies addressing it and with no full evaluation of 
UM characteristics with MRI performed, including diffusion and quantifiable perfusion 
parameters. As a result, the added value of MRI was not known in many centers, UM being 
frequently only evaluated with ultrasound. In chapter 2.2 the MRI characteristics of UM were 
comprehensively assessed. This evaluation included not only anatomical parameters, such as 
the origin, configuration, signal intensities on T1- and T2-weighted images (WI), dimensions, 
local extension and presence of retinal detachment, but also functional parameters, such 
as the apparent diffusion coefficient (ADC) and quantifiable perfusion characteristics. 
Furthermore, the clinical parameters related to treatment and/or prognostication, such as 
tumor dimensions, pigmentation and involvement of nearby structures, were compared 
between MRI and conventional ophthalmic techniques, including fundoscopy and US. These 
findings were validated with histopathology when available. Finally, attention was given to 
potential MRI prognostic markers, which would help to identify high-risk UM.

1.5 ORBITAL INFLAMMATION

The second part of this thesis regards orbital inflammation. Scleritis is an inflammation or 
infection of the sclera. It is a rare, often treatable vision-threatening condition. Correctly 
diagnosing scleritis is important given the potential for complications, the frequent association 
with systemic disease, of which scleritis might be the presenting manifestation [22,23], and in 
order not to misdiagnose it as a malignant tumor which can lead to unnecessary enucleations 
[24-26]. Clinical assessment and ultrasonography are the criterion standards in diagnostic 
imaging of this condition, but are often insufficient, with posterior scleritis being one of the 
most underdiagnosed diseases in ophthalmology [27]. Moreover, sonography is of limited 
value in evaluating other intraorbital structures, often involved in the presence of scleritis. 
The use of CT and MRI could potentially improve the diagnostic accuracy of scleritis, but 
studies on the diagnostic value of these imaging techniques on scleritis have been lacking. In 
chapter 3.1, the role of CT and MRI in the diagnosis of scleritis was evaluated, emphasizing 
the array of CT and MR imaging findings in scleritis.

Orbital inflammation can involve different anatomical orbital structures and it can be 
idiopathic or in the context of a specific disease. The diagnosis of orbital inflammation is made 
through combining the radiological findings, laboratory data and characteristics of other 
organ involvement, and if the diagnosis still remains unclear, then tissue characterization is 
needed. Possibly due to the fact that no systematic evaluation of orbital inflammation on CT 
and MRI had been published, imaging findings of orbital inflammation are often mistaken for 
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infection and tumor [28-32] and their underlying inflammatory disease is often overlooked. 
This often delays the adequate treatment and it can lead to unnecessary biopsies/enucleations. 
It was important to improve the diagnosis and treatment of orbital inflammation. In chapter 
3.2 the imaging protocols and characteristics of orbital inflammation were reviewed and a 
systematic approach for the radiological evaluation of these patients was proposed.

1.6 EYELID

The third and final part of this thesis regards the eyelid. Diseases of the eyelid are easily 
accessible to the ophthalmologist, making the diagnosis straightforward or easily determined 
with a biopsy. The treatment planning of eyelid malignancies is based on the tumor-node-
metastasis (TNM) staging system, with the T-staging including determination of tumor 
dimensions, the invasion of eyelid structures such as the tarsal plate and orbital septum, 
and the invasion of nearby structures namely the orbit, globe, lacrimal sac/nasolacrimal 
duct, orbital walls, paranasal sinuses and brain [33-35]. The evaluation of deeper extensions 
in the orbit, globe, orbital walls, paranasal sinuses and brain has already been investigated 
and published. However, normal eyelid MRI anatomy had rarely been published, possibly 
because of being challenging, and therefore it was not known whether the different layers of 
the eyelid were possible to identify. The invasion of the tarsal plate and of the orbital septum 
has however direct clinical implications. On the one hand, in a tumor confined to the eyelid, 
which is treated with local resection and reconstructive surgery [33,36,37], knowledge about 
the presence of tarsal invasion preoperatively can be indispensable in planning surgical 
reconstruction and adequate information cannot be obtained solely by physical examination. 
On the other hand, when orbital invasion is present, an orbital exenteration must be considered 
[37-39]. The visualization of these small anatomical structures in the eyelid, both on MRI 
and CT, is therefore crucial in order to evaluate whether they are invaded by an eyelid tumor, 
not clinically accessible, and needed to be investigated. Strangely, unlike the other head and 
neck tumors, for eyelid malignancies T-staging according to TNM staging system is based 
on clinical evaluation only, which is clearly insufficient. American Joint Committee (AJCC) 
staging system regarding the T-staging already considers CT for evaluating extension inside 
the orbit, nasal cavity, paranasal sinuses and skull base, and MRI for perineural spread. 
Both TNM and AJCC do not consider image for evaluation of tumor extension inside the 
eyelid [34,35]. In chapter 4.1 the normal eyelid anatomy on MRI and CT was evaluated, and 
knowledge gained subsequently applied to the evaluation of the extension of eyelid tumors 
and validated via histopathology.
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ABSTRACT

Uveal Melanoma (UM) is the most common primary malignant ocular tumor. The high 
soft tissue contrast and spatial resolution, and the possibility of generating 3D volumetric 
and functional images, make Magnetic Resonance Imaging (MRI) a valuable diagnostic 
imaging technique in UM. Current clinical MR protocols, however, are not optimized 
for UM and therefore lack the quality for accurate assessments. We therefore developed a 
dedicated protocol at a 3 Tesla MRI, using an eye-coil, consisting of multi-slice 2D sequences, 
different isotropic sequences and diffusion and perfusion weighted images. This protocol was 
evaluated in 9 uveal melanoma patients. The multi-slice 2D sequences had the highest in-plane 
resolution, being the most suited for lesion characterization and local extension evaluation. 
The isotropic 3D Turbo-Spin Echo (TSE) sequences were the most suitable for accurate 
geometric measurements of the tumor and are therefore important for therapy planning. 
Diffusion and perfusion weighted images aid in differentiating benign from malignant lesions 
and provide quantitative measures on tumor hemodynamics and cellularity, which have 
been reported to be effective on predicting and assessing treatment outcome. Overall, this 
dedicated MR protocol provides high quality imaging of UM, which can be used to improve 
its diagnosis, treatment planning and follow-up.
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INTRODUCTION

Uveal melanoma (UM) is the most common primary intraocular malignancy in adults, 
although with an incidence of about 6 cases per million person-years [1,2]. UM arises in 85% 
of cases from the choroid, the remainder originating from the ciliary body or iris.
In the past enucleation was the main treatment, but in the last decade(s) various eye- and 
vision-saving treatments have become available, having the purpose to achieve local tumor 
control, conserving the eye and useful vision. This is of significant benefit to the quality of life 
for many patients. These eye preserving therapies include various forms of radiotherapy, such 
as episcleral brachytherapy, proton beam radiotherapy and stereotactic radiotherapy [3,4]. 
The ideal imaging technique for the evaluation of UM needs to be capable to accurately 
delineate the limits of the tumor, to do accurate measurements and to evaluate the presence 
of extrascleral extension, since these are the main determinants for the choice of the type 
of treatment, and in case of radiotherapy for the radiotherapy planning. Additionally, 
noninvasive markers that can predict treatment response and prognosis are needed [5,6], in 
order to adjust the frequency and type of screening according to whether the patient is at high 
or low risk of developing disseminated disease, and because even if a biopsy is performed, it 
can be not representative, due UM being heterogeneous in terms of chromosomal aberrations 
[7,8]. Finally, it should be able to early assess tumor response to radiotherapy.
UM has traditionally been evaluated with ultrasound, fundoscopy and fluoresceine angiogram 
(FA). Imaging the eye with MRI is a challenge due to eye motion and to the magnetic 
susceptibility effects at the air-bone interface. However, recent developments on MRI, make 
it a promising diagnostic imaging modality in ophthalmology, due to its excellent soft tissue 
contrast and spatial resolution, as well as its possibility to generate functional images such 
as diffusion weighted imaging (DWI) and perfusion weighted imaging (PWI)[5,6,9]. UM is 
therefore more and more being evaluated with MRI[5,6,9-11]. The purpose of our study was 
to optimize the MR imaging technique of the globe and in particular of uveal melanomas.

MATERIAL AND METHODS

This single-center prospective study was carried out according with the Code of Ethics of the 
World Medical Association (Declaration of Helsinki) for experiments involving humans and 
in accordance with recommendations of the local Ethic Committee. Informed Consent was 
obtained from all individual participants. A multiparametric ocular MRI protocol – Study 
Protocol - was prospectively evaluated at a 3T MRI (wide bore Ingenia 3T, Philips Healthcare, 
Best, The Netherlands) on nine consecutive patients with the diagnosis of UM. All patients 
were examined by an ocular oncologist, and the final diagnosis was made on the basis of 
fundoscopic, ultrasonographic and fluorescein angiographic imaging. Seven of the subjects 
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were male, they had a median age of 62 years old (range 31-81) and 89% of the lesions were 
located in the right eye. Table 1 shows the data regarding patients’ sex, age, eye involved, 
American Joint Committee on Cancer (AJCC) tumor class [12], treatment and histology 
results in case of enucleation. 

Table 1. Patients’ data regarding sex, eye involved, treatment, histology in case of enucleation and classification 
according to the AJCC.

Patients Gender Eye Treatment Histology Classification
(AJCC)

1 Female OD PBT T3b

2 Male OD Enucleation Melanoma T2b

3 Male OD Brachytherapy T1a

4 Male OD Brachytherapy T1a

5 Male OS Brachytherapy T2a

6 Female OD Enucleation Melanoma T4b

7 Male OD Brachytherapy T3a

8 Male OD Enucleation Melanoma T4a

9 Male OD Enucleation Melanoma T3a

OD – oculus dexter
OS – oculus sinister
PBT – proton beam therapy
AJCC - American Joint Committee on Cancer

General MRI setup

A 4.7 cm surface receive coil (Philips Healthcare, Best, The Netherlands), in combination 
with the body-coil for transmit, was used to image the eye, in order to maximize the signal-
to-noise (SNR) of the MR-images [13]. A pair of goggles, made from a thermoplastic material 
(Orfit industries, Wijnegem, Belgium), was constructed and covered with Velcro® (Alfatex 
N.V., Deinze, Belgium), the latter permitting the attachment of the local receive coil to the 
goggles (Figure 1). Since the sensitivity of the coil decays as a function of the distance to the 
coil, image quality will depend strongly on the positioning of the coil and this system allows 
a good, easy and reproducible positioning of the eye coil [14]. Although a surface coil results 
in a higher SNR compared to the head coil, the absence of tight support of the head makes 
the scans much more vulnerable to motion. After preliminary experiments using different 
fixation methods, including cushions, sandbags and strapping the subject to the MRI table, 
a radiotherapy head support (MaxSupportTM wide shaped, red variant, 117000 HSSETW, 
Medeo, Schöftland, Switserland), supported by sandbags proved to be the optimal balance 
between stability, patient comfort and ease of use. To mitigate eye-motion related artefacts in 
ocular MRI different methods have been proposed, such as cued blinking approaches [15,16]. 
These methods, however, rely on modifications to the MR-scanner and/or MR-sequences, 
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which are difficult to use in clinical practice. We therefore decided to make no modifications 
to the conventional setup and only ask patients to close their eyes and to try to minimize 
their eye movement. 

MRI sequences

The purpose of our study was to design a MRI protocol optimized for the evaluation of uveal 
melanomas. The requirements for imaging in UM include: 1) origin of the lesion. 2) dome, 
mushroom or lentiform shape. 3) local extension, in particular sclera, extrascleral or the 
ciliary body invasion. 4) solid or necrotic structure. 5) signal intensity on T1 and T2 weighted 
imaging sequences (WI). 6) contrast enhancement. 7) DWI characteristics. 8) PWI with 
evaluation of the Time-Intensity Curve (TIC). 9) dimensions – tumor prominence and largest 
basal tumor diameter (LBD). The tumor prominence is the tumor thickness and the sclera 
thickness was included in our series since in brachytherapy a radioactive source is sutured to 
the episcleral surface overlying the tumor. 10) presence of retinal detachment.
Multiple MR sequences for imaging the eye had been developed previously by imaging 
eyes of healthy volunteers to find the optimal balance between SNR, field-of-view (FOV), 
minimal artefacts and scan-time. These sequences had subsequently been evaluated on four 
UM patients to optimize the scans in terms of tumor contrast. A multiparametric ocular 
MRI protocol - Study Protocol, consisting both of anatomical and functional sequences, 
was then developed and subsequent prospectively evaluated in nine consecutive patients 
with the diagnosis of UM. This Study Protocol is described below and summarized in Table 
2 and Figures 2 and 3. 

Figure 1. A-B. Clinical setup for ocular MRI. 
A - The patients’ head is supported by a radiotherapy head support (black arrowhead) which is stabilized by two 
sandbags (arrowhead). To aid an easy mounting of the eye coil (arrow) a pair of goggles (dashed arrow) is used on 
which the coil can be attached with Velcro.
B – Positioning of the eye coil and of the pair of goggles exemplified on a phantom to better show their relationship 
with respect to the eye.
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Figure 2. 
A–L. Study protocol: Multiple anatomical axial MRI sequences in a patient with an uveal melanoma of the right 
eye (arrow).
A - MS 2 mm T1. B – MS 2 mm enhanced T1 with fat signal suppression. C – MS 2 mm T2. 
D – MS 1 mm T1. E - MS 1 mm T2. 
F – MS 1 mm T1 with fat signal suppression. G - MS 1 mm enhanced T1 with fat signal suppression. 
H – 3D TSE 1 mm T1. I - 3D TSE 1 mm enhanced T1 with fat signal suppression. J - 3D TSE 0.8 mm T2 with fat 
signal suppression. 
K – 3D TFE 0.8 mm T1. L - 3D TFE PROSET 0.8 mm enhanced T1 with fat signal suppression.
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Anatomical MR-sequences

The anatomical sequences of our Study Protocol are shown in Figure 2 and described 
in Table 2. We evaluated two different types of anatomical sequences. On one hand, MS 
multi-slice (MS) sequences with a slice thickness of 2 mm and a high in-plane resolution of 
approximately 0.5 mm were performed, which are mainly important for the evaluation of 
tumor origin and extension. These MS 2 mm sequences, due to their relatively thick slices, 
prevent multiplanar reconstructions being considered 2D sequences. On the other hand, 
isotropic sequences were performed, with an isotropic resolution of approximately 1 mm 
and therefore allowing multiplanar reconstructions, needed for accurate measurements. To 
assess the optimal sequence to acquire a 3D MR-image of the eye three different isotropic 
sequences were tested, namely MS sequences with 1 mm slices, 3D turbo spin-echo (TSE) 
sequences and 3D turbo field-echo (TFE) sequences. While on a 3D-sequence the complete 
volume is acquired simultaneously, on a MS-sequence multiple adjacent thin 2D slices are 
acquired. Furthermore, for the 3D sequences both gradient-echo and spin-echo techniques 
can be used. The gradient-echo sequences allow for a slightly higher resolution per imaging 
time than spin-echo sequences, but spin-echo sequences are less affected by the magnetic 
field inhomogeneities caused by the tissue-air interfaces around the globe. Both the MS 2 mm 
2D and the isotropic sequences included T1-WI and T2-WI sequences, with or without fat 
suppression, and T1-WI sequences after contrast medium administration with fat suppression. 
Although, ideally all different combinations would have been evaluated, only a representative 
subset, listed in Table 2 and Figure 2, was acquired, to limit the total scan time to less than 
45 minutes. 

Figure 3. 
A–E. Study protocol: Functional axial MRI sequences in the same patient as in Figure 2.
A–D - TSE DWI, with b values of 0 s/mm2 (A), 400 s/mm2 (B), 800 s/mm2 (C) and Apparent Diffusion Coefficient 
(ADC) (D). Restricted diffusion in the uveal melanoma (arrow).
E – Dynamic Contrast-Enhanced (DCE) with a good quality, no movement artefacts, showing a wash-out TIC 
pattern.
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Preliminary evaluations in healthy subjects showed a different susceptibility to fold-over 
artefacts for the different scans, resulting on different field-of-views (FOV) for the different 
scans. To ease the planning, however, a single FOV, 80x80x40 mm3, was set for most of the 
3D scans and additional oversampling was added to prevent fold-over. 
As the isotropic 3D sequences allow for retrospective reformatting in all directions they were 
acquired on the axial plane non-angulated. In contrast, the MS 2 mm 2D sequences were 
acquired perpendicular to the main axis of the tumor, to allow for an optimal discrimination 
between the tumor, retina-choroid and sclera. 
Given that the posterior aspect of the globe is surrounded by orbital fat, attention had to be 
given to the water-fat-shift (WFS), since, depending on the direction of the WFS, the displaced 
fat might overlay the sclera/tumor or might lead to overestimating sclera thickness. Especially 
for the MS 2 mm 2D sequences, special care had to be given to the WFS during planning, 
since this scan has a relatively high WFS of 2.3 pixels whose direction depends on the, patient 
specific, angulation of the slice.

Functional MR-sequences

The functional sequences of our Study Protocol, shown in Figure 3 and described in Table 2, 
included DWI and PWI.
The tumor microstructure was assessed through DWI. Our preliminary evaluation on the first 
group of four UM patients showed that a diffusion weighting of b=1000 s/mm², commonly 
used for neuro-imaging, resulted in a too strong attenuation of the signal from the tumor. 
We therefore evaluated two different levels of diffusion weighting, 400 s/mm2 and 800 s/mm2. 
The DWI acquisition was acquired in the same orientation as the MS 2 mm 2D sequences, 
although at a lower resolution, using a non-Echo Planar Imaging (EPI) Turbo Spin Echo (TSE) 
readout, since the EPI readout is too sensitive to B0-inhomogeneities, prevalent in the orbit.
To assess the tumor perfusion, a Dynamic Contrast-Enhanced (DCE) scan was included in 
the protocol, in which multiple images are acquired sequentially before, during and after 
intravenous administration of 0.1 mmol/kg gadoterate meglumine (gd-DOTA, DOTAREM, 
Guerbet, Roissy CdG Cedex, France). To achieve an increased temporal resolution key-hole 
imaging is often implemented [17], in which only the central part of k-space, which encodes 
for most of the contrast of the image, is acquired for all dynamics, and the peripheral k-space 
is only acquired in the first or last dynamic and subsequently used as a reference for all 
dynamics. Although the resulting increase in temporal resolution is certainly beneficial 
to assess inflow of the contrast agent, the sharing of k-space data makes the images very 
susceptible to eye-motion, since a drift in gaze direction between the reference acquisition 
and the other acquisitions, will result in significant motion artefacts in all images. We 
therefore employed the TWIST (Time-resolved angiography With Stochastic Trajectories) 
methodology[18], in which the acquisition of the peripheral k-space is split between adjacent 
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dynamics. As a result, the time difference between the central and peripheral k-space data 
is substantially reduced, resulting in a significant reduction of eye motion-related artefacts.

Evaluation

Images were evaluated by a Neuro and Head and Neck Radiologist with more than 20 years of 
experience and by an Ophthalmic MRI Specialist with 7 years of experience. Image quality, 
contrast and 3D geometrical accuracy were evaluated. The final decision was achieved by 
consensus. 

RESULTS

Despite the challenges of susceptibility artefacts and eye motion when imaging the eye with 
MRI, multiparametric MRI of the eye is feasible, good quality images can be obtained and 
MRI can be used for the evaluation of UM. The clinical diagnosis of UM was confirmed by 
histology on all of the four enucleated cases. Table 3 shows the results of the evaluation of the 
several anatomical sequences of the Study Protocol. The in-plane image quality was evaluated 
for general image quality, contrast, identification of the sclera and of the tumor limits and 
differentiating the tumor from retinal detachment. Furthermore, the 3D sequences were 
evaluated regarding geometrical accuracy and identification of the sclera.
The MS 2 mm 2D sequences were the sequences with the highest in-plane resolution in 
our series (Figure 4). They are therefore most suited to evaluate details such as, normal eye 
anatomy, differentiating the layers of the globe wall and for a better delineation of the tumor 
boundaries. Regarding UM, this is needed for the evaluation of the layer of origin of the 
tumor, important for the differential diagnosis, and for the evaluation of UM extension, in 
particular scleral invasion, extrascleral extension or invasion of the ciliary body. Moreover, 
the MS 2 mm 2D sequences were the most suitable for evaluating the borders and shape of 
the tumor. Even quite flat UM with a prominence of 1-2 mm could be characterized (Figure 4 
D-F). UM arising in small structures such as ciliary body and iris could be visualized well, as 
long as the sequences were planned perpendicular to the main axis of the tumor (Figure 4 G-I). 
Multiplanar reconstructions are needed for evaluating the tumor in different planes, to assess 
tumor geometry, for accurate measurements[9] and also play a role on the assessment of 
sclera/extrascleral extension. Multiplanar reconstructions are not feasible with the MS 2 mm 
2D sequences as the relatively thick slices prevent perpendicular reconstructions. Multiplanar 
reconstructions were possible with all isotropic sequences, but in general we noticed a better 
quality of the multiplanar reconstructions from the 3D sequences when compared to the 
MS 1 mm sequences (Figure 5). The geometrical accuracy from the 3D sequences was very 
good, while the geometrical accuracy from the MS 1 mm sequences ranged sufficient to 
good (Table 3). Due to the relatively large acquisition time differences between subsequent 
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slices in MS sequences, eye motion results in significant deformations, preventing accurate 
measurements (Figure 5B). 3D sequences are less sensitive to eye movement and therefore the 
reconstructions were of good quality, although small ghosting artefacts could be seen due to 
eye-motion (Figures 5D,F). 
Comparison between 3D spin-echo (SE) and 3D gradient-echo (GE) sequences showed that the 
wall of the eye, in particular the outer limit of the sclera, is best identified on the SE sequences, 
while on the GE sequences, the outer limit of the sclera cannot be identified clearly. Contrast 
resolution on the other hand, was higher on the GE sequences, allowing better characterization 
of the tumor structure, in particular of tumor heterogeneity due to necrosis (Figure 6). 
In our protocol the post-contrast T1-weighted scans were acquired with fat suppression, 
allowing for a better visualization of potential extra-scleral extension of the tumor. For pre-
contrast T1 and T2 scans both fat-suppressed and unsuppressed scans were performed and 
have advantages. On one hand, in general pre-contrast T1 without fat suppression and T2 
with fat suppression make infiltration of fat more conspicuous, but in case of UM that will 
also depend on its melanotic content and therefore on its signal intensity on T1 and T2. On 

Table 3. Comparison of the anatomical sequences.

Isotropic sequences 2D sequences 
perpendicular to 
the tumor – MS 
2 mmT2-weighted T1-weighted before contrast

T1-weighted after 
contrast

MS 
TSE

3D 
TSE 
SPIR

MS 
TSE

MS 
TSE 
SPIR

3D 
TSE

3D 
TFE

MS 
TSE 
SPIR

3D 
TSE 
SPIR

3D TFE 
PROSET

MS 
T2

MS 
T1

MS T1 
SPIR 
Gd

In-plane image quality

General image quality ++ + + + +- +- + +- + + + ++

Contrast + ++ +- + +- + ++ + ++ ++ + ++

Outer limit of sclera ++ + + + + - + + - ++ ++ +

Outer limits of tumor +- +- + + +- - ++ + - + + +

Differentiate tumor 
vs RD ++ ++ + ++

3D analysis

Geometrical accuracy

 Good of complete eye 75% 78% 44% 44% 77% 100% 50% 88% 100%

 Small local artefacts 25% 22% 33% 55% 11% 0% 25% 13% 0%

 Not usable 0% 0% 22% 0% 11% 0% 25% 0% 0%

Outer limit of sclera ++ + +- +- + - +- + -

++ very good
+ good
+- sufficient
- insufficient
RD – retinal detachment
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Figure 4. 
A–I. MS 2 mm sequences in three different patients.
A-C - MS 2 mm sagittal T1 (A), enhanced sagittal T1 with fat signal suppression (B) and sagittal T2 (C), in a patient 
with a large choroidal melanoma of the right eye (black arrow), with retinal detachment (arrowhead) associated.
D-F – MS 2 mm axial oblique T1 (D), enhanced axial oblique T1 with fat signal suppression (E) and axial oblique 
T2 (F), in a patient with a small choroidal melanoma of the right eye (dashed arrow).
G-I - MS 2 mm axial T1 (G), enhanced axial T1 with fat signal suppression (H) and axial T2 (I), in a patient with a 
small iris melanoma of the right eye (arrow).
Notice that the MS 2 mm sequences have a high spatial resolution and therefore good for the evaluation of very small 
melanomas (D-F & G-I), even located at the iris.
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Figure 5. 
A–F. MS 1 mm versus 3D sequences in a patient with an uveal melanoma of the right eye.
A-B - MS 1 mm axial T1 (A) and sagittal reconstruction (B).
C-D - 3D TSE 1 mm axial T1 (C) and sagittal reconstruction (D).
E-F - 3D TFE 0.8 mm axial T1 (E) and sagittal reconstruction (F).
Notice the stripes and wall deformation on the 3D reconstructions from the MS 1 mm sequence (B) (arrow), a frequent 
problem encountered when there is eye motion. This effect is not present in the 3D reconstructions from the 3D TSE 
or 3D TFE sequences, although some mild blurring is visible in the 3D TSE reconstruction.

Figure 6. 
A–D. 3D SE versus 3D GE sequences in two different patients.
A-D - 3D TSE 1 mm axial T1 (A), 3D TSE 1 mm enhanced axial T1 with fat signal suppression (B), 3D TFE 0.8 mm 
axial T1 (C) and 3D TFE 0.8 mm enhanced axial T1 with fat signal suppression (D), in a patient with a large uveal 
melanoma of the right eye. On one hand, on the SE sequences the outer limit of the sclera is better visualized (arrow), 
while on the GE sequences the outer limit of the sclera is more difficult to identify. On the other hand, the contrast 
resolution is better on the GE sequences, where a small area of necrosis is seen within the tumor (dashed arrow).
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the other hand, a pre-contrast T1 with fat suppression allows for a better comparison with 
the post-contrast T1, also with fat suppression.
The chemical shift artefact at the sclera-fat interface, originating from the wrong spatial 
encoding of fat protons in the frequency encoding direction, is seen on the sequences without 
fat suppression, being removed with fat suppression (Figure 7). In our protocol, the water fat 
shift artefact was more prominent on the MS sequences, compared to the 3D TSE sequences. 
We noticed, especially on the sequences with fat signal suppression, but also on the MS 1 and 
2 mm T1 and T2 sequences, the presence of a thin layer, located just adjacent to the globe, 
slight hyperintense on T1 and T2, allowing a good identification of the outer limit of the 
sclera (Figure 7), which was very helpful in measurements of tumor dimensions. This layer 
likely corresponds to the Tenon’s space or to a slight layer of fluid outside the globe, and can 

Figure 7. 
A-E – Water fat shift artefact and “extra layer” outside sclera. 3D TSE 1 mm T1 (A), 3D TSE 1mm enhanced T1 
with fat signal suppression (B), 3D TSE 0.8 mm T2 with fat signal suppression (C), MS 1 mm T1 (D) and MS 1 mm 
enhanced T1 with fat signal suppression (E) in the same patient. The water fat shift artefact is prominent on the MS 
sequence (D) (black arrow), seen as a signal void crescent area at the sclera-orbital fat interface, occurring in the 
frequency-encoding direction and therefore behind the sclera. It is important to be acquainted with this artefact not 
to misinterpret it as sclera which would overestimate the sclera thickness. The water fat shift artefact is negligible on 
the 3D TSE sequence (A) and it is not present on the sequences with fat suppression (B, C, E). Notice, especially on 
the sequences with fat signal suppression (B, C, E), but also visible on the MS 1 mm T1 (D), the presence of a thin 
layer slight hyperintense on T1 and T2 (arrows), perhaps corresponding to the Tenon’s space or to a slight layer of 
fluid outside the globe, allowing a good identification of the outer limit of the sclera (dashed arrows).
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also be seen on ultrasound A-scan as a small dip in reflectivity between the tumor and the 
extraocular structures. 
Identifying enhancement of the lesion is crucial in order to differentiate UM from hematoma 
for instance. Because of its melanin content, UM are frequently spontaneously hyperintense 
on T1, making it difficult to be sure it is enhancing just from the visual evaluation of the 
post contrast series. For that the perfusion sequence is diagnostic and we did pre-contrast 
sequences also with fat suppression for an easier comparison.
Although it has been reported that the non EPI TSE DWI is limited by poor SNR relative to 
the acquisition time[6], we found mostly a good quality, with restriction diffusion easy to 
appreciate even in small uveal melanomas (Figure 8). We noticed moreover that the DWI 
sequence with a b value of 400 s/mm2 was not as good as the one with a b value of 800 s/mm2 
and of no additional value.

Figure 8. 
A-H – TSE DWI in two different patients.
A-D - MS 2 mm sagittal oblique T2 (A), TSE DWI saggital obliques with b values of 0 s/mm2 (B), 800 s/mm2 (C) and 
ADC (D). Restricted diffusion easy to appreciate in a small uveal melanoma (dashed arrow).
E-H - MS 2 mm sagittal oblique T2 (E), TSE DWI saggital obliques with b values of 0 s/mm2 (F), 800 s/mm2 (G) and 
ADC (H). Clear restricted diffusion in the tumor (arrow).

The evaluation of the PWI showed mostly a good quality and a wash-out time-intensity curve 
(TIC) pattern. Eye motion and associated misregistration artefacts could compromise the 
evaluation of smaller tumors, but the comparison of the positioning of the region of interest 
(ROI) at the source images with the timepoint at the TIC curve made it possible to recognize 
these misregistration artefacts (Figure 9).
The presence of retinal detachment was easy to appreciate and to differentiate from the UM 
due to lack of enhancement, its typical configuration and attachment at the optic nerve, and 
the absence of restriction diffusion (unless hemorrhagic) (Figure 10).
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After evaluation of the extensive Study Protocol, a shorter Clinical Protocol was designed and 
evaluated in three UM patients. This clinical protocol consisted of MS 2 mm 2D sequences 
and a TSE DWI (b values of 0 and 800 s/mm2) and ADC, acquired perpendicular to the main 
axis of the tumor. It also included isotropic 3D TSE sequences and a DCE sequence, acquired 
on the axial plane non-angulated (Figure 11). The total scan time is 27 minutes. Notice that 
the MS pre-contrast T1 1 mm with fat signal saturation sequence was removed from the 
final protocol. Therefore to continue having the same pre-contrast, as the post-contrast T1 
sequence, which is with fat signal saturation, a 3D TSE T1 with fat signal saturation was added 
to the Clinical Protocol (Table 2).

Figure 9. 
A-E. DCE in two different patients.
A,B – Good DCE in a small tumor, with few movement artefacts and a wash-out TIC pattern.
C-E – DCE in a small uveal melanoma. Although with movement artefacts, these are possible to recognize by 
comparing the positioning of the ROI at the source images with the timepoint at the curve and noticing that the 
outliers in the curve match with ROI’s that due to eye movement are located outside the tumor. Also with a wash-out 
TIC pattern. Notice the intra-ocular lens.
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DISCUSSION

MR imaging of UM can be important for the diagnosis, choice of treatment, radiotherapy 
planning, potentially can predict treatment response and prognosis, and it should be able to 
early assess tumor response to radiotherapy. It is important to have a dedicated MRI protocol 
for the evaluation of uveal melanomas. 

General technical requirements for ocular MRI 

Ocular imaging requires high spatial resolution, high contrast and an adequate signal to noise 
ratio. Image quality will depend on the coil and MRI sequences used and on the presence of 
eye motion artefacts, the latter also related with scan time.
Although a head coil can be used, optimal evaluation of the globe and therefore of UM is 
achieved by use of a surface coil due to the higher resolution and SNR obtained. Surface coils 
are less suitable for evaluating the deeper aspect of the orbit and the remainder of the visual 
pathway. However, visualizing the deeper orbit is not required routinely in the context of 

Figure 10. 
A-I. Retinal detachment in two different patients.
A-E – MS 1 mm axial T1 (A), MS 1 mm axial T2 (B), MS 2 mm enhanced axial oblique T1 with fat signal suppression 
(C), DWI with b values of 0 s/mm2 (D) and 800 s/mm2 (E). Small homogeneous retinal detachment (arrow) located 
adjacent to the tumor, but also posterior and temporal (dashed arrow). It is distinguished from the tumor due to no 
enhancement, no diffusion restriction and a lentiform shape. 
F-I – MS 1 mm axial T1 (F), MS 2 mm axial T2 (G), MS 1 mm enhanced axial T1 with fat signal suppression (H) 
and DWI with b value of 800 s/mm2 (I). Large heterogeneous retinal detachment. One bigger component which 
is better seen on T1 without contrast (black arrow), while on T2 only the retina being seen (black arrowhead) and 
the content being similar to the vitreous. One smaller component better seen on T2 (arrowhead), and due to being 
hemorrhagic hyperintense on T1 and with slight diffusion restriction. 
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Figure 11.
A-K. Clinical protocol with anatomical and functional sequences in a patient with an uveal melanoma of the right 
eye (arrow).
A - MS 2 mm T1. B – MS 2 mm enhanced T1 with fat signal suppression. C – MS 2 mm T2. 
D – 3D TSE 1 mm T1. E - 3D TSE 1 mm T1 with fat signal suppression. F - 3D TSE 1 mm enhanced T1 with fat signal 
suppression. G - 3D TSE 0.8 mm T2 with fat signal suppression. 
H-J – TSE DWI, with b values of 0 (H), 800 (I) and ADC (J). Restricted diffusion in the uveal melanoma (black arrow).
L - DCE with a good quality, few motion artefacts, showing a wash-out TIC pattern.
Notice that on T2 WI the globe wall appears as a hypointense line (dashed arrow) and the different layers cannot be 
separated. On T1 the outer hypointense line corresponds to the sclera (open arrow), while the inner hyperintense layer 
corresponds to both the choroid and retina (black arrowhead). After contrast only the choroid and retina enhance 
(arrowhead). Anteriorly the ciliary body and iris can also be identified. The aqueous humor and vitreous body have 
a signal intensity similar to water. On the contrary, the lens is hypointense on T2 and slightly hyperintense on T1.
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UM, since even extrascleral extension is usually limited to the tissues in close vicinity to the 
globe and can be evaluated with a surface coil. In the current setup a single coil is used to 
receive the MR-signal. The use of a multi-element receive coil would allow for a significant 
reduction on imaging time as the current images have sufficient SNR for acceleration through 
parallel imaging techniques such as GRAPPA (GeneRalized Autocalibrating Partially Parallel 
Acquisition) or SENSE (SENSitivity Encoding) [19,20]. However, at present such a multi-
element coil is not available for clinical 3T MRI. 
The eye has frequent voluntary and involuntary movements, both seriously degrading the 
MR images. Several methods have been described to minimize eye motion during the ocular 
MR examination, including performing the MRI under retrobulbar anesthesia [21,22]. In our 
study, patients were only instructed to keep their eyes closed during scanning and images 
devoid or with few artefacts could be obtained. The longer the sequence the bigger the chance 
of eye motion artefacts and so imaging time should be kept to the minimum needed to 
ensure quality. In our study, with the exception of the dynamic sequence, sequences lasted a 
maximum of 3 minutes and 35 seconds. 
Another challenge of imaging the eye includes the location of the eye close to the air-tissue and 
bone-tissue interfaces and thus dealing with severe magnetic field inhomogeneity inducing 
distortion and signal dropouts. These magnetic susceptibility effects are amplified when using 
gradient echo as opposed to spin echo sequences. We also noticed that, in particular the 
GE sequences are not good for the differentiation of the various layers of the globe wall and 
to identify the outer limit of the sclera and therefore they were removed from the Clinical 
Protocol. 

Anatomical MR imaging of uveal melanoma 

The MRI protocol to evaluate an UM should include conventional sequences such as T1 
and T2-WI sequences with and without a fat suppression and T1-WI sequences with a fat 
suppression technique after contrast medium administration. These are important for lesion 
characterization at diagnosis and in pre-treatment evaluation. To interpret these images the 
radiologist needs to be acquainted with the characteristics of UM on MRI. Moreover, he/she 
should be familiar with the normal aspect of the various eye structures on MRI (Figure 11). 
UM is usually hyperintense on T1, hypointense on T2 and it enhances. It is an uveal based 
lesion, either with a lentiform, a dome or a mushroom-shape. The chemical shift artefact at the 
sclera-fat interface, is due to the different resonance frequency of protons in fat and water and 
results in a spatial displacement of the fat signal in the frequency-encoding direction, while 
the water signal from the sclera remains correctly placed. It is as though the fat image was 
cut out, moved a few pixels, and pasted on the background image. On image it appears as a 
signal void crescent area just adjacent and merging with the sclera. The location of this artefact 
depends on the frequency-encoding direction, usually chosen to be outside and not inside the 
globe because that would interfere with the evaluation of the UM. The radiologist needs to 
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be acquainted with the chemical shift artefact at the sclera-orbital fat not to misinterpret it as 
sclera, which could result in an overestimation of the sclera thickness. The size of the water fat 
shift depends on multiple scan parameters, including frequency encoding gradient strength, 
resolution and magnetic field strength interface and it should be reduced to a minimum. In 
our sequences, we noticed that the water fat shift artefact is usually more prominent on the 
MS than on the 3D sequences. 
Tumor measurements are crucial for choosing adequate treatment, in particular to decide 
between enucleation and an eye preserving therapy. Moreover, tumor measurements are 
important for the planning of the brachytherapy [3], as the plaque size used and the duration 
of treatment depend strongly on the size of the tumor. UM has been traditionally evaluated 
with ultrasound, but US tends to overestimate the tumor size [3,9]. The two important 
measurements that need to be taken are the tumor prominence and the largest basal tumor 
diameter. For accurate measurements the spatial resolution of the sequences should be high 
enough to clearly identify the limits of the tumor, but also the outer limit of sclera, as the sclera 
thickness is also included when assessing the tumor prominence. The tumor prominence 
and the LBD need to be measured perpendicular and parallel to the main axis of the tumor 
respectively. The measurement in one or two standardized planes can lead to considerable error 
in measuring the true tumor height, being the maximum error resulting from measurement 
in one plane as high as 1.41 times the true size [3]. To avoid this problem 3D sequences 
with subsequent reconstructions should be performed. Also three-dimensional data on the 
tumor geometry can be used for a more precise planning of the radiotherapy. In our study 
several isotropic sequences were evaluated, all permitting multiplanar reconstructions. 3D 
reconstructions from the MS 1mm sequences were frequently of suboptimal quality, showing 
stripes and wall deformation in case of motion. On the contrary, the 3D reconstructions of 
both the 3D TSE and 3D TFE sequences were mostly of good quality and less vulnerable 
to geometric distortions resulting from eye motion. Measurements should be preferably 
made on the 3D TSE enhanced T1 with fat signal suppression, since with this sequence 
good multiplanar reconstructions were possible, tumor is good differentiated from retinal 
detachment, the outer limit of the sclera is well identified and no water fat shift artifact is 
present. In case of no retinal detachment the 3D TSE T2 with fat signal suppression could 
also be used.
The evaluation of the extension of an UM, in particular whether extrascleral extension 
is present, is also crucial for treatment planning, since the presence of larger extrascleral 
extension generally implies enucleation. Extrascleral extension is present in 7% of the 
cases [10]. MRI is a valuable method for the assessment of scleral invasion and extrascleral 
extension, and is superior to US. In our study the sequences best suited for that purpose were 
the MS 2 mm 2D sequences, which are acquired perpendicular to the tumor, because they 
were where the tumor limits and the different layers of the globe were best identified. 
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Retinal detachment is seen in 65,5% patients[10] and is regarded as a sign of progression 
of disease. The tumor needs to be differentiated from retinal detachment. This is especially 
important in a bid not to overestimate the maximal basal diameter. Retinal detachment was 
better recognized after contrast because retinal detachment does not enhance and tumors 
do enhance. Others clues for this differentiation were that retinal detachment has a lentiform 
shape and a typical V shape with the vertex at the optic nerve [23]. 

Functional MR imaging of uveal melanoma 

The MRI protocol to evaluate an UM should include functional images, such as diffusion 
weighted imaging (DWI) and perfusion weighted-imaging (PWI), which seem to be useful, 
although few studies have been published in UM [5,6,24,25]. 
DWI helps in distinguishing benign from malignant lesions, which is important in the 
differential diagnosis of UM [26]. It also helps in the differentiation between UM and 
retinal detachment, with UM showing diffusion restriction and with retinal detachment, 
except when hemorrhagic, with no diffusion restriction. Moreover, DWI seems effective 
on the pretreatment prediction of treatment outcome, with low ADC being correlated with 
good response and high ADC with poor response [5]. Finally, in UM treated with proton-
beam therapy, ADC variations precede volume changes and early change in ADC value 1 
month after therapy significantly correlated with tumor regression [5]. Although generally 
EPI techniques are used for DWI, the TSE technique is preferable for the orbit as it is less 
susceptible for the present magnetic field inhomogeneities [27]. Our images showed that this 
non-EPI technique results in good SNR, good contrast and almost no distortion. We achieved 
images where, even for tumors as small as 2 mm, restricted diffusion could be appreciated. 
We found no added value of the DWI images with a b value of 400 s/mm2 and therefore it 
was removed from our Clinical protocol. 
PWI provides data in the wash-in and wash-out contrast kinetics within a lesion. In DCE-
MRI the qualitative evaluation of the time intensity curve (TIC) pattern seems to be a 
complementary investigation in distinguishing benign from malignant lesions. In the study 
from Yuan et al [24], a persistent TIC pattern (type I curve) suggests a benign lesion, a wash-
out TIC pattern (type III curve) mostly suggests malignancy, and a plateau TIC pattern (type 
II curve) occurs both in benign and malignant lesions [24,27]. Additionally, PWI seems to 
give prognostic information, in the study from Kamrava et al, with a significant correlation 
between the ktrans and percent of monossomy 3>33% [6]. Finally, PWI seems to be useful in 
the follow-up of UM treated with episcleral brachytherapy [28]. Most PWI in the orbit and 
globe used a dynamic contrast enhanced technique (DCE) in which serial T1-weighted images 
are acquired before, during and after contrast administration. In our study we also used a 
DCE technique. The challenge of studying the perfusion of a globe lesion is mainly related 
to eye motion with its associated misregistration artefacts, but in our study the DCE images 
were mostly diagnostic. The presence of eye motion is easy to check by looking at the source 
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images from the perfusion sequence. Eye motion could compromise the evaluation of small 
UM, where the ROI drawn in the tumor in order to obtain a time-intensity curve would, due 
to eye motion, fall outside the tumor and in the TIC appear as an outlier. The comparison of 
the positioning of the ROI at the source images with the timepoint at the TIC curve makes it 
possible to recognize these misregistration artefacts, obviating this problem.

Clinical MRI protocol for UM 

The final Clinical Protocol developed includes MS 2 mm 2D sequences for lesion 
characterization and local extension evaluation. Isotropic 3D TSE sequences are also 
performed for accurate geometric measurements of the tumor, being therefore suitable for 
therapy planning. A TSE DWI sequence, with b values of 0 and 800 s/mm2, can be used to 
confirm the malignancy of the lesion and is furthermore proposed to provide an earlier 
biomarker for therapy response. Finally, the contrast enhanced scans allow for proper 
differentiation between tumor and retinal detachment, while the DCE sequence is used to 
assess the tumor hemodynamics.

CONCLUSIONS

By combining a dedicated MRI protocol with a local receive eye-coil, high resolution 
MR-images of UM can be obtained. This multiparametric MR should ideally include 2D 
sequences for the diagnosis and determination of tumor extension, and 3D sequences for 
therapy planning. Furthermore, DWI and PWI sequences could be included to aid differential 
diagnosis, potentially giving prognostic information and important for the follow up after 
radiotherapy.
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ABSTRACT

Purpose: To evaluate the Magnetic Resonance Imaging (MRI) characteristics of uveal 
melanoma (UM), to compare them with fundoscopy and Ultrasound (US) and to validate 
them with histopathology.

Methods: MR-images from 42 UM were compared with US and fundoscopy, and on 14 
enucleated cases with histopathology.

Results: A significant relationship between the signal intensity on T1 and pigmentation 
on histopathology was found (p=0.024). T1-hyperintense UM were always moderately or 
strongly pigmented on histopathology, while T1-hypointense UM were either pigmented or 
non-pigmented. Mean Apparent Diffusion Coefficient (ADC) of the UM was 1.16 ± 0.26 x 10-3 
mm2/s. Two-thirds of the UM had a wash-out and the remaining a plateau perfusion time-
intensity curve (TIC). MRI was limited in evaluating the basal diameter of flat tumors. US 
tends to show larger tumor prominence (0.5mm larger, p=0.008) and largest basal diameter 
(1.4mm larger, p<0.001). MRI was good in diagnosing ciliary body involvement, extrascleral 
extension and optic nerve invasion, but limited on identifying scleral invasion. An increase of 
tumor prominence was associated with lower ADC values (p=0.030) and favored a wash-out 
TIC (p=0.028). An increase of tumor ADC correlated with a plateau TIC (p=0.011). 

Conclusions: The anatomical and functional MRI characteristics of UM were comprehensively 
assessed. Knowing the MRI characteristics of UM is important in order to confirm the 
diagnosis, to differentiate UM from other intra-ocular lesions and because it has implications 
for treatment planning. MRI is a good technique to evaluate UM, being only limited in case 
of flat tumors or on identifying scleral invasion.
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INTRODUCTION

Uveal melanoma (UM) is the most common primary intraocular malignancy in adults[1–4]. 
UM is very different from cutaneous melanoma in terms of survival, genetic profile and in 
the lack of effective therapies to prevent metastatic disease [5–7]. In the past, enucleation 
was the main treatment, but over the last decades, various eye- and vision-saving treatments 
have become available, including episcleral brachytherapy, proton beam radiotherapy, and 
stereotactic radiotherapy [2, 3, 8]. 
Ultrasound (US), fundoscopy, and fluorescein angiography are the most frequently used 
techniques to evaluate UM at the diagnosis, for pre-treatment planning, and for follow-up 
after radiotherapy [3, 4]. However, the diagnosis with these conventional ophthalmic imaging 
modalities is difficult in smaller uveal melanomas/melanocytic lesions, in atypical tumors, 
in lesions behind the iris and in case of opacification of the ocular media. Furthermore, US 
has limitations in pre-treatment planning of UM and during follow-up, being only able to 
evaluate dimensional changes of the lesion. Another option for imaging the globe is Magnetic 
Resonance Imaging (MRI), which has sometimes been challenging because of eye motion and/
or susceptibility artifacts [8–10]. However, recent developments on MRI allow good quality 
images [8]. Moreover, with a high soft tissue contrast and spatial resolution, the possibility 
of generating 3D volumetric and functional images and the possibility of evaluating UM in 
eyes of vitrectomized patients with a SiOil tamponade, MRI seems to be of added value in 
comparison with US [8, 11–13].
In this study, we evaluate the use of MRI in a series of primary UM. Firstly, we will provide 
a complete description of the radiological characteristics of UM, which can aid in using 
MRI to differentiate UM from other intra-ocular lesions, as for UM biopsies are generally 
not performed to confirm the diagnosis. This evaluation will not only include anatomical 
parameters, such as signal intensities on T1- and T2-weighted images (WI), but also include 
functional parameters, such as the Apparent Diffusion Coefficient (ADC) and quantifiable 
perfusion characteristics. Secondly, we will compare clinical parameters related to treatment 
and/or prognostication, such as tumor dimensions, pigmentation and involvement of nearby 
structures, between MRI and conventional ophthalmic techniques, including fundoscopy and 
US. These findings will be validated with histopathology when available. Finally, attention will 
be given to potential MRI prognostic markers, which would help to identify high-risk UM.

METHODS

Forty-two patients with the diagnosis of primary UM were evaluated. The first cohort 
consisted of thirty consecutive patients, who were prospectively evaluated at the Leiden 
University Medical Center (LUMC), as part of a single-institution prospective study, carried 
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out according to the Declaration of Helsinki. Following approval of the protocol by the local 
Medical Ethical Committee (METC P16.186), Informed Consent was obtained from all 
participants. The second group consisted of twelve patients, whose eyes were scanned for a 
clinical reason and that were retrospectively evaluated, with permission from the local Medical 
Ethical Committee. This group included one case treated with ruthenium brachytherapy, four 
cases that received proton beam therapy and seven cases that underwent enucleation. 
All 42 patients were examined by an ocular oncologist, and the final diagnosis was made on 
the basis of fundoscopic, fluorescein angiographic, and ultrasonographic findings, prior to 
the MRI examination. 
The mean age of all subjects was 62 years (range 24-90) and sixty-nine percent were male. 
In 61% of the patients, the lesion was localized in the right eye. The clinical American Joint 
Committee of Cancer T-Stage of the UM was T1 in 29%, T2 in 31%, T3 in 31% and T4 in 9%. 
Regarding treatment, 45% of the cases received ruthenium brachytherapy, 21% proton beam 
therapy and 33% were enucleated. In one patient, the diagnosis was not clear, and, prior to the 
MRI, a biopsy was performed, disclosing a UM. In all 14 patients who underwent enucleation 
histopathology confirmed the clinical diagnosis of UM.
All patients underwent a 3T MRI (wide bore Ingenia 3T, Philips Healthcare, Best, The 
Netherlands), using the ocular protocol that we previously developed [8], with minor 
adjustments: a higher resolution of the 3D TSE T1 sequences, Diffusion Weighted Imaging 
(DWI) with B values only of 0 and 800 s/mm2 and a higher flip angle of the dynamic scan 
(Table 1; Figure 1). 

Table 1. MRI scans’ parameters including both anatomical and functional sequences. The MS and DWI sequences 
are acquired perpendicular to the main axis of the tumor. The 3D TSE and DCE sequences are acquired on the axial 
plane non-angulated. During the DCE scan, intravenous administration of 0.1 mmol/kg gadoterate meglumine (gd-
DOTA, DOTAREM, Guerbet, Roissy CdG Cedex, France) is administered and afterwards the contrast enhanced 
(Gd) scans are acquired.

Purpose Scan name
Voxel size 
(mm3)

Echo 
train 
length

TE(ms)/
TR(ms)/
Flip or ref. 
angle (deg) Fat supr.

Scan 
time 
(mm:ss)

Additional 
parameters

3D
 

m
ea

su
re

m
en

ts 3D TSE T1 0.8x0.8x0.8 20 26/400/90 - 02:07  

3D TSE T1 SPIR 0.8x0.8x0.8 20 26/400/90 SPIR 02:07  

3D TSE T2 SPIR 0.8x0.8x0.8 117 305/2500/35 SPIR 02:58  

3D TSE T1 SPIR Gd 0.8x0.8x0.8 20 26/400/90 SPIR 02:07

Tu
m

or
 

or
ig

in
 &

 
ex

te
ns

io
n MS TSE T1 0.5x0.5x2.0 6 8/718/180 - 01:16  

MS TSE T2 0.4x0.4x2.0 17 90/1331/120 - 01:25  

MS TSE T1 SPIR Gd 0.5x0.5x2.0 6 80/764/180 SPIR 01:16  

Fu
nc

tio
na

l 
sc

an
s DWI (TSE) 1.25x1.4x2.4

single 
shot 50/1555/50 SPIR 01:33 B=0,800 s/mm2

DCE 1.25x1.5x1.5  2.3/4.5/13 Proset 11 04:20 2 sec/dynamic
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Tumor origin (choroid, ciliary body or iris) was assessed on MRI. The presence of a mushroom 
configuration was evaluated on MRI, when histopathology was available it was correlated 
with rupture of Bruch’s membrane. The signal intensity of UM on MRI was assessed and 
it was evaluated whether it reflects UM pigmentation, by comparing it both to fundoscopy 
and histopathology. Tumor signal intensity on T1- and T2-WI was classified as hyper-, iso-, 
or hypointense. When UM were compared to the vitreous on MRI, all were hyperintense 
on T1- and hypointense on T2-WI, showing the vitreous to be an unsuitable reference for 
their signal intensity. Better differentiation of signal intensities was obtained when using 
the signal intensity of the choroid as reference on T1- and of the eye muscles on T2-WI. 
Tumor pigmentation on fundoscopy was categorized as pigmented or non-pigmented. Tumor 
pigmentation on histopathology was classified according to their macroscopic color as seen 
in several cuts through the UM: white - no pigmentation; yellow/grey - slight pigmentation; 

Figure 1. MRI ocular protocol. Uveal melanoma of the left eye (white arrow) with associated retinal detach-
ment (green arrow). ADC of 1.4 x 10-3 mm2/s. Wash-out time intensity curve at DCE.
A - MS T1. B – MS T2. C – MS contrast-enhanced T1 with fat signal suppression.
D - 3D TSE T1. E - 3D TSE T1 with fat signal suppression. F - 3D TSE T2 with fat signal suppression. G – 3D TSE 
contrast-enhanced T1 with fat signal suppression. 
H - ADC. I – Quantitative evaluation of the DCE. Black line – Arrival time (T0) = time-point at which the lesion 
starts to enhance, determined manually. Blue line – corresponds approximately to the Peak time (T1) = first time-
point when the lesion reached 95% of its maximum intensity, determined automatically and corresponding to the 
time-point at which Peak intensity (PI) is calculated. Time to peak (TTP)(s) = T1-T0. Green line – Outflow percentage 
at 2 min (OP2,%) = percentage of signal intensity loss at 2 min compared to the intensity at the Peak time. Notice 
the wash-out time intensity curve. SI – signal intensity at every timepoint. SI0 – signal intensity at timepoint zero. 
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brown - moderate pigmentation; black - strong pigmentation. We compared UM signal 
intensity on T1- and T2-WI and clinical pigmentation as seen on fundoscopy in the group of 
homogeneous or minimally heterogeneous UM (n=36). The six bipartite UM were excluded 
in this evaluation. We furthermore compared UM signal intensity on T1- and T2-WI with 
pigmentation on histopathology in the group of the 14 enucleated eyes. On the four enucleated 
eyes with bipartite UM, both components were separately checked, accounting for a total of 
18 evaluable lesions. For the ADC measurements, one representative region of interest (ROI) 
was drawn by the same neuroradiologist, excluding the tumor edge and potential necrotic 
parts, and one reference ROI was drawn in the vitreous. The tumor perfusion characteristics: 
Arrival time (T0)(s), Time to peak (TTP)(s), Peak intensity (PI), Outflow percentage at 2 
min (OP2,%) and the type of time-intensity curve (TIC) were evaluated in 3D, all results 
corresponding therefore to the average from the whole UM. Additionally, the type of TIC 
was also evaluated in 2D: in homogeneous tumors from a representative 2D image, and in 
bipartite tumors from both tumor components. The type of TIC was classified according 
to Yuan et al as persistent, plateau or wash-out pattern [14]. However, to limit the effect of 
potential eye-movement, the outflow was evaluated at 2 min, instead of the 5 min, being the 
plateau and wash-out patterns defined as a final intensity at 2 min of 95-100% and below 95% 
of the Peak intensity respectively (Figure 1) [14]. Tumor dimensions and tumor extension were 
evaluated on MRI and US and validated with histopathology when available. The presence 
of retinal detachment (RD) was evaluated with MRI and US. Finally, on the enucleated eyes 
the presence of extracellular matrix patterns (defined as three adjacent full loops) and of 
monosomy 3 in the tumor was checked.

RESULTS

Origin and Shape – In 57% of the cases, the UM originated in the choroid, in 38% in either 
the choroid or ciliary body and in 5% (n=2) in the iris. In five patients (12 %) a mushroom 
configuration was seen on MRI. All these five patients have undergone an enucleation and 
Bruch’s membrane rupture was confirmed in all. Histopathology did reveal rupture of Bruch’s 
membrane in three additional melanomas which had not been classified as mushroom 
configuration on MRI. However, retrospectively and mainly with the help of multiplanar 
reconstructions, a mushroom configuration was found on MRI as well. As expected, a 
mushroom configuration was more prevalent in larger tumors (Figure 2).

Signal intensity - Tables 2 and 3 show the comparison between signal intensity on T1- and 
T2-WI and fundoscopy and histopathology respectively. A significant relationship between 
the signal intensity on T1-WI and pigmentation on histopathology was found (Kruskal-Wallis 
test; chi-square=7.45; p=0.024). No significant relationship between the signal intensity on 
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T2-WI and pigmentation on histopathology was found (Kruskal-Wallis test; chi-square=2.03; 
p=0.36), neither between the signal intensity on T1-WI and pigmentation on fundoscopy 
(chi-square test; chi-square=2.22; p=0.33) nor between the signal intensity on T2-WI and 
pigmentation on fundoscopy (chi-square test; chi-square=0.583; p=0.75) (Figure 3). 

DWI - Seven UM were excluded from ADC evaluation, due to unreliable measurement in 
tumors with a prominence less than 2.5 mm, or due to technical problems. The distribution of 
UM ADCs (mean: 1.16 ± 0.26 x 10-3 mm2/s) is shown in Figure 4A. Mean ADC of the vitreous 
was 3.03 ± 0.17 x 10-3 mm2/s. 

Figure 2. MR image of a mushroom configuration, its corresponding histopathological image and the com-
parison of tumor prominence between uveal melanomas with and without a mushroom shape.
A - MRI with sagittal MS TSE T2-WI showing a UM with a mushroom configuration (purple arrow). There is 
invasion of the ciliary body and iris (red arrow). Notice that the iris can be clearly identified (white dashed arrow) 
and that the patient has an intraocular lens.
B – Boxplot to illustrate the relation between the presence of a mushroom configuration and tumor prominence 
(n=42). It is evident that a mushroom configuration is more present in tumors with larger prominences, with five 
patients having a tumor prominence of 12 mm or more.
C-D – Histopathologic examination hematoxylin and eosin stain (H&E). Notice the rupture of the Bruch membrane 
in the region of the neck of the mushroom (black arrow).
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Perfusion Weighted Imaging (PWI) – Five UM were excluded from the 3D evaluation and 
three UM were also excluded from the 2D evaluation, due to eye motion in tumors with a 
prominence of 3.5 mm or less, or due to technical problems. The perfusion quantitative results 
are shown in Figure 4 C-E.

The 3D evaluation showed in 65% of the cases a wash-out TIC and in 35% a plateau TIC. The 
2D evaluation showed in 64% a wash-out TIC, at 28% a plateau TIC and at 8% both a wash-
out and a plateau TIC. In seven patients (19%), the qualitative evaluation of the time-intensity 
curves differed between the 3D and 2D evaluations.

Table 2. Contingency Table comparing the signal intensity of the homogeneous UM on T1- and T2-WI with the 
pigmentation at fundoscopy.

Pigmentation Fundoscopy

TotalYes No

Signal 
Intensity 
T1-WI

Hyperintense 13 1 14 (39%)

Isointense 11 4 15 (42%)

Hypointense 5 2 7 (19%)

Signal 
Intensity 
T2-WI

Hyperintense 22 6 28 (78%)

Isointense 5 1 6 (17%)

Hypointense 2 0 2 (5%)

Total 29 (81%) 7 (19%) 36 (100%)

Table 3. Contingency Table comparing the signal intensity of the UM on T1- and T2-WI with the pigmentation 
at histopathology.

Pigmentation Histopathology

TotalStrong Moderate Slight No

Signal 
Intensity 
T1-WI

Hyperintense 4 3 0 0 7 (39%)

Isointense 2 2 1 5 (28%)

Hypointense 1 1 1 3 6 (33%)

Signal 
Intensity 
T2-WI

Hyperintense 2 4 3 3 12 (67%)

Isointense 2 0 0 1 3 (17%)

Hypointense 1 2 0 0 3 (17%)

Total 5 (28%) 6 (33%) 3 (17%) 4 (22%) 18 (100%)
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Dimensions – A paired t-test of the mean difference showed that both the tumor prominence 
(TP) (measured including the scleral thickness) and tumor largest basal diameter (LBD) were 
significantly higher on US than on MRI (mean TP 6.43 mm and 5.94 mm; SD 3.46 and 3.37; 
p=0.008) (mean LBD 13.70 mm and 12.31 mm; SD 4.38 and 4.03; p<0.001). When compared 
to histopathology, both dimensions were smaller on histopathology than on MRI in 11 out 
of 14 cases, which is to be expected due to shrinkage. There was one case however where the 
LBD was 5 mm larger on histopathology than on MRI. This likely was due to a peripheral flat 
component of the tumor (Figure 5).

Ciliary body involvement - Histopathology and MRI were consistent regarding ciliary body 
involvement: 57% of the enucleated eyes showed ciliary body involvement on MRI as well as 
in histopathology (Figure 2).

Figure 3. Bipartite uveal melanoma with a good correspondence between signal intensity on T1 and pigmen-
tation on histopathology.
A-C – MRI with axials MS TSE T1-WI (A), contrast-enhanced T1-WI with fat signal suppression (B) and T2-WI (C). 
D-F - Histopathologic examination H&E.
Bipartite UM of the right eye, with one component which is hyperintense on T1 and on histopathological 
examination strongly pigmented (pink arrows and E), and a second component which is hypointense on T1 and 
on histopathological examination non-pigmented (orange arrows and F). Notice that on T2 these two different 
components are not differentiated, but a small hyperintense area (blue arrow) is seen corresponding to a cystic 
necrotic area depicted on the histopathological examination. Notice also the presence of both epithelioid and spindle 
cells on the pigmented component (E), while the non-pigmented part only harbours epithelioid cells (F).
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Scleral invasion – Although not seen on MRI in any of the 42 patients, scleral invasion was 
present in the histopathologic sections in 10 of the 14 enucleated eyes (71%). Retrospectively, 
minimal signs of scleral invasion could be observed on MRI in two patients (Figure 6), with 
an irregular inner contour and slight enhancement of the sclera.

Extrascleral extension - MRI depicted extrascleral extension in three patients (7%), which was 
confirmed during surgical placement of tantalum markers (one patient) or on histopathology 
after enucleation (two eyes). In two of these three patients the extrascleral extension was 

Figure 4. ADC and DCE quantitative results.
A – Histogram with ADC results of the UM (n=35).
B – Scatterplot ADC value versus tumor prominence (n=35), showing that larger tumors tend to have lower ADC 
values (r = -0.367; p=0.03).
C - Histogram with Peak intensity results.
D - Histogram with Outflow percentage 2 min results.
E - Histogram with Time to peak results.
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also seen with B-Scan US. Of the other 12 enucleated eyes, one case of extrascleral extension 
was diagnosed on histopathology, which had been missed on MRI: this concerned a small 
anteriorly located lesion (maximal diameter 1.1 mm), which had already been noted clinically 
during slit lamp examination. Retrospectively, it was visible on MRI (Figure 7).

Optic nerve invasion - On MRI, the tumor approached the optic nerve head in fifteen patients 
(36%). Invasion of the postlaminar aspect of the optic nerve was seen in one patient (2%), and 
this was confirmed histopathologically. The invasion had not been visualized with US (Figure 

Figure 5. Comparison of tumor prominence and largest basal diameter by MRI and by US measurement with 
a good correlation found for both dimensions. MRI limitations on measuring the largest basal diameter in 
flat uveal melanomas.
A – Scatterplot tumor prominence US versus MRI. 
B – Scatterplot tumor largest basal diameter US versus MRI. 
C-D. MRI with sagittals MS TSE T1-WI (C) and contrast-enhanced T1-WI with fat signal suppression (D) showing 
different tumor basal diameters taking the peripheral flat tumor components into account or not. On MRI, a basal 
diameter of 9 mm was erroneously measured, while histopathology showed 14 mm. Retrospectively and taking the 
peripheral components of the tumor into account 13 mm were obtained.
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Figure 6. MR and histopathological images of a uveal melanoma with scleral invasion.
A-C – MRI with sagittals MS TSE T1 (A), contrast-enhanced T1-WI with fat signal suppression (B) and T2-WI (C). 
Uveal melanoma (white arrow) with scleral invasion. The scleral invasion (yellow arrow) is seen as sclera enhancement 
and irregularity. Associated retinal detachment (green arrow).
D-E – Histopathologic examination H&E with corresponding findings of scleral invasion (yellow arrow).

Figure 7. MR and grossing images of a uveal melanoma with extrascleral extension.
A-C – MRI with axials MS TSE T1-WI (A), contrast-enhanced T1-WI with fat signal suppression (B) and T2-WI 
(C). Small lentiform-shape UM of the left eye (white arrow), with the extrascleral extension (red arrow) having, 
on all sequences, a signal intensity similar to its intraocular component. Notice the sclera, between the intra and 
extraocular tumor components, with a normal aspect (yellow arrow). 
D – B-scan Ultrasound showing the small UM (white arrow) and also clearly the extrascleral extension (red arrow). 
E – Enucleated eye at grossing with visible scleral and extrascleral extension (red arrow).
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8). In all other patients where histopathology was available (n=13), the non-involvement of 
the optic nerve on MRI was confirmed histopathologically.

Retinal detachment - RD was present in 62% of the UM-containing eyes on MRI, while on 
US it was seen in 38%: a difference of 24%. There were no cases in which US noticed RD that 
was not seen on MRI. RD occurred more frequently in tumors with a large prominence and 
in tumors with a large basal diameter.

Extracellular matrix patterns (loops) and Monosomy 3 - Ten UM (72%) showed loops, while 
three UM (21%) had no loops. In one patient (7%), the presence of loops could not be evaluated. 
All ten tumors with loops had monosomy 3 and all three tumors without loops had disomy 3.

Relation between prognostic markers and functional MRI characteristics - A significant 
correlation between tumor ADC and TP on MRI was found using the Pearson correlation 
coefficient (r = -0.37; p=0.030), with tumors with larger TP tending to have lower ADC values 
(Figure 4B). A significant relation between TIC type and TP on MRI was found using logistic 
regression, showing that an increase of the TP favors a wash-out TIC (OR=1.37, p=0.028). An 
increase of tumor ADC significantly correlated with a plateau TIC using logistic regression 

Figure 8. MR and histopathological images of a uveal melanoma with optic nerve invasion.
A-C – MRI with sagittal MS TSE T1-WI (A) and axials 3D TSE contrast-enhanced T1-WI with fat signal suppression 
(B) and T2-WI with fat signal suppression (C) showing a small lentiform-shape UM of the left eye (white arrow) with 
minimal invasion of the optic nerve (red arrow). 
D-E - Histopathologic examination H&E showing the UM (white arrow) with minimal invasion of the optic nerve 
(red arrow). 
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(OR=0.001, p=0.011). No significant relationship between TIC type and LBD on MRI was 
found using logistic regression (OR=1.23, p=0.055).

UM with loops tended to have a shorter Arrival time, a shorter Time to peak and higher 
Peak intensities. The Outflow percentage at 2 min does not differ much in tumors with or 
without loops (Figure 9). There was however one UM without loops which perfusion values 
were similar to the ones of UM with loops. This concerned a very inflammatory and highly 
vascularized tumor, which probably accounted for its perfusion results. 

Figure 9. Comparison between the presence of loops (extracellular matrix patterns “vascular loops”) in 
histopathology and the perfusion parameters.
A–D. Scatterplots showing the relation between the presence of loops in histopathology and AT (A), TTP (B), PI 
(C) and OP2,% (D). Notice one UM without loops that, probably due its high vascularization, had perfusion values 
similar to the ones of UM with loops (red dots).
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DISCUSSION

Imaging UM with MR requires a dedicated eye protocol consisting of: 2D MS TSE sequences, 
which are indispensable for delineating tumor boundaries; 3D TSE sequences, which allow 
retrospective reformatting in all directions and 3D reconstructions, and are essential to assess 
tumor geometry and accurate measurements; DWI and PWI sequences, which aid in the 
differential diagnosis, and potentially, provide prognostic information, predict treatment 
response and permit earlier assessment of tumor response to radiotherapy than US [3, 8, 11, 
14–18]. 
UM arises in the uveal tract. Ninety percent of the UM were described to arise in the choroid, 
7% in the ciliary body and the remaining in the iris [4]. However, while in small tumors the 
epicenter of the lesion clearly points to the origin of a UM, in larger UM, which involve the 
choroid as well as the ciliary body, it can be difficult to determine the primary site of the 
tumor. Therefore, in our study 38% of UM were classified as choroidal/ciliary body tumors.
In one series with 200 UM, UM were reported to have a dome-shape in 38%, a mushroom-
shape in 36% and a flat-lentiform shape in 27% [19]. It is important to be aware that the 
limits of flat tumors are difficult to determine with both US and MRI. Moreover, the 
radiotherapy planning of UM with complex tumor-shapes, such as some tumors with 
a mushroom configuration, is more difficult and deserves special attention [20]. The 
mushroom configuration is associated with breaks in Bruch’s membrane [11, 21]. Our study 
was consistent, we showed the importance of multiplanar reconstructions with MRI on 
recognizing the mushroom configuration of UM and noticed a mushroom configuration 
mainly in large tumors.
The amount of pigmentation in UM is variable, and although pronounced pigmentation has 
been associated with a less favorable prognosis [19], the accurate prognostic significance of 
pigmentation warrants further analysis [22]. When pigmented, the distribution of melanin 
within the tumor can be either homo- or heterogeneous [11, 19]. When heterogeneous, 
frequently two different tumor components, with a different melanin content, exist and the 
tumor is called bipartite. Fundoscopy can only evaluate the visible superficial ventral part of 
the tumors [11, 19], being not representative in case of heterogeneous UM, and assessment 
of tumor pigmentation maybe difficult in case of retinal detachment. MRI has the advantage 
that it enables assessment of the distribution of the signal intensity within the whole tumor 
[19]. We showed that the signal intensity on T1-WI significantly correlates with tumor 
pigmentation, which is largely consistent with Lemke et al [19]. T1-hyperintense UM were 
always moderately or strongly pigmented on histopathology, while T1-hypointense UM were 
either pigmented or non-pigmented. 
We used a non-EPI DWI TSE technique for the orbit, as it is less susceptible to the present 
magnetic field inhomogeneities [8], and we used a small slice thickness (2.4 mm) in order to 
reduce partial-volume averaging effects to a minimum. In the present study, we found a mean 

166290_Teresa Ferreira_BNW-8.indd   59166290_Teresa Ferreira_BNW-8.indd   59 24-04-2023   16:3124-04-2023   16:31



Chapter 2.2

60

ADC of 1.16 x 10-3 mm2/s, which is consistent with the reports from Foti et al. [3], Kamrava 
et al [15]. and Sepahdari et al. [23]. The study from Erb-Eigner et al. showed a lower mean 
ADC of 0.89 x 10-3 mm2/s[24], due to the larger size of the UM (mean diameter of 14 mm), 
or due to the potential overall lower ADC value of their protocol (mean ADC of the vitreous 
of 2.76 x 10-3 mm2/s) [24].
Dynamic contrast-enhanced MR imaging confirms that the tumor is enhancing. That is 
important in some T1-hyperintense UM where one might doubt whether there is enhancement 
from the evaluation of the pre- and post-contrast series [8]. The time-intensity curve can be 
qualitatively analyzed in 3D or 2D. In homogeneous tumors, the 3D evaluation performs 
better as it provides information on the entire UM. However, in heterogeneous tumors, 
especially in bipartite tumors, different tumor components may have different TIC’s and 
therefore a separate evaluation of both tumor components is advised. Overall, two-thirds of 
the UM had a wash-out curve, with a plateau curve in the other one-third, consistent with 
the reports from Yuan et al [14]. and Li et al. [25]. We noticed that both an increase of the 
tumor prominence and a decrease of the ADC favour a wash-out TIC. We found a mean Peak 
intensity of UM was 1.62, consistent with Buerk et al. [26].
MRI potentially plays a pivotal role at the differential diagnosis [27]. Benign ocular lesions 
are expected to have higher ADCs[16] and mostly a progressive or plateau TIC at DCE, 
although functional evaluation of choroidal nevi can still be hampered by their very small 
size. In other intraocular malignant lesions, such as metastases and lymphomas, the main 
clues for the differential diagnosis are the lesion number, configuration and signal intensity. 
For example, in the study from Lemke et al. with 200 UM, no tumor had a flat-placoid shape 
[27], which is the predominant shape of ocular metastases.
Assessment of tumor size is essential for the choice of treatment modality and planning 
of radiotherapy. The most accurate way to measure TP and LBD is the use of multiplanar 
reconstructions of isotropic 3D MR sequences [8]. Measuring the tumor’s LBD with MRI is 
only limited in case of flat tumors, with a tendency to underestimate the size due to unclear 
tumor margins. In comparison to MR, US tends to overestimate tumor size, likely due to 
oblique measurements whenever the transducer cannot be positioned perpendicular to the 
tumor [2, 11, 28]. 
Extraocular growth is associated with an increased rate of orbital recurrence and worse 
survival [29, 30]. It should be diagnosed in order to be taken into account in the treatment 
plan. We found extrascleral extension in 7% of the UM, consistent with current literature [27, 
29–31]. Interestingly, in the present study, all observed extrascleral extensions occurred in 
small tumors with a maximum prominence of 4.8 mm, although in general, it occurs more 
commonly in medium or large tumors [29, 32]. Extrascleral extension often develops along 
scleral canals, via perivascular or perineural invasion. Therefore the scleral underlying the 
tumor does not need to be invaded and the extrascleral tumor can even be located further 
away from the intraocular tumor [29, 30]. We had no false-positive cases with MRI, and 
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one false-negative case where the extrascleral extension was 1.1 mm and anteriorly located. 
Diagnosing extrascleral extension with MRI is more challenging at the bulbar insertion of 
the extraocular muscles and anteriorly adjacent to the enhancing eyelid structures, although 
the latter extensions are usually readily visible clinically. Venous ectasia is another pitfall 
but it is more serpiginous in configuration [32]. MRI has been reported to be more accurate 
and judged with more confidence than US in the diagnosis of extrascleral extension [32]. In 
our study, from the three extrascleral extensions seen with MRI, US missed one case, which 
corresponded to the case of optic nerve invasion. 
In one series with 1527 enucleated eyes due to UM, scleral invasion was histologically present 
in 56% of the cases [31]. An irregular inner contour and slight enhancement of the sclera 
adjacent to a UM on MRI should prompt the suspicion of scleral invasion. However, contrarily 
to what has been previously reported [33], scleral invasion is difficult to diagnose with MRI. 
All cases of histopathologic proven scleral invasion were missed on MRI and only in 20% it 
was possible to see it retrospectively. 
Optic nerve invasion is graded as prelaminar, laminar or postlaminar, if tumor cells are 
present in the optic nerve head, in or beyond the lamina cribrosa, respectively [34]. In the 
present study, MRI demonstrated or ruled out postlaminar optic nerve invasion reliably in 
all cases. Optic nerve invasion needs to be assessed because its presence is a contraindication 
for ruthenium brachytherapy and especially when it occurs postlaminar, it is associated with 
a propensity to orbital recurrence and poor prognosis [34].
We observed retinal detachment on MRI in 62% of the cases, more prevalent in tumors 
with a larger prominence and larger diameter, which is consistent with the literature [19, 
27, 32]. It is important to differentiate tumor tissue from retinal detachment, especially in 
order to not overestimate the LBD. On MRI, retinal detachment does not enhance, there is 
no diffusion restriction (except when hemorrhagic), it has a lentiform shape and a typical V 
shape with the vertex at the optic nerve [8, 19, 24]. In our study, MRI performed better than 
US in depicting RD.
It would be desirable to have noninvasive markers that may predict a tumor’s response to 
therapy and provide prognostic information. A biopsy is an invasive procedure and may not 
always be representative because chromosomal aberrations can be heterogeneous across the 
tumor[35, 36] and they seem to change with time. DWI and PWI are potentially useful but 
have hardly been evaluated. It is the current belief that the genetic profile governs prognosis 
and not the treatment modality. 
Both the presence of monosomy 3[22, 37, 38] and of extracellular matrix patterns “loops”[39–
44] are important determinants of poor prognosis and they frequently coexist. All our 
tumors with loops had monosomy 3 and vice versa, consistent with the literature where 
monosomy 3 is detected in 67% of tumors with loops [40]. The study from Kamrava et al. 
found a significant correlation between monosomy 3 and perfusion values such as higher 
ktrans and ve [15]. Interestingly, in our study, it seems that UM with loops also tend to have 
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different perfusion values than UM without loops, such as a shorter Time to peak and a bigger 
Peak intensity, consistent with the fact that extracellular matrix patterns are pseudovascular 
channels, seeming to conduct plasma and sometimes blood. Because Peak intensity and ktrans 
are related, our results add an extra meaning to the association described by Kamrava et al 
[15], corroborating the promising value of PWI in recognizing UM with a poor prognosis. 

CONCLUSION

In this study, we comprehensively assessed the anatomical and functional MRI characteristics 
of UM. Knowing the MRI characteristics of UM is important in order to confirm the diagnosis 
of UM, to differentiate UM from other intra-ocular lesions and because it has implications 
for treatment planning. MRI is a good imaging technique for the assessment of size, shape 
and local extent of UM, seeming more accurate than US, and only being limited in case of 
flat tumors and for the diagnosis of scleral invasion. The promising value of PWI on the 
identification of UM at higher risk of metastasis needs further investigation, as it could serve 
as a substitute for histopathology in patients that undergo an eye-sparing treatment.
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ABSTRACT

Scleritis is a rare, underdiagnosed vision-threatening condition that can occur isolated or in 
association with other orbital abnormalities. The etiology of scleritis is mainly inflammatory 
noninfectious, either idiopathic or in the context of systemic disease. Ultrasonography remains 
the criterion standard in diagnostic imaging of this condition but might prove insufficient, 
and studies on the diagnostic value of CT and MRI are lacking. We retrospectively analyzed 
11 cases of scleritis, in which CT and/or MRI were performed during the active phase of 
disease and assessed the diagnostic utility of these techniques. The most important imaging 
findings of scleritis were scleral enhancement, scleral thickening, and focal periscleral 
cellulitis. MR imaging is the recommended imaging technique, though posterior scleritis 
also can be accurately diagnosed on CT.  It is important for the radiologist to be acquainted 
with these findings because being able to diagnose scleritis is of clinical significance and may 
be vision-saving.
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INTRODUCTION

Scleritis is a rare but often treatable vision-threatening condition that can occur isolated 
or in association with other orbital abnormalities [1,2]. The most common etiology is 
inflammatory (noninfectious, 90% of patients), either idiopathic in the spectrum of idiopathic 
orbital inflammatory disease (IOID)/pseudotumor or in the context of a systemic disease [3]. 
Infectious scleritis is rare (7% of cases) and is associated with predisposing factors such as 
surgery or trauma [3,4].
Although diagnosis of scleritis is usually based on clinical assessment and ultrasonography 
[3,5], the variable clinical presentation, variable ultrasonography findings, and unfamiliarity 
with the diagnosis account for posterior scleritis being one of the most underdiagnosed 
conditions in ophthalmology [6].
Improvements in CT and MR techniques have led to important progress in ophthalmologic 
imaging [7]. However, detailed studies concerning imaging of scleritis, especially MR imaging, 
are few and contained only small number of patients [5,6,8-11]. 
This article considers the role of CT and MR imaging in the diagnosis of scleritis, emphasizing 
the array of imaging findings in 11 cases.

CASE SERIES

We describe a series of 11 cases of scleritis in 10 different patients. All cases had CT and/or 
MR imaging performed during the active phase of disease. Scleritis was confirmed by an 
experienced ophthalmologist by using clinical and imaging criteria and by the therapeutic 
response in doubtful cases.
CT was performed in 8 cases of unilateral scleritis and MR imaging in 6 unilateral and 1 
bilateral case of scleritis.
Table 1 lists the clinical and diagnostic information for the 10 patients who form the basis of 
this report. All patients underwent laboratory testing to determine the presence of infectious 
and systemic inflammatory diseases.

Patient 1

A 50-year-old woman with Down syndrome presented with a 5-month history of ocular 
pain, proptosis, and periorbital swelling on the right orbit and low-grade fever. Contrast-
enhanced CT (CECT) showed signs of pre- and postseptal cellulitis and scleritis of the right 
eye (Figure 1A). Infectious cellulitis was diagnosed and antibiotic therapy started. After a 
lack of improvement, an inflammatory etiology (IOID) was suspected and non-steroidal 
anti-inflammatory drugs were initiated. Complete resolution of symptoms was subsequently 
achieved with systemic corticosteroids. 
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Eighteen months later, the same patient re-presented with similar complaints related to the 
left eye. Clinically, it was again thought to be infectious orbital cellulitis. On CECT, imaging 
findings on the left orbit were identical to the previous findings on the right side (Figure 
1B). Because of the presence of scleritis and a history of pseudotumor, recurrent IOID 
(with scleritis) was diagnosed and corticosteroids started, with total recovery.

Patient 2

An 11-year-old girl presented with 3 months of severe headaches that progressed to 
bilateral orbital pain and blurry vision. She had a history of recurrent peripheral articular 
pain. Ultrasonography revealed bilateral disc edema, and optic neuropathy was suspected. 
Gadolinium-enhanced MR imaging showed bilateral posterior scleritis (Figure 2). In the absence 
of infectious parameters, an inflammatory idiopathic etiology was assumed and systemic 
corticosteroids started, with improvement. Follow up MR imaging showed no anomalies.

Table 1. Clinical data of patients with scleritis analysed by CT and/or MR imaging.

Pt Duration of 
Symptomsa

US Performed, 
Diagnosis

Clinical 
Diagnosisb

Imaging 
Modality

Systemic Disease Final Diagnosis

1 5 mo No
Infectious 
cellulitis CT Down Syndrome IOID with scleritis

1 2 mo No
Infectious 
cellulitis CT Down Syndrome IOID with scleritis

2 3 mo Yes, disc edema Optic neuritis MRI Not found
Bilateral idiopathic 
scleritis

3 2 mo No
Intraorbital 
mass CT Not found Idiopathic scleritis

4 2 mo Yes, uveal mass
Choroidal 
melanoma CT Not found

Nodular idiopathic 
scleritis

5 Acute No
Infectious 
cellulitis CT, MRI

DRM; Colon 
carcinoma

Infectious orbital disease 
with panophthalmitis

6 6 mo No
Infectious 
cellulitis CT, MRI Down Syndrome IOID with sclerouveitis

7 1 mo Yes, scleritis
Scleritis or 
tumor MRI

Granulomatosis 
with polyangiitis

Autoimmune orbital 
inflammation with 
scleritis

8 2 mo No Uveitis CT, MRI JIA
Autoimmune 
sclerouveitis

9 3 wk
Yes, 
inconclusive

Optic pathway 
condition CT, MRI None Idiopathic scleritis

10 4 wk No
Optic pathway 
condition MRI None Idiopathic scleritis

Note:- DRM indicates dermatomyositis; JIA, Juvenile idiopathic arthritis; Pt, patient; US, ultrasonography
a Duration of symptoms refers to the time elapsed between onset of symptoms of scleritis (pain, vision disturbances) 
and the time of imaging. 
b Diagnosis after ophthalmologic evaluation and ultrasound and before CT and/ or MRI.
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Figure 1. Asynchronous IOID with scleritis. 
a, CECT depicts outward, eccentric thickening and enhancement of the right globe wall with focal periscleral 
cellulitis (black arrow), compatible with posterior scleritis. There is associated pre- and postseptal cellulitis (white 
arrow) and proptosis. 
b, CECT 18 months after examination (a) shows almost identical findings in the left orbit. Black and white arrows 
point to the scleritis and cellulitis, respectively. Notice the complete resolution of the alterations of the right orbit. 
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Figure 2. Bilateral inflammatory isolated scleritis. axial MRI images. 
a, Post-Gd-DTPA T1-weighted image with fat saturation shows bilateral enhancement of the outer aspect of the 
sclera (white arrows), extending to the optic nerve sheath, depicting scleritis. There is also focal periscleral cellulitis. 
Notice the absence of ocular anomalies on the precontrast T1WI (b).

166290_Teresa Ferreira_BNW-8.indd   74166290_Teresa Ferreira_BNW-8.indd   74 24-04-2023   16:3124-04-2023   16:31



CT and MR imaging in the diagnosis of scleritis 

75

Patient 3

A 68-year-old woman presented with a 2-month history of proptosis and ocular pain on 
the left eye. Suspecting a retrobulbar mass, CECT was performed, depicting scleritis with 
periscleral cellulitis. Diagnosis of inflammatory idiopathic scleritis was made, and the patient 
was started on non-steroidal anti-inflammatory drugs, with clinical improvement. 

Patient 4

A 41-year-old woman was referred for enucleation by an ophthalmologist with the diagnosis of 
uveal melanoma. She had a 2-month history of visual loss and pain in the left eye. Fundoscopy 
and ultrasonography findings were compatible with a mass, but because of clinical uncertainty, 
including the presence of pain, a CECT was performed. It showed a scleral mass displacing 
the choroid anteriorly, with periscleral cellulitis (Figure 3). Given the cellulitis, sparing of the 
choroid, and the presence of pain, a diagnosis of inflammatory idiopathic nodular scleritis 
was suggested. Systemic corticosteroids were started, with complete resolution of symptoms, 
confirming the diagnosis.

Figure 3. Nodular inflammatory scleritis mimicking uveal melanoma. 
CECT depicts a posterior globe wall mass (black arrow) deviating the choroid-retinal layer internally (white arrow), 
and hence, most probably arising from the sclera. Also notice the presence of slight periscleral cellulitis.
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Patient 5

A 66-year-old woman under immunosuppression for dermatomyositis presented with 
sudden onset of vision loss on the left, headache, proptosis, fever, and elevated infectious 
parameters. MR imaging depicted pre- and postseptal cellulitis, scleritis and dacryoadenitis 
(Figure 4A). An orbital infection was suspected, and the patient was started on antibiotics. 
Despite treatment, infection progressed to panophthalmitis, and a subsequent CT showed 
globe rupture (Figure 4B). Cultures isolated Clostridium septicum.

Patient 6

A 56-year-old woman with Down syndrome complained of progressive right eyelid swelling 
and proptosis. Infectious cellulitis was suspected and the patient started on antibiotics, 
without improvement. An inflammatory idiopathic etiology was suspected and MR imaging 
performed, demonstrating pre- and postseptal cellulitis, scleritis, and uveitis, with choroidal 
and retinal detachments. Therapy with corticosteroids was initiated, with resolution of all 
ocular complaints.

Patient 7

An 80-year-old woman with granulomatosis with polyangiitis (Wegener) presented with a 
history of left ocular pain and 1 month of left eyelid swelling. Ultrasonography identified left 
posterior scleritis, but because of lack of improvement on non-steroidal anti-inflammatory 
drugs, MR imaging was performed to exclude malignancy. It showed left scleritis (Figure 5), 
dacryoadenitis, and cellulitis. The findings were consistent with inflammatory autoimmune 
orbital disease, and corticosteroids were started. Resolution of symptoms was achieved after 
adding cyclophosphamide.

Figure 4. Infectious orbital process with scleritis followed by panophthalmitis. Post-Gd-DTPA axial 
T1-weighted spectral presaturation with inversion recovery image of the orbit (a) depicts scleral enhancement 
(black arrow) and extensive pre- and postseptal cellulitis, with involvement of the optic nerve sheath (white 
arrow) and dacryoadenitis (asterisk). CECT performed 48h later (b) shows lens luxation (white arrow) and 
inward folding of the globe wall with volume loss (black arrow), depicting globe rupture. 
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Patient 8

A 10-year-old boy with a history of idiopathic juvenile arthritis presented with ocular pain 
and diminished visual acuity of the left eye. Fundoscopy showed optic disc edema and signs 
of posterior uveitis, and orbital MR imaging depicted scleritis (Figure 6). Inflammatory 
autoimmune sclerouveitis was diagnosed, and corticosteroids and immunosuppressive 
medication were started, with clinical improvement.

Patient 9

A 47-year-old man presented with a 3-week history of headaches and blurry vision. 
Ultrasonography was inconclusive. CECT depicted posterior scleritis, confirmed by MR 
imaging (Figure 7). Assuming an inflammatory idiopathic etiology, non-steroidal anti-
inflammatory drugs were started, with complete resolution of symptoms.

Patient 10

An 8-year-old boy, with headaches for 4 weeks, presented with diminished visual acuity 
on the right eye. An optic neuropathy was suspected, and MR imaging was performed, 
showing scleritis and focal periscleral cellulitis. An inflammatory idiopathic etiology was 
suspected and the patient started on corticosteroids and methotrexate, with visual recovery.

Figure 5. Orbital inflammation with scleritis in patient with granulomatosis with polyangiitis (Wegener). 
T1WI (a) shows eccentric focal thickening of the sclera (black arrow), with coexisting enlargement of the 
lacrimal gland (white arrow), both enhancing on the post-Gd-DTPA T1-weighted spectral presaturation 
with inversion recovery image (b). Enhancement extends to the optic nerve sheath (open arrow heads). This 
illustrates posterior scleritis with optic perineuritis, cellulitis and dacryoadenitis.
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Figure 6. Scleritis with vitritis and uveitis. Enhanced coronal (a) and axial (b) T1-weighted spectral presat-
uration with inversion recovery images and axial T2WI (c) with a sclerouveitis. There is increased signal 
intensity of the vitreous on the left (vitritis; a, b, asterisk), with slight focal enhancement of the iris/cilliary 
body (uveitis; white arrow) and concurrent slight focal scleral outward thickening (c; black dashed arrow) 
and enhancement (b; black solid arrow).
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DISCUSSION

Although clinically scleritis is classified according to an anterior or posterior location 
and subdivided into diffuse or nodular (focal) forms [12,13], there has been no defined 
classification applied to imaging studies. Inflammation or infection of the sclera as observed 
on CT or MR imaging is generally referred to as “scleritis” independent of location or etiology. 
Anterior scleritis is the most common form, readily diagnosed on direct observation without 
the need for imaging [2,12]. Posterior scleritis accounts for 2%-12% of cases and is widely 

Figure 7. Isolated inflammatory scleritis: orbital MR imaging. T2-weighted (a) and Gd-DTPA enhanced 
T1-weighted spectral presaturation with inversion recovery (b) images depict scleral thickening and enhance-
ment (b, white arrow). There is a linear hyperintense (fluid) collection between the sclera and the choroid/
retina, representing a suprachoroidal effusion (a, white arrowhead). 
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underdiagnosed because of its rarity, variable clinical findings, and unfamiliarity with this 
condition of the general ophthalmologist and radiologist [2,6]. The etiology of scleritis is most 
often inflammatory noninfectious, occurring either as an idiopathic condition (43%) or as 
a manifestation of a systemic disease (48%) [7,12,14], most often autoimmune. Rheumatoid 
arthritis and granulomatosis with polyangiitis are the most common underlying conditions. 
Idiopathic inflammatory scleritis might occur isolated or associated with extraocular 
anomalies and, we believe, as suggested by other authors [10,11,15-17], is part of the IOID/
pseudotumor spectrum. We identified a systemic disease in 2 patients (granulomatosis with 
polyangiitis, juvenile idiopathic arthritis). In addition, 2 patients had Down syndrome, 
which to our best knowledge has not been specifically associated with scleritis; both patients 
presented with extensive IOID. Infectious scleritis is rare, particularly in the absence of 
predisposing factors [3,4]. In our series, 1 case was identified in an immunosuppressed patient.
The most distinctive clinical feature of scleritis is orbital pain, present in around 60% 
of patients [3]. Orbital pain occurred in 7 of our 11 cases. From the remaining 4 cases, 3 
presented with headaches. Decreased vision has been described to occur in up to 31% of 
patients, 3% developing permanent visual loss [1]. We found visual symptoms in 6 cases, 
5 of which resolved completely with treatment. Fever is a feature in infectious scleritis. 
Treatment depends on etiology and, excluding infectious causes, involves nonsteroidal anti-
inflammatory drugs, corticosteroids, and immunosuppressive drugs [3,18]. 
Correctly diagnosing scleritis is important given the potential for complications and 
the frequent association with systemic disease, of which scleritis might be the presenting 
manifestation [2,3,14]. Because the posterior sclera cannot be directly visualized, imaging 
methods are needed to make or confirm the diagnosis in clinically challenging cases. 
Sonography is the most widely used imaging technique, but often fails to show pathognomonic 
findings and is of limited value in evaluating other intraorbital structures [2,19]. Scleritis is 
frequently part of a more extensive inflammatory process, which might involve other orbital 
structures. In our series, sonography was performed by a specialized ophthalmologist in 4 
patients and was diagnostic in 1 patient. Sonography was not performed in the remaining 
patients because scleritis was not clinically suspected.
MR imaging has excellent soft tissue contrast and the ability to image the entire orbit. On 
T2-weighted sequences, the posterior globe wall appears as a single hypointense ring, whereas 
on T1-weighted sequences, the sclera can be individualized as the outer hypointense rim 
of the globe. A distinct hyperintense and enhancing rim can be seen internal to the sclera, 
corresponding to the choroid, and, at least partially, to the retina (Figure 2B). 
Direct signs of scleritis on imaging are scleral enhancement, scleral thickening, and focal 
periscleral cellulitis. Our most consistent finding was scleral enhancement, present in 100% of 
contrast-enhanced examinations. Enhancement might involve the whole sclera (Figure 1B) or 
be preferentially peripheral (Figure 2), perhaps illustrating different degrees of inflammation, 
starting from the vascularized outer aspect of the sclera. It also might extend along the optic 
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nerve sheath (Figure 5), representing optic perineuritis. Scleral enhancement is always 
abnormal and should not be confused with choroidal enhancement, a physiological finding. 
Use of contrast is critical because scleral enhancement might be the only positive finding 
(Figure 2) [5]. On MR imaging, postcontrast T1WI should be acquired with fat saturation 
because the fat signal might mask scleral enhancement.  Another sign of scleritis is scleral 
thickening, present in 83% of our patients and easily identified on MR imaging. On CT, 
though the globe layers cannot be separated, we found eccentric globe wall thickening and 
peripheral enhancement in all patients, making CT a useful tool in the diagnosis scleritis 
[6,11,20]. Periscleral cellulitis, described as the “ring sign” by Chaques et al [11], is also an 
important sign of scleritis, found in 42% of our patients. Imaging findings are summarized 
in Table 2.

Indirect signs of scleritis include retinal and choroidal detachment and effusion in the 
suprachoroidal or Tenon spaces [6]. There might be associated uveitis [18,21], which can be 
differentiated from scleritis, particularly on MR imaging. 
Scleritis also might be associated with extraocular orbital abnormalities, as seen in 5 of our 
cases, such as pre- and postseptal cellulitis, myositis, or dacryoadenitis. When scleritis occurs 
with anterior cellulitis, the clinical picture is often mistaken for infectious orbital cellulitis. 
Because extension of an orbital infection to the sclera is extremely rare in immunocompetent 
patients, coexistence of cellulitis and scleritis on imaging should raise suspicion of an 
inflammatory noninfectious etiology [3]. Other clues pointing to an inflammatory etiology 
include subacute/chronic complaints and absence of fever, infectious parameters, or sinusitis.

Table 2: Imaging findings in 11 cases with scleritis on CT (n = 8) and MRI (n = 8). 

Imaging Modality Imaging Finding No (%)

CT Eccentric enhancement of the globe wall 8 (100)

 Eccentric thickening of the sclerouveal rim 8 (100)

 Periscleral cellulitis 6 (75)

 Pre/postseptal cellulitis 4 (50)

 Nodular scleral tickening 1 (13)

MR Scleral enhancement 8 (100)

 Scleral thickening 6 (75)

 Focal periscleral cellulitis 4 (50)

 Pre/postseptal cellulitis 2 (25)

 Scleral thinning 1 (13)

 Dacryoadenitis 1 (13)

 Uveitis 2 (25)

 Suprachoroidal effusion 1 (13)

 Retinal detachment 1 (13)

 Choroidal detachment 1 (13)
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The differential diagnosis of scleritis on imaging mainly is tumor, particularly with nodular 
scleritis, with published cases of globe tumors misdiagnosed as scleritis [14] and scleritis 
mimicking a choroidal mass [8,9]. In the diffuse form of scleritis, posterior uveitis, diffuse 
melanoma, and lymphoma are the most relevant differential diagnoses. CT and MR imaging 
have proved useful in distinguishing these entities [20]. In challenging cases, a therapeutical 
trial (with non-steroidal anti-inflammatory drugs or steroids)[15] and/or histopathological 
confirmation might be warranted because misdiagnosis of scleritis have been described to 
lead to inadvertent enucleations [9]. In the presented case with melanoma as the presumptive 
diagnosis (patient 4), imaging and treatment with corticosteroids led to resolution of the 
mass, making a biopsy unnecessary. Clues to the inflammatory (versus neoplastic) nature 
of the process include the presence of pain, cellulitis as seen on imaging, and the specific 
scleral location, though some intraocular tumors might also involve the sclera. Additional 
MR sequences, such as DWI, might be of benefit [22], particularly in lymphoma, which often 
demonstrates restricted diffusion [23]. Neither DWI nor other advanced imaging sequences 
were routinely performed in our patients.
Although we present a small group of patients, they illustrate a wide range of direct and 
indirect imaging findings in scleritis. CT and MR imaging provided useful information 
and influenced clinical decision-making. MR imaging is the most useful examination in 
the diagnosis of scleritis [5,9], differentiating the sclera from the other ocular layers. In our 
experience and as ascertained by previous studies [6,11,20], CT is also able to diagnose scleritis, 
showing eccentric outward globe wall thickening and enhancement, frequently associated 
with periscleral cellulitis. Both techniques are more informative than ultrasonography for 
assessment of extraocular extension of disease.
We suggest that in cases when clinical evaluation and ultrasonography do not suffice in the 
diagnosis of scleritis, or when associated ailments are suspected, MR imaging be performed. 
When MR imaging is not available, or when there are contraindications, CT can be of 
diagnostic value.
The results of our study are limited by its retrospective nature, the small number of patients, 
and the lack of standardized protocol. Despite this, we believe that this article contributes to 
the current knowledge on imaging signs of scleritis on CT and MR imaging. To the best of 
our knowledge, this is the largest series of MR imaging in scleritis analyzed to date.

CONCLUSIONS

Scleritis is an underdiagnosed, treatable condition, almost invariably of inflammatory 
noninfectious etiology - idiopathic, in the spectrum of IOID, or in the context of a systemic 
disease. Imaging findings on CT and particularly on MR imaging are quite distinct and 
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include scleral enhancement, scleral thickening, and focal periscleral cellulitis. To the 
radiologist, familiarization with these findings is important to recognize this diagnosis. 
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ABSTRACT

Purpose: Orbital inflammation can be idiopathic or in the context of a specific disease and 
it can involve different anatomical orbital structures. On imaging inflammatory disease is 
frequently mistaken for infection and malignant tumors, and its underlying cause is often 
not determined. Through this article we aim to improve orbital inflammation diagnosis and 
underlying inflammatory diseases recognition. 

Methods: The imaging protocols and characteristics of orbital inflammation were reviewed.

Results: A decision tree for the evaluation of these patients is provided. First a combination of 
clinical and radiological clues is used to recognize inflammation, in particular to differentiate 
it both from orbital infection and tumor. Subsequently different radiological patterns are 
recognized, often allowing the differentiation of the several orbital inflammatory diseases.

Conclusion: The use of adequate imaging protocols and subsequent evaluation allow to 
the recognition of an orbital lesion as inflammatory and to the diagnosis of the underlying 
inflammatory disease. All in all a proper treatment can be established and at times a biopsy 
can be avoided.
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INTRODUCTION

Orbital inflammation may be either idiopathic or in the context of a specific inflammatory 
disease. It may involve different orbital structures, accounting for the different clinical 
presentations. Recognizing the inflammatory etiology of a lesion, identifying which structures 
are involved and determining the underlying disease is mandatory in order to establish an 
adequate treatment [1].
The diagnosis of orbital inflammation is made through combining the radiological findings, 
laboratory data and characteristics of other organ involvement. When the diagnosis still 
remains unclear tissue characterization and/or a therapeutical test is needed. 
Despite its ability to identify orbital pathology as inflammatory and allowing for a specific 
diagnosis, imaging findings are often mistaken for infection and tumor [1-7].
This may be due to a number of reasons, the lack of detailed studies concerning the differential 
diagnosis on radiological imaging of orbital inflammatory diseases being one.
The purpose of this manuscript is to provide a comprehensive review of orbital inflammation, 
together with a systematic approach for the radiological evaluation of these patients, in order 
to improve the diagnostic accuracy of orbital inflammation. 
CT and MRI protocols will be addressed first. Secondly the specific radiological characteristics 
of inflammation affecting the various orbital structures will be illustrated, providing the 
necessary clues to differentiate orbital inflammation both from orbital infection and tumor. 
Thirdly the imaging characteristics of specific inflammatory diseases will be presented, 
emphasizing the main features that will allow differentiation between distinct etiologies. 
Finally, a decision tree, combining mainly imaging features but also clinical findings, will 
be provided, which will help in the differential diagnosis of orbital inflammatory diseases. 

Imaging Protocols 

MRI is the modality of choice for the evaluation of orbital inflammation because of its superior 
soft tissue contrast and spatial resolution, as well as its possibility to generate functional 
images such as diffusion weighted imaging (DWI) and perfusion weighted imaging (PWI). 
Orbital lesions should be evaluated in multiple planes, preferably at least in axial and coronal 
planes. However, when a lesion is located in the eyelid, in the region of the posterior wall 
of the globe or in close relationship with the optic nerve, additional sagittal oblique images 
should be obtained for an optimal evaluation. 
In general, orbital evaluation with MRI is performed by using a head coil. The MRI protocol 
should include T1-weighted imaging (WI) sequences and T2-WI sequences with and without 
a fat suppression technique, T1-WI sequences with a fat suppression technique after contrast 
medium administration and DWI. T1-WI and T2-WI are the standard anatomical images 
to be obtained. They are important to determine which orbital structures are involved and 
to what extent. Inflammatory lesions are hypo to isointense on T1-WI. On T2-WI sequences 
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the signal intensity of inflammatory lesions depends on the balance between oedema and 
fibrosis, oedema being hyperintense and fibrosis hypointense. The use of T2-WI sequences 
with fat supression will make edema more conspicuous. Fat supression techniques after 
contrast sequences allow for the differentiation between an abnormal enhancing lesion 
and the normal bright signal of fat on T1-WI. Enhancement pattern can be important in 
differentiating inflammation from tumor and infection. Inflammatory lesions will tend to 
show a more homogeneous enhancement pattern while tumors and infections will be more 
heterogeneous due to the presence of non-enhancing components such as necrosis and pus. 
DWI can be performed using either Echo Planar Imaging (EPI) or non-EPI-based sequences. 
An EPI-based sequence is the traditional choice for DWI. It has high temporal resolution but 
is sensitive to susceptibility artifacts and image distortion, especially present at air-tissue and 
bone-tissue interfaces, making it a challenging technique in the orbit. A non-EPI technique 
takes longer but does not show image distortions and susceptibility artifacts. DWI helps 
distinguishing benign from malignant lesions. In the study from Sepahdari et al. with 189 
cases, orbital masses were likely to be malignant (> 90% probability) when ADC < 0.93 x 
10 -3 mm2/s and likely to be benign (> 90% probability) when ADC > 1.35 x 10 -3 mm2/s. 
Inflammatory lesions due to its higher free water content will have less diffusion restriction 
and therefore will show high ADC values. In the meanwhile, malignant tumors having higher 
cellular content will restrict water diffusion and show low ADC values. In cases of bacterial 
infection, the presence of pus will be responsible for restricting diffusion and consequently 
high signal on DWI, matching the non-enhancing portion of the mass [8,9,10]. PWI can be 
performed in the orbit but few studies have been published. Most used a dynamic contrast 
enhanced technique (DCE) in which serial T1-weighted images are acquired before, during 
and after contrast administration. It provides data in the wash-in and wash-out contrast 
kinetics within a lesion. In DCE-MRI the qualitative evaluation of the time intensity curve 
(TIC) pattern seems to be a complementary investigation in distinguishing benign from 
malignant lesions. In the study from Yuan et al., a persistent TIC pattern (type I curve) 
suggests a benign lesion, a wash-out TIC pattern (type III curve) mostly suggests malignancy, 
and a plateau TIC pattern (type II curve) occurs both in benign and malignant lesions [11]. 
In an emergency setting, computed tomography (CT) is often the first-line imaging modality 
because of its availability, high temporal resolution and allowing oftentimes the diagnosis of 
a mass lesion. It may also identify a metallic foreign body that could become harmfull during 
MRI examination. However, CT diagnostic performance compares negatively with MRI, 
namely in the differentiation between inflammation and tumor, as it lacks the information 
obtained through DWI and due to its worse soft tissue contrast and spatial resolution.
Ultrasonography is another alternative imaging method to diagnose inflammation or tumors 
of the globe in selected cases, but the technique is operator dependent and shows limited 
capacity in the evaluation of the retrobulbar structures [12,13].
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Characteristics of Orbital Inflammation involving different Orbital Structures

Although infection may cause inflammation, in this paper when referring to inflammatory 
disease we are considering non-infectious inflammation.
Orbital inflammation may involve one or several orbital structures [1]. Table 1 summarizes 
the main imaging features in inflammation related to the different orbital structures. 

Table 1. Imaging characteristics of inflammation involving different orbital structures.

Orbital Inflammation/Orbital 
Structure 

Imaging Characteristics

Scleritis (Figure 1) Scleral enhancement, scleral thickening, no DWI restriction, focal 
periscleral cellulitis 

Uveitis (Figure 2) Uveal tract increased enhancement, uveal tract thickening, no DWI 
restriction, subretinal effusions, vitreous humor signal abnormalities 

Dacryoadenitis (Figure 3) Lacrimal gland enlargement both involving the orbital and palpebral lobes, 
no DWI restriction, surrounding cellulitis 

Optic perineuritis (Figure 4) Optic nerve sheath enhancement, no DWI restriction, surrounding cellulitis 

Optic neuritis Optic nerve enhancement and hyperintensity on T2 and FLAIR, DWI 
restriction possible

Myositis (Figure 5) Muscle enlargement, with increased enhancement, no DWI restriction, 
tubular/fusiform configuration, surrounding cellulitis 

Cellulitis (Figure 6) Preseptal fat thickening, pre and postseptal fat infiltration and enhancement, 
no DWI restriction

Scleritis is an inflammation or infection of the sclera. The most common etiology is 
inflammatory, either idiopathic (43%) or in the context of a systemic disease (48%), most 
usually rheumatoid arthritis or granulomatosis with polyangiitis [12,14]. Infectious scleritis 
is rare (7%) and is associated with predisposing factors such as surgery or trauma [11]. The 
diagnosis of scleritis is usually based on clinical assessment with intense and localized pain, 
with or without choroidal folds on fundoscopy and scleral thickening on ultrasonography. 
Image evaluation should be performed with MRI. MRI findings are quite distinct and 
include scleral enhancement, scleral thickening and focal periscleral cellulitis, with no DWI 
restriction. Scleritis can be diffuse or less common nodular, the latter with a mass-like lesion 
in the wall of the globe (Figure 1) [12]. Uveitis is an inflammation or infection of any part of 
the uveal tract, comprising the iris anteriorly, the ring-shaped ciliary body and the choroid 
posteriorly. When inflammatory, uveitis is either idiopathic or in the context of a systemic 
disease, such as HLA-B27 associated seronegative spondylarthropathies, rheumatoid arthritis 
and sarcoidosis [15]. The diagnosis of uveitis is predominantely based on clinical symptoms, 
such as pain, fotofobia, decreased vision and on slit lamp biomicroscopy and fundoscopy 
the presence of cells and flare in the vitreous and anterior chamber respectively. If image 
evaluation is considered it should be through MRI. MRI signs of uveitis include increased 
enhancement and/or thickening of the uveal tract, subretinal effusions and vitreous humor 
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signal abnormalities, with no DWI restriction (Figure 2) [15]. On imaging inflammatory 
scleritis and infectious scleritis are alike, as are inflammatory and infectious uveitis. 
Inflammatory scleritis looks similar whatever the underlying inflammatory disease is, the 
same holding true when inflammatory uveitis is considered. Nodular scleritis and nodular 
uveitis need to be differentiated from a tumor [16,17]. On both cases the presence of pain 
and lack of diffusion restriction on MRI should raise the suspicion of an inflammatory or 
infectious condition. Moreover, the presence of periscleral cellulitis and a located scleral mass 
both favor the diagnosis of nodular scleritis over tumor [12]. 
Dacryoadenitis is an inflammation or infection of the lacrimal gland. It can be acute such 
as due to infection or idiopathic orbital inflammation or chronic related to sarcoidosis, 
Sjogren syndrome, granulomatosis with polyangiitis, Graves’ disease and IgG4 related 
disease. Clinically, it is characterized by swelling of the lateral third of the upper eyelid, as 
well as redness and, especially in case of acute presentation, pain. On CT and MRI, a diffuse 
enlargement of the gland is observed, maintaining its normal almond shape and involving 
both the orbital and palpebral gland lobes [2]. Surrounding cellulitis is possible, with blurring 
of the glandular margin and possibly involving the adjacent muscles [1,2,18]. There can be a 
tapered posterior margin of the gland until the apex (Figure 3A) [2]. On imaging inflammatory 
and infectious dacryoadenitis look similar. Furthermore, inflammatory dacryoadenitis 
looks similar whatever the underlying cause is. Dacryoadenitis must be differentiated from 
a tumor. A benign tumor will be confined to the orbital lobe, with no surrounding cellulitis 
and no invasion of adjacent structures [2]. A malignant tumor has no surrounding cellulitis 
and has diffusion restriction. In cases of infectious dacryoadenitis with abcess formation 
restricted diffusion is also expected. Lymphomas can, just as dacryoadenitis, involve both 
the orbital and palpebral lobes and have a tapered posterior margin until the apex, but unlike 

Figure 1. 
A. 69 y/o female. Inflammatory scleritis on the left. Axial contrast enhanced CT (CECT): focal eccentric thickening 
and enhancement of the globe wall (arrow) and slight periscleral cellulitis (dashed arrow). The outward eccentric 
thickening of the globe wall points to involvement of the sclera.
B. 38 y/o male. Idiopathic inflammatory scleritis on the right. Enhanced sagittal T1 WI with fat signal suppression: 
scleral thickening and enhancement (dashed arrow) consistent with scleritis. Contrary to CT, MRI clear depicts 
which ocular layer is enhancing. 
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dacryoadenitis lymphomas have diffusion restriction. When dacryoadenitis is bilateral the 
differential diagnosis includes idiopathic orbital inflammation, Graves’ disease, sarcoidosis, 
Sjogren syndrome, IgG4 related disease or granulomatosis with polyangiitis (Figure 3B) [19].
Optic perineuritis (OPN) and optic neuritis (ON) have been considered different entities, 
the first affecting the optic nerve sheath and the second the optic nerve itself [2,20]. It is 
important to distinguish them because they tend to have different etiologies. OPN is either 
inflammatory, infectious or idiopathic, while ON is demyelinating, idiopathic or in the 
context of the neuromyelitis optica spectrum disorder [20,21]. Clinically OPN is difficult 
to differentiate from ON, both presenting with vision loss, pain with eye movement and 
either a normal or swollen optic disk. OPN has a broad age distribution with most patients 
being above 50-years-old. ON tend to affect younger adults, especially females [20]. Image 
evaluation should be performed with MRI. In OPN there is enhancement of the optic nerve 
sheath, with the characteristic tram-track sign on axial and sagittal images and the donut 
sign on coronal sequences. Surrounding cellulitis is a possible other feature in OPN (Figure 4) 
[2,20]. In ON the enhancement and hyperintensity on T2 and FLAIR sequences are located in 
the nerve itself [20]. This differentiation may also have important therapeutic and prognostic 
implications [21]. With the potential serious side-effects associated with high-dose systemic 
steroid therapy, some clinicians may choose not to prescribe steroids for typical multiple 

Figure 2. 
8 y/o male with graft versus host disease after stem cell transplant. Extensive orbital cellulitis, myositis involving 
the lateral rectus and sclerouveitis on the right. Axial T2 WI (A), axial T1 WI (C), enhanced axial T1 WI with fat 
signal suppression (B), and axial FLAIR (D): increased thickness and enhancement of the whole uvea consistent 
with uveitis (long arrow), subretinal effusions (black arrow) and slight increased signal intensity of the vitreous 
humor signal on T1 and FLAIR consistent with vitritis (asterisk). Extensive periscleral cellulitis due to scleritis 
(empty arrowhead), preseptal cellulitis (arrowhead), myositis of the lateral rectus (short arrow) and perioptic neuritis 
(double headed arrows). 
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sclerosis related ON, particularly as steroid therapy has been shown not to positively affect 
long term visual acuity [21]. On the other hand, early initiation of steroid treatment for OPN 
is essential to prevent irreversible visual loss and recurrence. OPN typically does not naturally 
resolve [21]. ON must be distinguished from optic ischemic neuropathy as well. Differentiation 
is not straightforward. Enhancement is more commonly seen with ON while lower ADC is 
more typical of ischemic neuropathy [22,23]. OPN must be distinguished from meningioma, 

Figure 3. 
A. 68 y/o male with Stills’ disease. Inflammatory dacryoadenitis on the left. Axial CECT: enlarged lacrimal gland 
(dashed arrow) with slight blurred margin and preseptal cellulitis (arrow) consistent with dacryoadenitis. The 
coexistence of preseptal cellulitis makes the diagnosis of tumor not probable.
B. 54 y/o female with Sjogren’s disease. Bilateral inflammatory dacryoadenitis. Coronal T2 WI with fat signal 
suppression: bilateral enlargement of the lacrimal gland, involving both the orbital (dashed arrow) and palpebral 
(arrowhead) lobes, a feature typical of dacryoadenitis but that can also occur in lymphomas. The levator palpebrae 
tendon separating the orbital and palpebral lobes (arrows).
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Figure 4. 
40 y/o male with Tolosa-Hunt disease. 
A. Optic perineuritis on the left at the orbital apex. Enhanced axial T1 WI with fat signal suppression: tram-track 
sign (arrow) and slight streaky enhancement of the surrounding fat consistent with perioptic neuritis. Slight orbital 
apical enhancement (dashed arrow) keeping with Tolosa Hunt disease. 
B. Enhanced axial T1 WI with fat signal supression at the level of the carotid siphons: smaller internal carotid artery 
on the left (arrowhead), due to pericarotid inflammatory tissue, a known finding in Tolosa-Hunt disease.
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the latter being usually thicker, may show calcifications and there may be hyperostosis of the 
optic canal. Meningiomas will not typically respond to steroids [2].
Myositis is an inflammation or infection of the muscle. One or more muscles can be 
simultaneously involved. Clinically it is characterized by prominent pain especially with eye 
movement. On CT and MRI, the involved muscle/s is enlarged, there is too much enhancement 
and in case MRI is performed no diffusion restriction is expected. Surrounding cellulitis is 
possible and the signal on T2-WI is variable depending on etiology (Figure 5). On imaging 
an inflammatory myositis looks similar to an infectious myositis. In case of an inflammatory 
myositis some clues will point the underlying inflammatory etiology. Idiopathic orbital 
inflammation involves especially the medial, followed by the superior and lateral recti, the 
muscle has a tubular configuration and there is frequently surrounding cellulitis [2,18]. Graves’ 
disease is typical bilateral, the superior oblique and lateral recti are relatively spared and the 
muscles have a fusiform configuration [2]. On IgG4 related disease muscle involvement is 
typically bilateral, the lateral rectus is the most commonly affected, muscles have a fusiform 
aspect and there can be surrounding cellulitis [24]. A myositis also needs to be differentiated 
from a tumor such as lymphoma or metastasis. The presence of pain, surrounding cellulitis 
and the absence of diffusion restriction are suggestive of inflammation or infection [2].
Orbital cellulitis refers to orbital fat inflammation or infection. It can be pre or postseptal 
[2]. Clinically, preseptal cellulitis presents with swollen, reddish and painful eyelids, while in 
postseptal cellulitis proptosis, restriction of eye movements and disturbed pupillary reflexes 
may exist. Signs of cellulitis are easy to appreciate on CT and MRI and include thickening 
of the fat, best appreciated on the preseptal space, fat infiltration and contrast enhancement. 
On MRI the signal on T2-WI is variable depending on the etiology. Inflammatory cellulitis is 
frequently confused with infectious cellulitis. On imaging the presence of sinusitis or abcess 
suggests infection, while the presence of scleritis points to inflammation (Figure 6) [2,12].
Inflammation will sometimes present as a focal solid enhancing mass, which can be located 
anywhere in the orbit [2]. There is no diffusion restriction and surrounding cellulitis may 
exist. The clinical symptoms and signs are dependent of the anatomical location of the mass, 
but pain is frequently present. The main differential is tumor [2,12]. The presence of pain, 
surrounding cellulitis and absence of diffusion restriction will point to inflammation. As been 
said if the mass is in the globe wall originating from the sclera, the diagnosis of inflammation 
will be favoured (Figure 7) [12].

Characteristics of Orbital Inflammation due to Different Inflammatory Diseases

Orbital inflammation can have a wide range of underlying etiologies. It can be idiopathic, or 
in the context of Graves’ disease, sarcoidosis, granulomatosis with polyangiitis, IgG4 related 
disease or sclerosing orbital inflammation [25]. More rarely it is associated with other systemic 
diseases such as Erdheim-Chester [1]. Over the past decade therapeutic options in orbital 
inflammatory disease have evolved markedly, from prednisone and cyclophosphamide, still 
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Figure 5. 
68 y/o male. Inflammatory myositis of the right superior oblique muscle. Enhanced axial T1 WI with fat signal 
suppression (A and D), axial ADC (B) and enhanced coronal T1 WI with fat signal suppression (C): enlarged and 
with marked contrast enhancement right superior oblique muscle (arrow), with no DWI restriction (arrowhead) 
and slight surrounding cellulitis (dashed arrow), favoring inflammation. Clinically not suspicious for infection. 
Improvement after corticosteroids (D) avoiding biopsy (double headed arrow).
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widely used, to targeted immunotherapy. Treatment is becoming more and more etiology 
specific and therefore recognizing the underlying disease in orbital inflammation has strong 
clinical implications. In Table 2 the main features of orbital inflammation due to different 
inflammatory diseases are summarized.
Idiopathic Orbital Inflammation (IOI), often called pseudotumor, is a diagnosis of exclusion 
and therefore infection, malignancy and a systemic inflammatory process must be ruled 
out [2]. Although the cause of IOI is unknown, an immune-mediated pathophysiological 
mechanism is likely [18]. It is the third most common orbital disease after Graves’ orbitopathy 
and lymphoproliferative disorders [2,18]. Generally acute IOI presents with pain and is 
unilateral for the most of the times (75%) [2,18]. Imaging shows an infiltrative mass, less often 

Figure 6. 
A. 46 y/o female with idiopathic orbital inflammation on the right. Axial CECT: pre (arrow) and postseptal cellulitis 
(arrowhead), scleritis (dashed arrow) and dacryoadenitis (double headed arrow). Scleritis and no sinusitis favored 
inflammation over infection.
B. 5 y/o male. Axial CECT: pre and postseptal cellulitis on the left. Ethmoiditis (dashed arrow) and subperiosteal 
abscess (arrow), both favoring an infectious etiology.

Figure 7. 
A. 41 y/o female. Idiopathic inflammatory nodular scleritis on the left. Sagittal CECT: posterior wall globe focal 
mass. Deviation of the choroid-retinal layer internally (dashed arrow) suggesting a scleral origin. Painful periscleral 
cellulitis (arrow) favoring the diagnosis of scleritis. 
B. 57 y/o female. Periocular breast cancer metastasis. Sagittal CECT: posterior wall globe focal mass, similar to (A), 
but note the normal aspect of the fat (arrow). Clinically there was no pain, both favoring the diagnosis of a tumor.
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a focal mass, most of the time hypointense on T2-WI, with contrast enhancement [18] and 
lacks diffusion restriction [8]. IOI can involve any orbital compartment, commonly involving 
multiple sites at the same time [18]. The preseptal space is however less involved comparing 
to lymphoma [10]. In its muscular form IOI affects especially the medial followed by the 
superior and lateral recti [18,24], involving both the belly and the tendon, giving the muscle 
a tubular appearance. Most of the time the surrounding fat is involved (Figure 8 A-D) [2,18]. 
Fibrosis is frequently present at pathological examination [18]. Treatment for IOI consists of 
intravenous steroids [2]. Radiotherapy and chemotherapeutic agents such as methotrexate 
are alternative treatments [18]. Tolosa-Hunt syndrome is a rare subtype of pseudotumor with 
involvement confined to the orbital apex and/or cavernous sinus resulting in acute orbital 
pain and paralysis of cranial nerves III, IV, V (superior division) and VI [2]. The orbital pain 
should resolve within 72 hours when treated adequately with steroids, ophthalmoparesis 
usually requiring a little longer depending on inflammation degree and steroids regimen.
Sarcoidosis is a systemic inflammatory disease of unknown etiology, characterized by the 
presence of granulomas in the affected organs [26]. Lungs and skin are most common affected. 
Sinonasal involvement is rare [27]. Orbital involvement is seen in 25-60% of patients with 
systemic sarcoidosis [28]. Sarcoidosis can involve any orbital compartment [28], similar to 
IOI. However, in sarcoidosis uveitis is the most common manifestation, the antero-inferior 
orbital quadrant is involved to a greater degree, the cavernous sinus can be affected as well and 
isolated myositis is rare (Figure 8 E) [26]. The involved orbital structures are hypointense on 
T2, enhance and no DWI restriction is expected. Clinical presentation is subacute evolving 
from months to years. Pain is not a typical feature. Orbital involvement is unilateral in 75% of 

Table 2. Main imaging characteristics of the most common orbital inflammatory diseases.

Orbital Inflammatory Disease Main Imaging Characteristics

IOI (Figure 8 A-D) Pain, can involve all orbital structures, myositis with tubular 
configuration, cellulitis

Sarcoidosis (Figure 8 E) Similar to IOI but: pain unusual, uveitis most common 
manifestation, predilection for antero-inferior quadrant

Graves’ D (Figure 9 A-B) Bilateral, myositis with predilection for inferior and medial 
quadrant and with fusiform configuration, increased orbital fat, no 
cellulitis

IgG4 RD (Figure 9 C-E) Bilateral, chronic course, predilection for lateral and superior 
quadrant with myositis and dacryoadenitis, myositis with fusiform 
configuration, cellulitis, infraorbital nerve involvement

Granulomatosis w/poliangiitis
(Figure 10)

Predilection for extraconal and conal compartments, chronic 
sinonasal involvement with bone destruction

ISOI (Figure 11) Chronic course, predilection for lateral and superior quadrant with 
myositis and dacryoadenitis, enophthalmus possible

IOI – Idiopathic Orbital Inflammation. Graves’ D – Graves’ disease. IgG4 RD - Immunoglobulin G4-related disease. 
ISOI – Idiopathic Sclerosing Orbital Inflammation.
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cases. Isolated orbital granulomatous involvement, in the absence of systemic disease, should 
not be called orbital sarcoidosis, as it may represent an idiopathic granulomatous orbital 
inflammation, probably a different entity, affecting especially men in the fourth decade and 
in 50% of cases affecting the lacrimal gland [26,29]. Serum angiotensin-converting enzyme 
(ACE) is increased in 60 to 90% of patients with active disease and reflects its severity [1,30]. 
Oral steroids are the mainstay of treatment. Cytotoxic agents (v.g. methotrexate) are used as 
second line. Surgical excision may be considered for localized orbital disease, namely eyelid 
[26].
Thyroid-Associated Orbitopathy (TAO) is an autoimmune condition of the orbit, more 
often associated with Graves’ hyperthyroidism, but it may exist in patients with euthyroid or 
hypothyroid chronic autoimmune thyroiditis [31]. The most important pathogenic factors 
are the Thyroid-Stimulating Hormone (TSH) receptor auto-antibodies, sharing as targets 
TSH receptors localized on orbital fibroblasts and adipocytes [31]. On TAO the extraocular 
muscles are the most common orbital structure involved [4]. Muscle involvement is bilateral 
on 90% and symmetrical on 70% of cases. The inferior rectus muscle is usually the first to be 
involved, followed by the medial, superior and the lateral recti and the oblique muscles. The 
tendon tends to be spared giving the muscle a fusiform configuration [4]. No surrounding 
cellulitis is seen. Increased orbital fat and dacryoadenitis may coexist. The enlarged muscles 

Figure 8. 
A, B. 89 y/o male with idiopathic orbital inflammation. Enhanced coronals T1-WI with fat signal suppression (A, B): 
unilateral multifocal disease on the right involving the complex levator palpebrae-superior rectus and lacrimal gland 
(arrow) and the cavernous sinus (arrowhead). The bright signal around the inferior recti is due to inhomogeneous 
fat-saturation.
C, D. 46 y/o man with idiopathic orbital inflammation. Axial (C) and sagittal (D) CECT: myositis of the right superior 
muscle complex with surrounding cellulitis (dashed arrows). Muscle involvement encompasses tendon and muscle 
belly giving the muscle a tubular configuration (D).
E. 43 y/o male with sarcoidosis. Sagittal CECT: typical involvement of the antero-inferior quadrant of the left orbit 
with mass in the inferior eyelid (arrow).
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and increased fat will induce proptosis. There can be crowding of the apex with compression 
of the optic nerve [4]. Indirect but objective signs of crowding of the apex and optic nerve 
compression are the presence of an enlarged superior ophthalmic vein and intracranial fat 
prolapse [4]. Proptosis may induce stretching of the optic nerve (Figure 9 A-B). Serologic 
testing includes measuring serum TSH, T3, T4, TSH-r antibody, thyrotropin-binding 
inhibitory immunoglobulin and thyroid stimulating immunoglobulin [32]. Natural history 
of the disease depicts an active phase followed by an inactive phase. MRI is a valuable tool 
to distinguish both stages, by demonstrating edema within the extraocular muscles in the 
active stage, translated as hypersignal on the STIR sequence [4,31,33]. Immunomodulatory 
therapies are the treatment of choice but are only effective in the active phase of the disease 
and therefore should not be considered in patients with inactive TAO [4]. 
Immunoglobulin G4-related Disease (IgG4 RD) is a recently described systemic inflammatory 
process of unknown etiology [24]. Any organ can be involved but there is a predilection for the 
orbits, salivary glands, lymph nodes, pancreas and hepatobiliary system. Mickulicz disease, 
previously thought to be a subtype of Sjogren’s syndrome, is now considered part of the IgG4 
RD [34,35]. IgG4 RD of the orbit has an indolent chronic course with symptoms evolving on 
average for 45 months at time of diagnosis [26]. Pain is not a characteristic finding [24,36]. On 
IgG4 RD of the orbit the extraocular muscles are the most common orbital structure involved 
(89%). Myositis is mostly bilateral (88%). The lateral rectus is the most affected muscle (76%) 
and typically enlarged to the greatest degree. The tendon is spared in 96% of cases, giving 
the muscle a fusiform configuration [24]. The lacrimal gland is the second most commonly 
orbital structure involved (70%) and its involvement is more common bilateral (58%) (Figure 
9 C-E) [24,34]. Cellulitis is present in 44%, either pre or postseptal, uni or bilateral [24]. 

Figure 9. 
A, B. 40 y/o female with thyroid-associated orbitopathy. Axial (A) and coronal T1-WI (B): bilateral and symmetric 
enlargement of the inferior, medial and complex levator palpebrae-superior rectus muscles. Notice fusiform 
configuration of the muscles because sparing of the tendon (arrow) and no surrounding infiltration of the fat.
C-E. 35 y/old male with IgG4 related disease. Coronals enhanced T1-WI with fat signal suppression (C) and DWI (D) 
and axial enhanced T1-WI with fat signal suppression (E): bilateral involvement of the superolateral quadrants of 
the orbits, including bilateral enlargement of the lacrimal glands with involvement of some of the adjacent muscles. 
Involvement of both the orbital (arrowhead) and palpebral (dashed arrow) lobes of the lacrimal gland. Fusiform 
configuration (double headed arrow) of the muscle. No diffusion restriction favoring an inflammatory process.
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Perineural involvement has been reported, mostly affecting branches of the trigeminal nerve, 
the infraorbital nerve being involved in 30% and mostly unilateral [24,35,37,38,39]. There 
is expansion of the foramina [39]. In 89% of patients with IgG4 RD there is sinusal disease 
as well [24]. At imaging orbital IgG4 RD lesions are diffuse or tumefactive, homogeneous, 
hypointense on T2-WI, enhancing, with no DWI restriction [37,40]. Bone remodeling is 
possible [37]. Increased IgG4 levels in serum will help in making the diagnosis [40], but serum 
IgG4 can be normal in up to 40% of patients with biopsy proven disease [32,38]. The definitive 
diagnosis is histopathologic typically with abundant IgG4-positive plasma cells and fibrosis 
[38,41]. Lymphoma can be a complication of IgG4 related disease [35,36,38]. Although the 
most effective therapy of IgG4-RD has yet to be defined, rituximab is a promising alternative 
to glucocorticoids [3,42,43].
Granulomatosis with polyangiitis, previously known as Wegener granulomatosis, is presumed 
to be an autoimmune disease but its exact nature remains unknown [44]. The organs most 
commonly involved are the lungs (95%), the paranasal sinuses (90%) and the kidneys (85%) 
[6]. Orbital involvement usually presents several years after the onset of the disease [45] and 
is mostly unilateral (86%) [6,45]. Pain is occasionally present [1,44]. There are two types 
of orbital involvement, granulomatous disease, causing an inflammatory mass, and small 
vessel vasculitis, causing among others scleritis, uveitis and optic neuritis [7]. In 70% of 
the cases the granulomatous orbital form represents an extension from sinusal disease [7]. 
Extraconal involvement is present in 88% of the cases, frequently with conal extension [7]. 
Intraconal involvement without extraconal involvement is rare being present only in 6% 
of the cases [7]. Lesions enhance, are hypointense on T2-WI [7] and no DWI restriction is 
expected. Nasosinusal involvement is characterized by mucosal thickening, bone destruction 
and nasal septal perforation (Figure 10). The differential diagnosis based on image would 
include invasive fungal sinusitis, which has a different clinical context, the latter occurring in 
the setting of an immunosuppressed patient. The definitive diagnosis is based on tissue biopsy 
(granulomas, necrosis and vasculitis) [7,44]. A positive antineutrophil cytoplasmic antibodies 
(ANCA) is a marker of disease activity. It is present in more than 90% of patients with active 
systemic disease but only in 32% of patients with a limited form of the disease [1,7,30]. Therapy 
is based in immunosuppressive agents such as cyclophosphamide and corticosteroids [7]. 
Idiopathic sclerosing orbital inflammation (ISOI) is a rare disease [45,46]. Previously thought 
to be the endstage of IOI it is now considered a distinct pathologic entity with marked fibrosis 
present early in the disease [45-47]. ISOI is a chronic, indolent process with symptoms 
evolving on average for 18 to 24 months at time of diagnosis. Pain may be present. On imaging 
ISOI manifests as an ill defined mass, slightly enhancing, hypointense on T2-WI and with no 
DWI restriction. There is a predilection for the lateral and superior quadrants and therefore 
the lacrimal gland and the superior and lateral recti muscles are prone to be involved [45,47]. 
Enophthalmus can exist due to the fibrotic process (Figure 11) and extraorbital involvement is 
a possibility, with disease extending to the pterygopalatine fossa, to the masticator and buccal 

166290_Teresa Ferreira_BNW-8.indd   102166290_Teresa Ferreira_BNW-8.indd   102 24-04-2023   16:3124-04-2023   16:31



CT and MR imaging of orbital infammation 

103

space and to the intracranial compartment [45]. The diagnosis of ISOI depends largely on 
biopsy, showing marked fibrosis together with a mixed chronic inflammatory cell infiltrate 
[45]. First-line treatment, although still controversial, encompasses corticosteroids and 
azathioprine, with poor results as fibrosis increases and inflammation subsides [45]. Some 
patients may show an elevated seric and tissue IgG4 [46]. It is difficult to know whether IgG4-
related orbital disease is a distinct entity or an additional defining characteristic of idiopathic 
sclerosing orbital inflammation [46]. Testing IgG4 is important as rituximab seems effective 
in IgG4-related disease. Differential diagnosis includes sclerosing lymphoma and sclerosing 
breast carcinoma metastasis [48] but these entities, unlike ISOI, will show restricted diffusion 
on MRI.
Erdheim-Chester disease is a rare non-Langerhans cell histiocytosis of unknown origin, 
with multiorgan infiltration by lipid-laden histiocytes, belonging to the group of 
xantogranulomatous diseases [49,50]. The skeleton is the most commonly involved organ 
(96%), along with brain, heart, lung, liver, kidney, skin and retroperitoneal space [1]. Orbital 
involvement is also common. On imaging Erdheim-Chester disease presents with infiltrative 
intraconal masses, hypointense on T2-WI, enhancing after gadolinium and DWI restriction is 
not expected (Figure 12) [49]. Xanthomatous lesions of the eyelids are also present. Histologic 
evaluation reveals foamy cell infiltration, Touton giant cells and fibrosis. Immunologic 
staining confirms the diagnosis as these cells are positive for CD68, a histiocytic marker [1].

Figure 10. 
67 y/o male with granulomatosis with polyangiitis involving the orbit, nose and sinuses. Coronals (A, B) and axial (C) 
CT: chronic pansinusitis with sclerosis of the bony walls and intrasinusal calcifications coexisting with nasal septum 
(arrowhead) and lamina papiracea (arrows) erosions. Bilateral orbital involvement in the extraconal compartment 
(dashed arrows). 

Figure 11. 
48 y/o female with idiopathic sclerosing orbital inflammation. Axial T2 WI (A), axial DWI (B) and enhanced axial T1 
WI with fat signal suppression (C): large intraconal mass on the left (arrow), with no restriction diffusion, hypointense 
on T2, with marked enhancement after contrast. Notice enophthalmus, very unusual for a retrobulbar mass, together 
with absence of restriction diffusion, making it suspicious for sclerosing orbital inflammation.
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Decision Tree in Orbital Inflammation

Orbital inflammation presents on radiological imaging as a solid enhancing lesion, mostly 
as an ill-defined or infiltrative lesion. The differential diagnosis of an orbital solid enhancing 
lesion is however vast including not only inflammation but also infection, benign and 
malignant tumors and vascular malformations (e.g. cavernous hemangioma). In the presence 
of an orbital enhancing solid mass, one should first recognize its inflammatory nature and 
second try to determine the underlying inflammatory disease.
With those two purposes in mind and with background knowledge of the imaging 
characteristics of orbital inflammation we designed a decision tree for an orbital solid 
enhancing lesion (Figure 13).
Population is first dichotomized according to the DWI and subsequently whether pain and 
cellulitis are present. Diffusion restriction with no pain and no cellulitis point to malignant 
tumor, and biopsy should be envisaged. Facilitated diffusion together with no pain and no 
cellulitis can still correspond to inflammation, but other diagnosis such as a benign tumor 

Figure 12. 
47 y/o female with Erdheim-Chester disease. Axial T2 WI (A, B), axial DWI (C) and enhanced axial T1 WI with 
fat signal suppression (D): bilateral intraconal masses surrounding the optic nerves (dashed arrows), slightly 
heterogeneous on T2, no restriction diffusion, enhancing after contrast. Bilateral involvement of cerebellum, middle 
cerebellar peduncles and pons (arrows).
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or a vascular malformation should be kept in mind. The absence of diffusion restriction, 
in the presence of pain and/or cellulitis, favors an inflammatory or infectious process. The 
differentiation between inflammation and infection is mainly based on clinical features, with 
long standing symptoms pointing to inflammation, while the presence of fever, high infectious 
parameters (v.g. leukocytosis, elevated CRP) and pus, in which case DWI restriction should be 
expected, suggesting infection. On imaging the presence of sinusitis and/or an abcess points 
to infection, while scleritis suggests inflammation. 
Imaging may also play an important role on establishing the diagnosis of the underlying 
inflammatory disease. This is especially important if the patient is not known to harbor any 
inflammatory systemic disease. In cases the inflammatory process shows predilection for the 
muscles at the inferior/medial quadrants of the orbits, the involved muscles have a fusiform 

Figure 13. Decision Tree in an orbital solid enhancing lesion. IOI - Idiopathic Orbital Inflammation. IgG4 RD - 
Immunoglobulin G4-related disease.
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configuration and no cellulitis is present Graves’ disease should be considered. Graves’ disease 
is mostly bilateral and symmetric and there can be increased intraorbital fat. In cases of 
IgG4 related disease or sclerosing orbital inflammation the lateral/superior quadrants of the 
orbit are preferentially involved and both have an indolent course. IgG4 related disease is 
mostly bilateral, the involved muscles have a fusiform configuration and in 30% of the cases 
there is enlargement of the infraorbital nerve, which when present is very suggestive of the 
diagnosis. On sclerosing orbital inflammation enophthalmus can exist suggesting the fibrotic 
process. If there is a predilection for the extraconal space, with or without chronic sinonasal 
involvement, with bone destruction, consider granulomatosis with polyangiitis. History of 
uveitis and a predilection for the antero/inferior quadrant suggests sarcoidosis. Sarcoidosis 
is mostly unilateral and with a subacute presentation. When pain is a predominant feature, 
the involved muscles have a tubular configuration and cellulitis is present consider idiopathic 
orbital inflammation. Idiopathic orbital inflammation is mostly unilateral and when involving 
the muscles it affects especially the medial followed by the superior and lateral recti.
The definitive diagnosis of the orbital inflammatory disease is made by combining the 
radiological pattern with the laboratory findings and characteristics of other organ 
involvement. The radiological pattern can be specific for a certain type of orbital inflammation 
such as in Graves’ disease or in granulomatosis with polyangiitis. However sometimes these 
patterns are shared between different etiologies making the imaging pattern not specific. 
Still the evaluation of the radiological pattern will shorten the differential diagnosis. That is 
helpful as it can guide the laboratory evaluation and eventual imaging of other organs. When 
the diagnosis is still unclear tissue characterization and/or a therapeutical test is needed. 
An orbital biopsy is easily considered for accessible orbital lesions such as dacryoadenitis. 
Locations where surgery is difficult or dangerous, such as the orbital apex or around the optic 
nerve, may confer a higher threshold for biopsy [51,52].

CONCLUSION

Orbital inflammation is frequently mistaken either for orbital infection or malignant tumors, 
and its underlying cause is often overlooked. Imaging findings obtained through appropriate 
protocols and knowledge of the most common orbital inflammatory diseases will help shorten 
the differential diagnosis, with important therapeutic and prognostic consequences. We have 
therefore combined different imaging and clinical clues that will allow one to recognize an 
orbital solid enhancing lesion as inflammatory. Subsequently we have shown how the different 
radiological patterns will help in differentiate the possible orbital inflammatory diseases. 
Overall these considerations enable the treating physician to establish an adequate treatment 
and at times a biopsy can be avoided.
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ABSTRACT

T-staging of most eyelid malignancies includes the assessment of the integrity of the tarsal 
plate and orbital septum, which are not clinically accessible. Given the contribution of MRI 
in the characterization of orbital tumors and establishing their relations to nearby structures, 
we assessed its value in identifying different eyelid structures in 38 normal eyelids and 
evaluating tumor extension in three cases of eyelid tumors. As not all patients can receive 
an MRI, we evaluated those same structures on CT and compared both results. All eyelid 
structures were identified on MRI and CT, except for the conjunctiva on both techniques 
and for the tarsal muscles on CT. Histopathology confirmed the MRI findings of orbital 
septum invasion in one patient, and the MRI findings of intact tarsus and orbital septum in 
another patient. Histopathology could not confirm or exclude tarsal invasion seen on MRI 
on two patients. Although imaging the eyelid is challenging, the identification of most eyelid 
structures is possible with MRI and, to a lesser extent, with CT and can, therefore, have an 
important contribution to the T-staging of eyelid tumors, which may improve treatment 
planning and outcome.
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INTRODUCTION

The eyelids correspond to the anterior limit of the orbits. They are muscular-membranous 
structures [1], forming part of the protective system of the eye. The eyelids have complex 
anatomy, with each eyelid being constituted of three externally visible regions, namely the 
external skin, the internal palpebral conjunctiva, and the eyelid margin, all well evaluated 
with a physical examination. Histologically, however, seven structures [1] are identified in 
both eyelids, of which the deep structures are not amenable to physical evaluation. The most 
anterior structure of each eyelid is the skin. Behind the skin, there is the first layer of loose 
connective tissue. The third layer is the orbicularis oculi muscle, composed of skeletal muscle 
fibers. The fourth layer, lying behind the orbicularis oculi muscle, is a second layer of loose 
connective tissue. The fifth layer of each eyelid is a fibro-elastic layer, centrally formed by 
the tarsal plate and peripherally formed by the orbital septum. The tarsal plate is a firm 
plate composed of dense connective tissue that helps to maintain the eyelid shape but also 
containing sebaceous glands called the meibomian glands. The superior tarsus is 8–12 mm in 
height and attaches to the superior tarsal muscle. The inferior tarsus is smaller, only 3–4 mm 
in height, and attaches to the inferior septum and inferior tarsal muscle. The orbital septum 
maintains the intraorbital fat in place and is involved in the ocular and palpebral movements 
[2]. The orbital septum of both superior and inferior eyelids attaches peripherally to the 
orbital rim bone, where it is continuous with the periosteum [3]. Centrally the orbital septum 
attaches to the junction of the inferior tarsal muscle to the tarsal plate in the lower eyelid 
and to the levator palpebrae aponeurosis in the upper eyelid [1]. Inferiorly to its attachment 
to the superior orbital septum, the levator palpebrae aponeurosis fuses with the anterior 
aspect of the superior tarsal plate [4]. Posteriorly, on the most cranial part of the levator 
palpebrae aponeurosis and at its junction with the levator palpebrae muscle [4], lies the “V” 
shaped superior transverse (Whitnall) ligament. The sixth layer of the eyelids consists of the 
tarsal muscles, composed of smooth muscle fibers, acting as eyelid retractors. The superior 
tarsal muscle, also known as the Müller’s muscle, inserts superiorly at the junction of the 
levator palpebrae aponeurosis and levator palpebrae muscle and attaches inferiorly to the 
superior margin of the superior tarsal plate [1]. The inferior tarsal muscle inserts superiorly 
at the junction of the inferior tarsal plate and inferior septum, and inferiorly attaches to 
the fascia surrounding the inferior rectus muscle [1]. The most posterior layer of the eyelid 
is the palpebral or tarsal conjunctiva. The conjunctiva will reflect on the eyeball as bulbar 
conjunctiva, which is not part of the eyelid (Figure 1). 
Eyelid malignancies can arise from any of the eyelid structures, but most are of cutaneous 
origin [5]. The most common skin eyelid tumor is the basal cell carcinoma (BCC), followed 
by squamous cell carcinoma (SCC), sebaceous cell carcinoma, Merkel cell carcinoma, 
and malignant melanoma [5–7]. Eyelid malignancies require specific deliberations as the 
functional and esthetical impact of surgical treatment can be devastating [6]. 

166290_Teresa Ferreira_BNW-8.indd   115166290_Teresa Ferreira_BNW-8.indd   115 24-04-2023   16:3124-04-2023   16:31



Chapter 4.1

116

Accurate staging of an eyelid tumor is based on the Tumor, Node and Metastasis (TNM) 
classification, and it is important, among others, to help the clinician in the planning of 
treatment [8,9]. The T-staging of eyelid tumors encompasses determination on whether 
there is an invasion of the eyelid structures such as the tarsal plate and orbital septum [8,9], 
which are not clinically accessible and, therefore, imaging can be crucial [10] for an accurate 
evaluation. 
To our knowledge, eyelid anatomy has never been described on CT, and only a few descriptions 
are available on MRI [2,11–18]. Similarly, we are not aware of any radiological study depicting 
which anatomic eyelid structures are invaded by a tumor. The purpose of this manuscript is 
twofold: 1) To identify the normal anatomy of the eyelid both on MRI and CT, especially the 
tarsal plates and the orbital septa, 2) To apply this knowledge in tumor patients, comparing 
imaging data with pathology.

MATERIAL AND METHODS

Patient population

This single-center retrospective study was carried out according to the Code of Ethics of the 
World Medical Association (Declaration of Helsinki) for experiments involving humans and 

Fig. 1. 
Schematic cross-section of the eyelids and anterior orbital anatomy. 
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in accordance with the recommendations of the local Ethics Committee (CME LUMC, Leiden 
University Medical Center, Project number P16.186). Three different groups of patients were 
evaluated in a total of 41 patients. 
In Group 1, normal eyelid anatomy was assessed on MRI by evaluating MR-images of 19 
patients with uveal melanoma (UM) (Table 1). Only the side with UM had been imaged. As 
the eyelids of these patients were not affected by the UM, they provided a representative view 
of the healthy anatomy. In 68% of the cases, the right eyelids were evaluated. Both the superior 
and inferior eyelids of the side available were assessed. Fourteen of the subjects were male 
(74%), and the median age of the group was 63 years (range 23 to 90). 
In Group 2, normal eyelid anatomy was assessed on CT in 19 patients who received CT scans, 
including the orbits, with at least one healthy orbit (Table 2). Only the eyelids of one side 
were assessed, either the eyelids of the non-pathologic orbit or in the case of bilateral normal 
orbits, one was randomly chosen to be evaluated. In 63% of the cases, the right eyelids were 

Table 1. Normal eyelid MRI anatomy Group (Group 1) patients’ data regarding studied eyelid, slice plane 
evaluated and visualization score of the superior and inferior tarsal plates and of the superior and inferior 
orbital septa (1: not identified; 2: ill-defined; 3: well-defined; NP: not possible to evaluate - when the structures 
to be evaluated were not totally included in the planned slices).

Patient Studied 
eyelid

Slice plane Superior 
tarsus

Inferior 
tarsus

Superior 
septum

Inferior 
septum

1 OS Axial 3 2 2 1

2 OD Axial 2 3 NP NP

3 OD Sagittal 1 1 3 2

4 OD Sagittal 3 3 3 3

5 OD Sagittal 2 2 3 3

6 OD Axial 3 3 3 NP

7 OD Sagittal 3 3 3 2

8 OS Sagittal 3 3 3 3

9 OD Sagittal 2 3 3 3

10 OS Sagittal 3 3 3 2

11 OS Axial 3 NP 3 NP

12 OD Axial 3 3 NP NP

13 OD Axial 3 3 NP 2

14 OD Axial NP 2 NP NP

15 OD Axial 3 3 3 NP

16 OS Axial 3 3 NP NP

17 OD Sagittal 3 2 3 2

18 OS Axial 3 2 NP NP

19 OD Sagittal 3 3 3 2

OS: oculus sinister; OD: oculus dexter
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evaluated. Both the superior and inferior eyelids of the side evaluated were assessed. Eleven 
of the subjects were female (58%). The median age was 45 years (range 19 to 79).
Group 3 consisted of three consecutive patients with different eyelid tumors, who were planned 
to be treated surgically. These patients received an MRI protocol that had been optimized for 
the evaluation of eyelid tumors. When available, the CT images were included in the evaluation 
(Table 3). Two of the subjects were female. The median age was 72 years (range 62 to 81). Patient 
1 had a squamous cell carcinoma (SCC) of the palpebral and bulbar conjunctiva at the medial 
aspect of the left inferior eyelid involving the medial canthus. Clinically, there was evidence of 
orbital invasion due to abnormal eye movements. Patient 2 had a recurrent SCC of the skin at 
the medial aspect of the right inferior eyelid, involving the medial canthus and with minimal 
superior eyelid extension. Clinically, there was no evidence of orbital invasion. Patient 3 had 
residual melanotic melanoma (MM) at the palpebral conjunctiva of the left superior eyelid, 
discovered 4 weeks after surgical resection of a MM of medial bulbar conjunctiva of the left 
inferior eyelid. Clinically there was no evidence of orbital invasion.

Table 2. Normal eyelid CT anatomy Group (Group 2) patients’ data regarding studied eyelid and visualization 
score of the superior and inferior tarsal plates and of the superior and inferior orbital septa both on the 
sagittal and axial planes (1: not identified; 2: ill-defined; 3: well-defined; NP: not possible to evaluate - when 
the structures to be evaluated were not totally included in the planned slices).

Patient Studied eyelid Superior tarsus Inferior tarsus Superior septum Inferior septum

Sag Ax Sag Ax Sag Ax Sag Ax

1 OD 2 3 2 2 2 2 2 2

2 OD 3 3 2 2 2 3 1 1

3 OD 2 2 2 2 3 3 2 2

4 OS 2 3 2 3 2 3 2 3

5 OD 3 3 3 3 3 3 1 1

6 OS 1 2 1 1 2 2 1 1

7 OS 1 2 2 2 3 3 2 3

8 OD 3 2 1 1 2 2 1 2

9 OS 1 2 1 1 3 3 2 2

10 OD 2 3 2 2 1 1 1 1

11 OD 2 3 2 3 2 3 2 2

12 OS 2 2 2 3 2 2 2 2

13 OS 3 3 3 3 1 2 1 1

14 OD 1 2 1 2 2 2 1 2

15 OD 2 3 2 3 2 1 1 1

16 OD 2 3 2 3 2 2 1 2

17 OD 2 3 2 3 2 3 2 2

18 OD 2 2 3 3 3 3 2 2

19 OS 3 3 2 3 1 1 2 2

OS: oculus sinister; OD: oculus dexter; Sag: sagittal; Ax: axial.
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MRI protocol

All MRIs were performed at a 3T MRI (wide bore Ingenia 3T, Philips Healthcare, Best, The 
Netherlands), using the setup we developed to scan the eyes of UM patients as described 
in reference [19]. A 4.7 cm surface receive coil (Philips Healthcare, Best, The Netherlands) 
was used, and the head was supported by a radiotherapy support (MaxSupportTM, Medeo, 
Schöftland, Switzerland). All patients were asked to close their eyes and try to minimize their 
eye movements. The eyelids of the patients with eyelid tumors were covered with wet gauze 
to reduce the susceptibility artifacts due to the tissue-air interface. 
In Group 1 patients, for the evaluation of the healthy eyelid anatomy, the 2D multi-slice (MS) 
sequences, with 2 mm thickness and an in-plane resolution of at least 0.5 x 0.5 mm2 were 
used [19]. These included T1 (TE/TR:8/718 ms) and T2 (TE/TR:90/1331 ms) weighted-images 
(WI) and a contrast-enhanced T1-WI (8/764 ms) with spectral presaturation with inversion 
recovery (SPIR) fat signal suppression. For the analysis of the eyelid anatomy, both sagittal and 
axial sequences, perpendicular to the eyelid axis, need to be acquired. However, since these 
scans were primarily acquired to assess the UM, only one of the orientations was available.
Based on the dedicated eye MRI protocol we use for UM patients [19], an optimized protocol 
for eyelid tumors was developed and used for the evaluation of Group 3 patients. Details 
of the dedicated eyelid MRI protocol were addressed in Table 4. In this protocol, a 3D T2-
weighted scan was performed first and was used as an anatomical reference. Secondly, 2D 
multi-slice (MS) anatomical sequences were acquired in the sagittal and axial planes, both 
perpendicular to the main eyelid axis at the level of the tumor. These 2D MS scans consisted of 
T1-weighted and T2-weighted images, both with and without SPIR fat signal suppression and 
contrast-enhanced T1-weighted images with SPIR fat signal suppression. Finally, functional 
sequences were acquired, including diffusion-weighted imaging (DWI) and a dynamic 
contrast enhanced (DCE) scan with fat signal suppression. The DWI was performed in the 
sagittal and axial planes, both perpendicular to the main axis of the eyelid at the level of the 
tumor, while the DCE was acquired in the axial plane but not necessarily perpendicular to 

Table 3. Group 3 patients’ data regarding pathologic eyelid, clinical tumor localization, final pathology, 
presence of septum invasion and presence of tarsal invasion.

Patient Pathologic 
Eyelid

Tumor Localization 
(Clinical)

Pathology Septum Invasion 
(Imaging)

Tarsal Invasion 
(Imaging)

1 OS Medial inferior eyelid 
palpebral and bulbar 
conjunctiva

SCC Yes Yes 

2 OD Medial inferior and superior 
eyelid skin

SCC No Suspected  

3 OS Superior eyelid palpebral 
conjunctiva

MM No 
(tumor not seen)

No 
(tumor not 
seen)

OS: oculus sinister; OD: oculus dexter; SCC: squamous cell carcinoma; MM: melanotic melanoma.
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the main axis of the eyelid at the level of the tumor. The susceptibility artifacts at the outer 
eyelid interface were not completely removed by the wet gauze. Therefore, localized volumetric 
shimming was applied for the patients of Group 3. 

CT protocol

All CT scans in all Group 2 patients and in patient #1 from Group 3 were performed at a 
Toshiba Aquilion ONE 320. Volumetric acquisitions of the face, orbits, or paranasal sinuses 
were acquired, therefore, all including the orbits, without contrast, using the following 
parameters: a scan range from 40 to 160 mm, 1 rotation per 0.5 seconds, a reconstruction 
field of view (FOV) ranging from 171 to 227 mm but mostly of 220 mm, a FC02, FC07, or 
FC08 filter and a FC30 filter, 120 kV tube voltage, a tube current ranging from 140 to 244 
mA but mostly of 200 mA, and a CTDI volume from 12.4 to 15.9 mGy measured on a 16 
cm phantom. The normal eyelid anatomy in Group 2 was evaluated using 1 mm soft tissue 
reconstructions both on the axial and sagittal planes perpendicular to the main axis of the 
eyelid. On patient #1 from Group 3, the evaluation of the bones was performed using 0.5 mm 
bone reconstructions both on the axial and coronal planes. 

Image analysis

Images were evaluated by a Neuro and Head and Neck Radiologist with more than 20 years 
of experience and by a Neuroradiologist-in-Training with 4 years of experience. 
In Group 1, normal eyelid anatomy on MRI was assessed in a total of 38 eyelids (19 superior 
eyelids and 19 inferior eyelids). This was evaluated on the axial plane in 53% of the cases and 
on the sagittal plane in 47% of the cases. In Group 2, normal eyelid anatomy was evaluated 
on CT in a total of 38 eyelids (19 superior eyelids and 19 inferior eyelids), both in the sagittal 
and axial planes. These MRI and CT images were compared with histologic slices of normal 
eyelids. Particular attention was paid to the identification of the superior and inferior tarsal 
plates and superior and inferior orbital septa, for which a score was created: 1: Not identified; 
2: Ill-defined; 3: Well-defined; NA: Non-applicable—in cases where the structure was not 
included in the available slices (Table 1; Table 2). 
In the 3 patients with different eyelid tumors, Group 3, the tumor localization, and invaded 
adjacent structures, with special attention for the tarsal plate and orbital septum, were assessed 
on both sagittal and axial planes and compared with the histopathologic examination after 
surgery (Table 3). Additionally, in one patient, the standard orbit protocol was compared with 
the dedicated eyelid protocol. 
The final decision regarding the evaluation in all 3 groups was achieved by consensus.
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RESULTS

In Groups 1 and 2, we evaluated normal eyelid anatomy on MRI and CT, respectively. On 
MRI, this was best achieved on the T1 and T2 sequences without fat suppression and without 
contrast. All eyelid layers could be identified, except for the tarsal muscles on CT and for the 
conjunctiva both on CT and MRI. The skin was isointense or slightly hyperintense to muscle 
on T1-WI and T2-WI and isodense on CT. Behind the skin, the layer with loose connective 
tissue had fat signal intensity and density on MRI and CT, respectively, not always being 
visualized on CT. The orbicularis oculi muscle was well recognized on MRI [17] and CT and 
seen extending peripherally beyond the edge of the anterior orbital rim. The second layer 
of loose connective tissue lying behind the orbicularis oculi muscle had the same imaging 
characteristics as the first connective tissue layer. The fifth layer of each eyelid was formed 
centrally by the tarsal plate and peripherally by the orbital septum. The superior and inferior 
tarsal plates appeared as a posterior concave or crescent-shaped line with several dots with 
signal intensity [15] and density of fat on MRI and CT, respectively, due to the sebaceous 

Fig. 2. 
A-D - Normal eyelid anatomy on the sagittal plane on MR T1-WI (A) and T2-WI (B), on CT (C), and on pathology 
(D) (1x) obtained from an orbit exenteration with skin preservation.
E-G - Normal eyelid anatomy with increasing age changes on the sagittal plane on MR T1-WI (E) and T2-WI (F), and 
on CT (G). Notice the anterior protrusion of the orbital fat of the inferior eyelid (yellow asterisk), often occurring in 
older people. Further notice the uveal melanoma (blue asterisk), located inferiorly, at E and F.
Purple arrow: palpebral fissure; green arrowhead: skin; pink arrowhead: first layer of loose connective tissue; orange 
arrow: orbicularis oculi muscle; yellow arrowhead: second layer of loose connective tissue; yellow arrow: superior 
and inferior tarsal plates; blue arrow: superior and inferior orbital septa; pink arrow: superior tarsal muscle; brown 
arrow: conjunctiva; purple arrowhead: levator palpebrae aponeurosis; red arrow: levator palpebrae muscle; grey 
arrow: superior rectus muscle; white asterisk: inferior oblique muscle; green arrow: inferior rectus muscle; yellow 
asterisk: inferior eyelid fat protrusion; blue asterisk: uveal melanoma.
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content of the meibomian glands. Although this characteristic pattern with several dots was 
more readily visible on MRI, it can be recognized on CT. On MRI, the superior and inferior 
orbital septa appeared as hypointense on T1-WI and hypointense on T2-WI, contrasting with 
the surrounding hyperintense fat [2,13]. On CT, they were hyperdense, in opposition to the 
adjacent hypodense fat. The sixth layer of the eyelids consists of the tarsal muscles, identified 
on MRI [2,17] and not identified on CT. The most posterior layer of the eyelid, the conjunctiva, 
was not seen either on MRI or on CT (Figures 2–4).
In Group 1, the visibility of the superior and inferior tarsal plates and orbital septa was scored 
on MRI (Table 1). Both the superior and inferior tarsal plates were identifiable in 94% of the 
subjects, being the superior tarsal plate well-defined in 78% and the inferior tarsal plate well-
defined in 67% of the subjects. The superior tarsus was easier to identify on the axial plane. 
The inferior tarsus was equally well visible on the axial and sagittal planes (Figure 2A, 2E–F, 
and Figure 3A–D). The superior septum was always visible, being well-defined in 92% of the 
subjects. The inferior septum was visible in 91% of the subjects, but it was well-defined in only 
36% of the subjects. The superior and inferior septa were easier to identify on the sagittal plane 
(Figure 2A–B, E–F, and Figure 4A–D). Orbital septa and tarsal plates were more difficult to 
identify when the slices were not acquired perpendicular to the main axis of the eyelid, and 
when movement artifacts were present. In Group 2, and similarly to Group 1, the superior and 
inferior tarsal plates and orbital septa were scored (Table 2). The superior tarsus was always 
visible, being well-defined in 63% of the subjects. The inferior tarsus was visible in 84% of 

Fig. 3. 
A, B and E- Normal superior tarsal plate (yellow arrow) on the axial plane on MR T1-WI (A), T2-WI (B), and on 
CT (E). Notice, at A and B, the uveal melanoma with associated retinal detachment, impossible to differentiate on 
non-contrast enhanced sequences.
C, D and F- Normal inferior tarsal plate (yellow arrow) on the axial plane on MR T1-WI (C), T2-WI (D), and on 
CT (F).
Yellow arrow: superior and inferior tarsal plates; green dashed arrow: lateral palpebral ligament region; white dashed 
arrow: medial palpebral ligament region; blue asterisk: uveal melanoma; pink asterisk: retinal detachment.
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the subjects and was well-defined in 53% of the subjects. Both the superior and inferior tarsal 
plates were better depicted on the axial plane than on the sagittal plane (Figure 2G and Figure 
3E and F). The superior septum was visible in 89% of the subjects and well-defined in 47% of 
the subjects. The inferior septum was visible in 68% of the subjects, but well-defined only in 
11% of the subjects. The superior and inferior septa were easier to identify on the axial plane 
(Figure 2C and G and Figure 4E and F) than on the sagittal plane. 
In Group 3, tumor extension of 3 patients with different eyelid tumors was determined through 
image analysis, both on MRI and CT. The MRI of patient #1 was performed with the dedicated 
eyelid protocol. It showed a heterogeneous enhancing lesion of the medial aspect of the inferior 
eyelid on the left (Figure 5). The inferior tarsal plate (Figure 5A–B, D and F) and inferior septum 
(Figure 5A–B and F) were invaded, and so was was the medial palpebral ligament region (Figure 
5D–E). The tumor grew posteriorly, invading the orbit and reaching the region of the insertion of 
the inferior rectus muscle at the globe (Figure 5A–C). Due to the location of the tumor, adjacent 
to the medial orbital bony wall, a CT scan was also performed, but no bone invasion was noticed 
either on CT or on MRI. CT was able to demonstrate septal and orbital invasion as well, but 
underperformed compared to MRI and could not depict tarsal invasion. Due to the presence of 
orbital invasion, both clinically and radiologically, an eyelid-skin sparing orbital exenteration 
was performed. The final histopathological examination revealed a well-differentiated squamous 
cell carcinoma at the epithelium of the palpebral conjunctiva, growing anteriorly invading the 
septum and posteriorly into the intraorbital fat, surrounded by a diffuse inflammatory infiltrate. 
No perineural or angioinvasive extension was seen (Figure 5H–I). 

Fig. 4. 
A, B and E - Normal superior orbital septum (blue arrow) on the axial plane on MR T1-WI (A), T2-WI (B), and on 
CT (E).
C, D and F- Normal inferior orbital septum (blue arrow) on the axial plane on MR T1-WI (C), T2-WI (D), and on 
CT (F).
Blue arrow: orbital septum; red asterisk: lacrimal gland.
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Fig. 5. 
A-I - Patient #1 of Group 3 with a squamous cell carcinoma (SCC) of the left inferior tarsal and bulbar conjunctiva 
(dedicated eyelid protocol).
A-C - Sagittals T1-WI (A), T2-WI (B) and contrast-enhanced T1-WI with fat signal suppression (C) showing the 
tumor (blue dashed arrow) invading the orbit and reaching the region of insertion of the inferior rectus at the globe.
D-G - Axials T1-WI (D and F) and contrast-enhanced T1-WI with fat signal suppression (E and G) at the level of 
the inferior eyelid (slices D and E are superior to slices F and G). Notice the tumor (blue dashed arrow) invading the 
medial inferior tarsal plate (yellow arrow) and medial palpebral ligament region (white dashed arrow) (D and E), 
and inferiorly growing behind the septum limit (blue arrow) (F and G).
H-I - Pathology hematoxylin and eosin stain (H&E) (0,5x) (H) and pathology H&E stain (5x) (I). Notice the tumor 
(blue dashed arrow) at the epithelium of the palpebral conjunctiva growing anteriorly invading the septum and 
posteriorly into the intra-orbital fat (H).  Well-differentiated SCC (I).
Blue dashed arrow: tumor; orange arrow: orbicularis oculi muscle; yellow arrow: superior and inferior tarsal plates; 
blue arrow: superior and inferior orbital septa; white dashed arrow: medial palpebral ligament region; yellow star: 
intra-orbital fat; white arrowhead: superior transverse ligament (Whitnall ligament); red arrow: levator palpebrae 
muscle; grey arrow: superior rectus muscle; white asterisk: inferior oblique muscle; green arrow: inferior rectus 
muscle.
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In patient #2, initially, a MRI with a standard orbit protocol was performed, followed four days 
later by a MRI with a dedicated eyelid protocol (Figure 6). Both showed an enhancing lesion 
at the medial aspect of the inferior right eyelid. With the dedicated MRI protocol invasion of 
the inferior tarsal plate and medial palpebral ligament region was suspected (Figure 6A–C). 
The relation of the tumor with the inferior tarsal plate was much more difficult to assess 
with the standard orbit protocol (Figure 6D–F). The medial wall of the orbit was intact on 
MRI. Tumor excision was performed with direct defect closure. The final histopathological 
examination revealed a good/moderately differentiated squamous cell carcinoma of the skin 
of the eyelid, with free surgical excision margins. No perineural or angioinvasive extension 
was found (Figure 6G–H).
In patient #3, the MRI with a dedicated eyelid protocol (Figure 7) showed post-surgical changes 
at the medial inferior left eyelid (not shown), due to resection of a melanotic melanoma of the 
bulbar conjunctiva of the medial inferior eyelid, performed 4 weeks earlier. MRI failed to show 
the residual/recurrent tumor at the palpebral conjunctiva of the superior left eyelid, depicting 
intact tarsal plate and orbital septum (Figure 7A–C). The second surgery included removal 
of the total palpebral conjunctiva, tarsal plate, and margin of the upper eyelid, preserving 
the upper eyelid skin and part of the orbicularis muscle. Histopathology showed epithelioid 
cell melanoma confined to the conjunctival epithelium, with free margins (Figure 7D–F). 
Further surgery was then performed one week later with eyelid reconstruction using a free 
tarsoconjunctival graft from the contralateral eyelid. 

DISCUSSION

Staging of an eyelid tumor is based on the TNM classification and is a critical element in 
determining the appropriate treatment, a key factor defining prognosis, and will assist in 
the evaluation of the results of the treatment [8,9,21,22]. Regarding eyelid tumors, different 
T-stagings are applied depending on the type of tumor and on the layer of origin of the 
tumor within the eyelid. Eyelid carcinomas, including the basal cell carcinoma, squamous 
cell carcinoma, sebaceous carcinoma, and other rare carcinomas such as all varieties of 
sweat gland carcinoma, have a T-staging. Eyelid melanomas, depending on whether they 
arise within the skin or the conjunctiva, are staged according to the classification for skin 
melanoma or conjunctival melanoma, respectively. Merkel cell carcinoma is staged using the 
Merkel cell carcinoma staging system. These different T-stagings encompass determination 
of tumor dimensions and evaluation of nearby structures’ invasion, namely the tarsal plate, 
orbital septum, orbit, globe, lacrimal sac/nasolacrimal duct, orbital walls, paranasal sinuses, 
and the brain [8,9]. Both dimensions and evaluation of nearby structures’ invasion are not 
always possible through physical examination alone [6,23], with imaging needed for an 
accurate assessment [9]. On the one hand, according to the American Joint Committee on 
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Fig. 6. 
A-H - Patient #2 of Group 3 with a SCC of the skin of the right medial inferior eyelid. Comparison between a 
dedicated eyelid MRI protocol with a standard orbit MRI protocol and with pathology.
A-C – Dedicated eyelid protocol with axials T1-WI (A), T2-WI (B) and contrast-enhanced T1-WI with fat signal 
suppression (C) at the level of the inferior eyelid, showing the tumor (blue dashed arrow) involving the medial corner 
of the eye, with dubious involvement of the inferior tarsal plate (yellow arrow).
D-F – Standard orbit protocol with axials T1-WI (D), T2-WI (E) and contrast-enhanced T1-WI with fat signal 
suppression (F) at the level of the inferior eyelid. Notice the much more difficult identification of the inferior tarsal 
plate (yellow arrow) and its relation with the tumor (blue dashed arrow).
G and H - Pathology H&E stain (0,5x) (G) and pathology H&E stain (5x) (H). There was no slice available containing 
simultaneously the tumor and the tarsal plate and therefore it was difficult to evaluate tarsal invasion by the tumor. 
Notice that on G the left slice includes normal tarsal plate tissue (yellow arrow) but no tumor is seen, while the right 
slice shows the exophytic tumor (blue dashed arrow) arising from the skin but no tarsal plate tissue is seen. Skin cell 
proliferation compatible with good/moderately differentiated SCC (H).
Blue dashed arrow: tumor; green arrowhead: skin; yellow arrow: tarsal plate; brown arrow: conjunctiva; orange 
arrowhead: eyelid margin.
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Cancer (AJCC) Cancer Staging Manual Eighth Edition [9], T-staging of eyelid tumors is 
assessed through clinical evaluation and/or after biopsy, but with imaging also playing a 
role in specific situations to assess invasion of the orbit, of the periorbital structures, and 
perineural spread. On the other hand, according to the Union for International Cancer 
Control (UICC) TNM Classification of Malignant Tumours Eighth Edition [8], T-staging 
of eyelid malignancies is assessed only by physical examination or after excision, with no 
mention of imaging. Although the AJCC considers imaging in some situations regarding the 
T-staging of eyelid carcinomas and conjunctival melanomas, imaging evaluation of the tarsal 
plates and orbital septa is never specifically mentioned [8,9]. 
While imaging characterization of orbital tumors often includes mention of the integrity of the 
globe, orbital bone walls, paranasal sinuses, and the brain [24–27], one seldom finds references 
to the eyelid [2,17,18]. To evaluate tumoral invasion of the eyelid structures, in particular of 

Fig. 7. 
A-F - Patient #3 of Group 3 with a melanotic melanoma of the left superior tarsal conjunctiva (dedicated eyelid 
protocol).
A-C – Sagittals T1-WI (A), T2-WI (B) and contrast-enhanced T1-WI with fat signal suppression (C). It is not possible 
to visualize the tumor as it is too superficial in the conjunctiva.
D-F - Pathology H&E stain (1x) (D), pathology Melan-A stain (1x) (E) and pathology Melan-A stain (40x) (F). Notice 
the epithelioid cell melanoma (blue dashed arrow) confined to the conjunctiva epithelium.
Blue dashed arrow – tumor; purple arrow: palpebral fissure; green arrowhead: skin; orange arrow: orbicularis oculi 
muscle; yellow arrow: superior and inferior tarsal plates; blue arrow: superior and inferior orbital septa; orange 
arrowhead: eyelid margin; red arrow: levator palpebrae muscle; grey arrow: superior rectus muscle; white asterisk: 
inferior oblique muscle; yellow asterisk: inferior eyelid fat protrusion.
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the tarsal plate and orbital septum, which have important therapeutic implications [28,29], 
accurate knowledge of the complex eyelid anatomy is, therefore, required.
Normal eyelid anatomy has scarcely been a subject of published material, both in MRI [2,11–
17] and CT. To our knowledge, there has been no publication addressing this subject on CT. 
For the correct analysis of MR and CT data, sagittal and axial images should be obtained, 
perpendicular to the main eyelid axes. A standard orbit MRI protocol, acquired with a head 
coil, has a suboptimal resolution, as shown in patient #2 of Group 3, and, therefore, a dedicated 
eyelid MRI protocol should be employed. One of the main elements of such a protocol is the 
use of a surface coil, which allows for high-resolution imaging, with an in-plane resolution of 
<0.5x0.5mm2. On CT, a slice thickness reconstruction of 1 mm is suitable for the evaluation 
of the eyelids. 
Our evaluation showed that all eyelid layers could be identified, except for the tarsal muscles 
on CT and for the conjunctiva both on MRI and CT. 
Evaluation of invasion of the tarsal plate and the orbital septum is part of the T-staging of most 
eyelid tumors, and their invasion has direct therapeutic implications. On the one hand, in a 
tumor confined to the eyelid, which is treated with local resection and reconstructive surgery 
[6,28,30], knowledge about the presence of tarsal invasion preoperatively is indispensable in 
planning surgical reconstruction, and adequate information cannot be obtained solely by 
physical examination. On the other hand, when the orbital invasion is present, an orbital 
exenteration must be considered [27,29,31]. Notice that in tumors arising from an eyelid 
layer in front of the orbital septum, such as tumors of the skin of the eyelid, orbital invasion 
occurs via invasion of the orbital septum, while tumors of the conjunctiva will have direct 
access to the intraorbital contents since the conjunctiva is located behind the septum limit. 
Although orbital invasion can be suspected clinically, for example, when signs of eye muscle 
involvement, such as strabismus or diplopia [30,32], are present, image-based evaluation is 
necessary, especially in case of non-clinical suspected orbital invasion [25,32]. The recognition 
of the tarsal plates and orbital septa, both on MRI and CT, is, therefore, crucial in order to 
evaluate whether they are invaded by an eyelid tumor and, therefore, their visualization on 
MRI and CT was scored. Although MRI has a higher soft-tissue resolution, the results using 
CT were positively surprising. 
Regarding the tarsal plates, our results show that they are visible most of the time on both CT 
and MRI, although with a better definition on MRI. The superior tarsal plate was visible in 
94% of the subjects on MRI and was always visible on CT. This was probably due to the fact 
that the patients of Group 1 were not scanned specifically to assess the eyelids, resulting in 
suboptimal MR-images for their evaluation, with only either axial or sagittal images available 
and not always perpendicular to the main axes of the eyelid. On the contrary, on CT, both 
axial and sagittal reformats perpendicular to the main axes of the eyelid were available. The 
inferior tarsal plate was always easier to depict on MRI, even when suboptimal MR-images 
were used. Axial planes should be chosen over sagittal planes to identify the tarsal plates, with 
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the superior tarsal plate being more readily recognizable due to its larger size. The superior and 
inferior tarsal plates continue laterally to the orbital bone rim as medial and lateral palpebral 
ligaments, both possible to identify on MRI [13,14] (Figure 3A–B). 
Regarding the orbital septa, our results show both to be mostly visible on MRI and CT, but a 
better definition was generally achieved on MRI. The superior and inferior orbital septa were 
easier to identify on the sagittal plane on MRI, while on CT, their identification was easier 
on the axial plane. Both on MRI and CT, the inferior septum is more difficult to see than 
the superior septum. This is not only due to its smaller size, but also because the shape of the 
inferior orbital septum changes with aging [33,34], with the protrusion of the intraorbital fat 
anteriorly displacing the inferior septum against the orbicularis oculi muscle and making it 
difficult to tell them apart (Figure 2E–G). 
The literature on eyelid tumors mentions the role of imaging, either MRI or CT, mainly 
in large tumors in which orbital invasion is present [25,30]. With this work, we were able 
to demonstrate the potential use of MRI, and to a lesser extent of CT, in the identification 
of tumor invasion of small anatomical structures in the eyelid, important in the TNM 
classification, such as the tarsus and the orbital septum, which are not clinically accessible. 
Because of its superior soft-tissue contrast and spatial resolution, MRI is the modality of 
choice to evaluate the extension of an eyelid tumor. Moreover, with MRI, diffusion, and 
perfusion-weighted imaging will help to differentiate between the malignant tumor and 
potentially surrounding inflammation. The use of a surface coil is optimal for the evaluation 
of tumor extension in the eyelid, but also for the invasion of adjacent structures by an eyelid 
tumor. Although surface coils are less suitable for assessing the deeper aspect of the orbit, 
such as the orbital apex, imaging thereof is generally not necessary in the context of an eyelid 
tumor. The perineural spread is the exception, and, ideally, an axial contrast-enhanced T1-
weighted with fat signal suppression using a head coil should be performed in order to image 
the orbital apex and cavernous sinus adequately. Additionally, because part of the contralateral 
eyelid is sometimes used to reconstruct the eyelid where the tumor had been resected [7], an 
additional axial T1-WI from the contralateral normal eyelid could also be acquired to aid 
with the surgery planning. These images could furthermore be used as a reference to better 
interpret the pathologic side. CT should mainly be used as a complementary technique in 
the evaluation of bone invasion [24,27,34]. In cases where MRI cannot be performed, CT has 
some potential in the evaluation of tumor extension, as it allows for the visualization of most 
of the eyelid structures, although further studies are needed to fully establish the clinical 
value of CT for eyelid tumors.
In this study, we assessed the usefulness of MRI and CT images in the delineation of eyelid 
tumors and their relation to the surrounding eyelid structures, by confronting image data of 
three patients with surgical findings and histopathology. The MR-images of patient #1 showed 
invasion of the inferior tarsal plate, inferior septum, and orbit as far dorsally as the insertion 
of the inferior rectus muscle at the globe. While septum and intraorbital invasion could also 
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be visualized on CT, the tarsal invasion was not evident. Histopathology confirmed both the 
septum and orbital invasion, but the tarsus invasion was not accessed and, therefore, could 
not be confirmed but also not excluded. That is because although with MRI the whole tumor 
is evaluated, histopathology slices can only be made in one plane, mainly planned to evaluate 
whether free surgical margins exist, not always matching those of imaging and not covering 
the whole tumor. As a result, on the evaluation of whether a specific eyelid structure is invaded 
by the tumor, histopathology can only act as the gold standard when positive, while when 
histopathology findings are negative, they do not necessarily invalidate MRI findings. Based 
on the MRI of patient #2, invasion of the inferior tarsal plate was suspected. This could not 
be confirmed on histopathology, again due to the lack of spatial correlation between imaging 
and histologic slices. The MRI of patient #3 did not show the tumor, clinically located at 
the palpebral conjunctiva of the superior eyelid, meaning that the superior tarsal plate and 
superior septum were intact. Histopathology confirmed that the tumor was superficial and 
confined to the conjunctival epithelium.
When evaluating CT or MR-images with eyelid tumors, radiologists must be familiar 
with both the complex eyelid anatomy and its imaging and with criteria in tumor staging. 
Moreover, the tumor location must be known before the MRI-exam, by seeing either the 
patient or the patient’s photograph, in order to correctly plan the adequate MRI scans, as 
these small lesions are often not visible on the low-resolution images that are used to plan the 
higher resolution acquisitions. As in other areas of medicine, a multidisciplinary approach 
should be encouraged, as contributions from both radiologists and ophthalmologists may 
lead to better information gathering needed in treatment planning, with a positive impact 
on the patient’s outcome.
Our study has some limitations. First, the evaluation of the healthy eyelid anatomy was done 
retrospectively, thus a dedicated eyelid MRI protocol was not used. As a result, only one 
single orientation, either sagittal or axial, was available, and these slices were sometimes not 
planned perpendicular to the main axes of the eyelid. Furthermore, some technical aspects 
of the dedicated eyelid protocol, such as the localized shimming, have not been applied to the 
patients of the healthy eyelid group. Secondly, the local extension of eyelid tumors was only 
evaluated on three patients. Finally, an accurate correlation between tomographic imaging 
and histopathological examination is not always possible.

CONCLUSION

Despite the small size of the various components of eyelid anatomy and although imaging 
the eyelid is challenging due to susceptibility and motion artifacts, the delineation of most of 
the eyelid structures is possible with an optimized MRI protocol, and to a lesser extent with 
CT. MR imaging is, therefore, important for the assessment of tumor invasion of the tarsal 
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plate and orbital septum, having an important contribution to the T-staging of eyelid tumors, 
which may improve treatment planning and may have a positive impact on both patients’ 
short time morbidity and longtime outcome. 
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This thesis describes the development of dedicated high-resolution MRI protocols for 
evaluation of the eye and of the eyelid and their application in the characterization of uveal 
melanoma and of the eyelid anatomy. Furthermore, it focuses on the characterization of 
orbital inflammation on MRI and CT, its differentiation from orbital tumors and infection, 
and how to distinguish the most common orbital inflammatory diseases.

It is the result of almost a decade of close work between myself, as a radiologist, a physicist, 
radiology technicians, ophthalmologists, pathologists, other radiologists, radiation 
oncologists, clinical scientists from Philips and other PhD students from different disciplines. 

Solving clinical problems lies at the heart of the research described in this thesis, therefore this 
research improved the diagnosis and treatment of specific disease entities, with a clear benefit 
for the patient. This can only be done properly within a multidisciplinary team, as we have. 
Hippocrates: 

“The health and well-being of my patient will be my first consideration”. 
In: last revision of the Declaration of Geneva (2017) (World Medical Association).

Radiology is continuously evolving and improving. It involves image interpretation, but also 
the improvement of image quality and the development of new techniques and for the latter, 
radiologists need the help of physicists and of radiology technicians. In our research group, 
a physicist together with a radiology technician developed the high-resolution MR images, 
in collaboration with the radiologist, but tailored to the clinical needs understood during the 
close work between the different medical specialties. The different input from the different 
medical specialties, complementing each other, is of utmost importance.
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5.1 UVEAL MELANOMA

Eye MRI protocol

Despite the challenges of susceptibility artefacts and eye motion when imaging the eye with 
MR, good quality multiparametric MR images of the eye and UM can be obtained. 

In chapter 2.1 an eye 3T MRI protocol was developed. First, several different sequences were 
performed in 9 uveal melanoma patients, at 3T using an eye-coil. These sequences included 
multi-slice (MS) sequences with 1 and 2 mm, 3D turbo spin-echo (TSE) sequences with 0.8 
and 1 mm, 3D turbo field-echo (TFE) sequences with 0.8 mm, non-EPI TSE DWI with 2.4 
mm and b values of 0, 400 and 800 s/mm2 and apparent diffusion coefficient (ADC), and a 
dynamic contrast enhanced (DCE) sequence with 1.5 mm and a temporal resolution of 2 
sec. In-plane images were evaluated for general image quality, contrast, identification of the 
sclera and tumor limits and differentiating the tumor from retinal detachment. The isotropic 
sequences were evaluated regarding geometrical accuracy and identification of the sclera. 
The DWI sequences were evaluated in terms of signal-to-noise ratio (SNR), distortion and 
contrast resolution. The quality of the DCE curves was assessed, in particular with respect to 
eye motion and consequent misregistration artefacts. After evaluation of all these sequences 
a dedicated eye MRI protocol was designed. This clinical protocol consisted of MS 2 mm 2D 
sequences (T1, T1 with fat signal saturation after contrast and T2) and a non-EPI TSE DWI 
(b values of 0 and 800 s/mm2) and ADC, acquired perpendicular to the main axis of the 
tumor. It also included isotropic 3D TSE sequences (T1, T1 with fat signal saturation before 
and after contrast and T2) and a DCE sequence, acquired on the axial plane non-angulated. 
The MS 2 mm 2D sequences have the highest in-plane resolution and are therefore the best 
for lesion characterization and local extension evaluation. The isotropic 3D TSE sequences 
allow retrospective reformatting in all directions and 3D reconstructions, and are essential to 
assess tumor geometry and accurate size measurements. The DWI and PWI sequences aid in 
the differential diagnosis, and potentially, provide prognostic information, predict treatment 
response and permit earlier assessment of tumor response to radiotherapy than US. Overall, 
this dedicated eye 3T MRI protocol provides high resolution MR-images of UM, crucial to 
improve its diagnosis, treatment planning and follow-up, and moreover it can also be used 
for other ocular lesions.

Before starting evaluating UM at 3T, we assessed them at 7T MRI because of its high-field 
strength, for which we had also developed an eye 7T MRI protocol. Our research group 
prospectively compared the diagnostic performance of 7T and 3T to evaluate the eye and UM. 
On one hand, with 7T the highest quality images could be obtained under optimal conditions. 
On the other hand, severe artefacts making an exam undiagnostic are more common (2D 
sequences of diagnostic quality on 69% on 7T, compared to 99% on 3T). On average, 2D MS 
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sequences image quality was better on 3T compared to 7T, and 3D SE sequences image quality 
and measuring tumor dimensions, were comparable between 3T and 7T [1]. 

Furthermore, our research group developed, both for 3 and 7 T, an eye silicon oil MRI 
protocol as an extension of the eye MRI protocol. This protocol corrects for the strong off-
resonance effects caused by the silicon oil (SiOil) tamponade in patients after vitrectomy. 
Since the presence of intraocular SiOil prevents US imaging, these patients would generally be 
enucleated, as diagnosis, treatment planning and subsequent follow-up would be impossible. 
This dedicated protocol made possible for some patients with UM in eyes with silicon oil to 
save their eye and vision [2].

Finally, our research group developed, together with the HollandPTC, an eye pre-proton 
beam therapy 3T MRI protocol, for accurate measurement of the clip-tumor distances. In 
ocular proton beam therapy, 2.5 mm tantalum clips are surgically sutured near the UM 
border for clinical target volume marking. Conventionally, the clip-tumor distances are 
assessed peroperatively using transillumination, indentation and/or fundoscopy. The 
protocol developed permits the assessment of the clip-tumor distances with MRI and our 
research group retrospectively evaluated it on 23 UM patients. Moreover, the eye biometry 
was evaluated with MRI and compared with conventional ophthalmic measurements. MRI 
turned out to be less accurate on the evaluation of the clip-tumor distances in case of flat 
UM, because the limits of these tumors are more difficult to determine on MRI. However, 
MRI was more reliable on the evaluation of the eye length, and on measuring the clip-tumor 
distances of anterior located and mushroom shaped tumors. MR imaging of these patients 
will result in more accurate target definition, thereby possibly reducing toxicity and improving 
probability to retain vision [3]. Although we were the first center to include an MRI for all 
ocular proton therapy patients, more centers are now including MRI in their workflow and 
using protocols which are based on ours [4].

MR imaging characteristics of uveal melanoma

In chapter 2.2 the MR imaging anatomical and functional characteristics of 42 uveal 
melanomas were assessed, MR features were compared with fundoscopy and ultrasound, 
and on 14 enucleated cases with histopathology. 
UM with complex tumor-shapes, such as a mushroom configuration, should be recognized 
because they would benefit from special attention at the radiotherapy planning. This study 
showed the importance of the multiplanar reconstructions for its recognition and was 
consistent with the known fact that the mushroom configuration of a UM is associated with 
breaks in Bruch’s membrane. Tumor pigmentation is important in the differential diagnosis 
with other intraocular masses and it may have prognostic significance [5], although the latter 
warrants further analysis [6]. A significant relationship between the signal intensity on T1 
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and pigmentation on histopathology was found (p=0.024). T1-hyperintense UM were always 
moderately or strongly pigmented on histopathology, while T1-hypointense UM were either 
pigmented or non-pigmented. This is valuable because the assessment of tumor pigmentation 
with fundoscopy is not representative in the case of heterogeneous UM and it may be difficult 
in case of retinal detachment. The ADC of the UM was 1.16 ± 0.26 x 10-3 mm2/s. Two-thirds 
of the UM had a wash-out and the remaining a plateau perfusion time-intensity curve (TIC) 
and the mean peak intensity of UM was 1.62. An increase of tumor ADC correlated with a 
plateau TIC (p=0.011). Both the presence of monosomy 3 and of extracellular matrix patterns 
“loops” are important determinants of poor prognosis and they frequently coexist. The study 
from Kamrava et al. found a significant correlation between monosomy 3 and perfusion 
values such as higher ktrans and ve [7]. Interestingly, in our study, it seems that UM with 
loops also tend to have different perfusion values than UM without loops, such as a shorter 
time to peak and a bigger peak intensity, consistent with the fact that extracellular matrix 
patterns are pseudovascular channels. Knowing the ADC and perfusion characteristics is 
valuable for the differential diagnosis with other intraocular masses. Furthermore, PWI looks 
promising on the identification of UM at higher risk of metastasis, which could serve as a 
substitute for histopathology in patients that undergo an eye-sparing treatment, but needs 
further investigation.
Assessment of tumor size is essential for the choice of treatment modality and planning 
of radiotherapy. MRI was limited in evaluating the basal diameter of flat tumors with a 
tendency to underestimate the size due to unclear tumor margins. In comparison to MR, US 
tends to overestimate tumor size, showing larger tumor prominence (0.5mm larger, p=0.008) 
and largest basal diameter (1.4mm larger, p<0.001). An increase of tumor prominence was 
associated with lower ADC values (p=0.030) and favored a wash-out TIC (p=0.028).
The local extension of a UM should be assessed so that it can be taken into account in the 
treatment plan. Moreover, the presence of extraocular growth and of optic nerve invasion is 
associated with an increased rate of orbital recurrence and poorer prognosis. MRI was good 
in diagnosing ciliary body involvement, extrascleral extension and optic nerve invasion, 
but contrarily to what has been previously reported, limited on identifying scleral invasion. 

MR imaging follow-up of UM after brachytherapy and proton beam therapy

Foti et al showed that in UM treated with proton-beam therapy, ADC variations precede 
volume changes, and early change in ADC value 1 month after therapy significantly correlated 
with tumor regression [8]. The value of DWI and PWI in the follow-up of UM after both 
brachytherapy and proton-beam therapy needs to be further evaluated, which our research 
group is currently doing. As preliminary results, PWI especially showed favorable changes 
before volume changes, enabling an earlier assessment of UM response to radiotherapy than 
US. This is reassuring both for the clinicians and for the patients.
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Clinical value and impact of MR imaging of UM

MRI enabled high quality images of the globe and UM. It is however more expensive than US 
and it seemed relevant to assess whether MRI would have an added economic value for UM 
treatment. Our research group therefore retrospectively evaluated on 60 patients whether 
the extra cost of an MRI generated economic benefit or change in optimal treatment. Tumor 
measurements are more accurate with MRI than with US and they are critical for the choice of 
treatment modality. Smaller tumors can be eligible for brachytherapy, while larger tumors will 
undergo more expensive treatments such as enucleation or proton beam therapy. Our study 
showed that, if only the costs of treatment are considered, an additional MRI is cost-effective 
for patients where there is doubt on the accuracy of US measurements, if the tumor appears 
to be slightly too large for brachytherapy, and in UM patients who cannot be evaluated with 
US and would otherwise undergo enucleation. In 10% of patients with intermediate tumor 
size MRI indicated a smaller tumor prominence than US, resulting in a change from PBT 
or enucleation to brachytherapy. This decreases the costs by €24,000, while the costs of MRI 
are €200-1000. Moreover, MRI adds value in terms of quality of care, as it enables for some 
patients to be afforded a treatment modality that spares more of their vision, the annual total 
economic burden of severe vision impairment associated with eye removal being €10.000 [9,3].

The LUMC is the National Reference Center for UM in The Netherlands, receiving 
approximately 220 UM per year [10]. The evaluation of UM with MRI brought several 
advantages and has changed clinical practice in our hospital. Before our research rarely a 
UM patient would receive an MRI before treatment. Nowadays we perform MRI in several 
circumstances. Firstly, whenever the ophthalmologist cannot evaluate an ocular mass, 
because something is obscuring the view on fundoscopy or US, either blood opacifying the 
ocular media or the presence of silicon oil. Secondly, whenever there is doubt about the 
diagnosis of UM. Thirdly, when there is doubt about measurements or local extension, as 
MRI is more accurate than US, in order to choose the best treatment. Fourthly, before PBT, 
pre-clips positioning mainly for accurate tumor and eye dimensions, post-clips placement for 
determination of the clip-tumor distances. Fifthly, in the early follow-up after brachytherapy 
and PBT in order to assess response to treatment, and we are currently evaluating the best 
time-point/indications. Sixthly, in the follow-up after enucleation, in particular when extra-
scleral extension was known to be present. Finally, in the follow-up of UM after treatment 
whenever eye or orbital recurrence is suspected. On average we scan 3 to 4 UM per week. 
Overall MRI increased the precision of UM treatment. 
Our eye 3T MRI protocol has also caught the interest of several other foreign centers, in 
Europe but also in the United States, and in collaboration with Philips, is now available online. 
Furthermore, our UM results will be part of the new edition of the WHO Classification of 
Tumours of the Eye Book.
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Future perspectives 

An important goal in ocular MR imaging in the near future is to further improve the 
differential diagnosis of ocular masses, where we expect MRI to have a pivotal role. We have 
evaluated the MR imaging characteristics of UM, the ones of retinoblastoma had already 
been assessed [11-16], but the MR imaging features of other common benign and malignant 
intraocular masses still need to be known and published, which we are currently investigating. 
Benign ocular lesions are expected to have higher ADCs [17] and mostly a progressive or 
plateau TIC at DCE, although functional evaluation of choroidal nevi can still be hampered 
by their very small size. In other intraocular malignant lesions, such as metastases and 
lymphomas, the main clues for the differential diagnosis are the lesion number, configuration 
and signal intensity. For example, in the study from Lemke et al. with 200 UM, no tumor had 
a flat-placoid shape [18], which is the predominant shape of ocular metastases. 
Additionally, 3D MRI-based ocular proton therapy treatment planning, without the need 
for tantalum clips placement, is desirable, and our research group is currently working on 
this [19].
Finally, the promising value of PWI on the identification of UM at higher risk of metastasis, as 
noticed both in our study and in the study from Kamrava et al [7]., needs further investigation, 
as it could serve as a substitute for histopathology in patients that undergo an eye-sparing 
treatment. To this end, we have recently further improved quantification of PWI, by correcting 
for eye-motion and the confounding effect of tumor pigmentation [20]. 

5.2 ORBITAL INFLAMMATION

In chapter 3.1 the CT and MR imaging characteristics of scleritis were retrospectively 
evaluated in 11 cases in which CT and/or MR imaging were performed during the active 
phase of the disease. The imaging findings of scleritis were scleral enhancement (100%) (may 
involve the whole sclera or be preferentially peripheral), scleral thickening (83%), and focal 
periscleral cellulitis (42%). MR imaging is the most useful examination in the diagnosis 
of scleritis, differentiating the sclera from the other ocular layers, but scleritis could also 
be accurately diagnosed on CT. Scleritis is almost invariably of inflammatory etiology – 
idiopathic, in the spectrum of idiopathic orbital inflammation (IOI), or in the context of a 
systemic disease. Infectious scleritis is rare. Scleritis can occur isolated or in association with 
other orbital abnormalities. It is important not to misdiagnose it for a tumor. Clues to the 
inflammatory (versus neoplastic) nature of the process include the presence of pain, cellulitis 
and the specific sclera location.

In chapter 3.2 a literature review was carried out regarding the imaging protocols and 
characteristics of orbital inflammation. MR imaging is the modality of choice for the 
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evaluation of orbital inflammation because of its superior soft tissue contrast and spatial 
resolution, as well as its ability to generate functional images such as diffusion and perfusion 
weighted imaging, crucial for distinguishing benign from malignant lesions. The specific 
radiological characteristics of inflammation affecting the various orbital structures, such 
as of scleritis, uveitis, dacryoadenitis, optic perineuritis and optic neuritis, myositis and 
orbital cellulitis, were described. Furthermore, the imaging characteristics of specific 
inflammatory diseases, such as of IOI, sarcoidosis, thyroid-associated orbitopathy (Graves 
Disease), Immunoglobulin G4-related Disease (IgG4 RD), granulomatosis with polyangiitis 
(Wegener granulomatosis), idiopathic sclerosing orbital inflammation (ISOI) and Erdheim-
Chester disease were presented. Finally, different imaging and clinical clues were combined 
in a decision tree, that will allow one to recognize an orbital solid enhancing lesion as 
inflammatory, and not as infection or tumor. Subsequently, we have shown that the orbital 
radiological pattern found can point to an underlying inflammatory disease or at least 
shorten its differential diagnosis. Overall, these considerations enable the treating physician 
to establish an adequate treatment and at times a biopsy can be avoided.

Clinical value and impact of MR imaging of orbital inflammation

Before this research into orbital inflammation, MRI was already the exam of choice both 
for orbital inflammation and for an orbital tumor, and the MRI protocol in LUMC already 
included DWI. But it did not include PWI, and at that time, we decided to add PWI to our 
orbit protocol. These studies, together with the experience gained with the use of PWI, gave 
us much more confidence to make the differentiation between the infectious, inflammatory 
and malignant nature of an orbital lesion. That changed clinical practice in our hospital. Since 
then, whenever the MRI characteristics of an orbital lesion are suggestive of inflammation, 
the clinical symptoms and laboratory results are consistent and if the lesion is not of easy 
access with biopsy, the ophthalmologists in LUMC will consider to start medical treatment 
without histopathological confirmation. This is less invasive for the patient and less costly.

Future perspectives

In differentiating a benign from a malignant orbital mass, the contribution of the DWI (ADC 
and IVIM) has been recently further investigated in a quantitative way [21,22], and so has 
the value of DCE [23-25]. However, the specific diffusion and perfusion characteristics of the 
different orbital tumors and orbital inflammation should still be a focus of attention, which 
will further help in the differential diagnosis of orbital masses.
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5.3 EYELID

In chapter 4.1 a retrospective evaluation of the normal eyelid anatomy, in terms of 
identification of the eyelid layers, on MRI and CT was performed, in 38 normal eyelids. 
Furthermore, tumor extension was assessed in three eyelid tumors and validated with 
histopathology. Despite the small size of the various components of eyelid anatomy and 
although imaging the eyelid is challenging due to susceptibility and motion artifacts, the 
identification of most of the eyelid structures is possible with an optimized MRI protocol, 
including the use of a surface coil, and to a lesser extent with CT. Axial planes should be 
chosen over sagittal planes to identify the tarsal plates, with the superior tarsal plate being 
more readily recognizable due to its larger size. The superior and inferior orbital septa were 
easier to identify on the sagittal plane on MRI, while on CT their identification was easier 
on the axial plane. Both on MRI and CT the inferior septum is more difficult to see than 
the superior septum. MRI is the modality of choice to evaluate the extension of an eyelid 
tumor due to the high resolution and with diffusion and perfusion weighted imaging helping 
to differentiate between the malignant tumor and potentially surrounding inflammation. 
A surface coil is optimal for the evaluation of tumor extension in the eyelid, but also for 
the invasion of adjacent structures by an eyelid tumor. CT should mainly be used as a 
complementary technique in the evaluation of bone invasion. The application of the image 
eyelid anatomy knowledge on the evaluation of eyelid tumors extension was limited, since 
only 3 patients were evaluated, and because an accurate correlation between imaging and 
pathology is not possible and therefore pathology cannot always act as the gold standard for 
the evaluation of the MRI findings. As the assessment of tumor invasion of the tarsal plate and 
orbital septum is not always possible through physical examination, imaging can contribute 
significantly to the T-staging of eyelid tumors, improving treatment planning and therefore 
will have a positive impact on both patients’ short-term morbidity and longtime outcome. 

Clinical value and impact of MR imaging of the eyelid

This research in the eyelid also changed clinical practice in LUMC. Previous to this research, 
an MRI was only made to check whether an eyelid tumor was invading the orbit. This study 
allowed a better understanding of the potential role of MRI in the evaluation of an eyelid 
lesion. In particular, we now know that most eyelid layers are visible on MRI, making the 
evaluation of the local extension of an eyelid tumor in the eyelid possible, which was previously 
impossible. It also made it possible to evaluate orbital invasion with more confidence. As a 
consequence, we more regularly perform MRI for evaluation of an eyelid tumor, to define its 
extension and sometimes for the diagnosis. Regarding the diagnosis, at the moment, the role 
of MRI is mainly to differentiate a benign from a malignant tumor, and only in a few cases 
being able to make the specific diagnosis. 

166290_Teresa Ferreira_BNW-8.indd   143166290_Teresa Ferreira_BNW-8.indd   143 24-04-2023   16:3124-04-2023   16:31



Chapter 5

144

Our MR images of the eyelid also caught the attention of foreign centers, with current interest 
in including them in the new edition of the WHO Classification of Tumours of the Eye book.

Future perspectives

The accuracy of MRI to evaluate the local extension of an eyelid tumor should be further 
assessed in a large group of eyelid tumors. 
Finally, a good characterization with MRI of the most common benign and malignant eyelid 
tumors seems also important, as occasionally, mainly in children, the diagnosis of an eyelid 
mass is the main question for the MRI. 

CONCLUSION

The work described in this thesis opened new perspectives in the diagnosis of several 
ophthalmologic pathologies, allowing for better treatment results and therefore contributing 
for the patient’s well-being. Moreover, together with the previous MR works on retinoblastoma 
[12], it made a step in the history of ophthalmologic imaging, as it brought MR-imaging of 
the eye and of the eyelid to the same level as the rest of the body. 
The increasing number of requests of ocular and eyelid MRI scans urge further 
subspecialization within neuroradiologists, as specific knowledge is required, also regarding 
ophthalmic imaging techniques, with close work with the ophthalmologists and related 
specialisms being warranted. Furthermore, it is important to further better combine the 
information radiologists get from MRI with the information the ophthalmologists get from 
the optical imaging techniques, in particular with fundoscopy and fluorescein angiography.
It is my wish to continue to deepen our knowledge of eye, eyelid and orbital imaging. The 
current MR images of the orbital segments of the optic nerves are suboptimal and could be 
focus of improvement, perhaps by extending our eyelid 3T MRI protocol. This protocol uses 
two surface coils which provide a better SNR posterior to the globe. However, similar to our 
eye 3T MRI protocol special attention will be needed for the eye movement artefacts. The 
eyelid 3T MRI protocol should subsequently be compared with our current orbit 3T MRI 
protocol, to check for added value in terms of SNR, but also to evaluate whether sufficient 
resolution is achieved at the level of the cavernous sinuses. An improved MRI protocol, 
together with further knowledge of specific diffusion and perfusion characteristics of the 
different orbital tumors and orbital inflammation, would further help in the differential 
diagnosis of orbital masses.
It is also my wish to continue to disseminate our knowledge, so that worldwide other centers 
can improve their clinical practice in this area. Ideally, international workgroups could be 
created to improve imaging protocols and develop best practices regarding the diagnosis of 
different ophthalmologic areas and diseases.

166290_Teresa Ferreira_BNW-8.indd   144166290_Teresa Ferreira_BNW-8.indd   144 24-04-2023   16:3124-04-2023   16:31



Summary, discussion, future perspectives and conclusion 

145

REFERENCES

 1. Tang MCY, Jaarsma-Coes MG, Ferreira TA, Fonk LZ-G, Marinkovic M, Luyten GPM, Beenakker 
J-WM. A comparison of 3T and 7T MRI for the clinical evaluation of uveal melanoma. J Magn Reson 
Imaging. 2022 May;55(5):1504-1515. 

 2. Jaarsma-Coes MG, Ferreira TAG, van Haren GR, Marinkovic M, Beenakker J-WM. MRI enables 
accurate diagnosis and follow-up in uveal melanoma patients after vitrectomy. Melanoma Res. 2019 
Dec;29(6):655-659.

 3. Jaarsma-Coes MG, Ferreira TA, Marinkovic M, Vu THK, van Vucht L, van Haren GR, Rodrigues 
MF, Klaver YLB, Verbist BM, Luyten GPM, Rasch CRN, Beenakker J-WM. Comparison of magnetic 
resonance imaging-based and conventional measurements for proton beam therapy of uveal 
melanoma. Ophthalmol Retina. 2022 Jul 13;S2468-6530(22)00339-6.

 4. OPTIC workgroup meeting, PTCOG, Miami, 2022.

 5. Lemke AJ, Hosten N, Bornfeld N, Bechrakis NE, Schüler A, Richter M, Stroszczynski C, Felix R. Uveal 
melanoma: correlation of histopathologic and radiologic findings by using thin-section MR imaging 
with a surface coil. Radiology 1999 Mar;210(3):775-783.

 6. Berus T, Halon A, Markiewicz A, Orlowska-Heitzman J, Romanowska-Dixon B, Donizy P. Clinical, 
histopathological and cytogenetic prognosticators in uveal melanoma – a comprehensive review. 
Anticancer Res. 2017 Dec;37(12):6541-6549.

 7. Kamrava M, Sepahdari AR, Leu K, Wang P-C, Roberts K, Demanes DJ, McCannel T, Elligson BM. 
Quantitative multiparametric MRI in uveal melanoma: increased tumor permeability may predict 
monosomy 3. Neuroradiology. 2015 Aug;57(8):833–840.

 8. Foti PV, Longo A, Reibaldi M, Russo A, Privitera G, Spatola C, Raffaele L, Salamone V, Farina 
R, Palmucci S, Musumeci A, Caltabiano R, Ragusa M, Mariotti C, Avitabile T, Milone P, Ettorre 
GC. Uveal melanoma: quantitative evaluation of diffusion-weighted MR imaging in the response 
assessment after proton-beam therapy, long-term follow-up. Radiol Med. 2017 Feb;122(2):131–139.

 9. Fonk LG, Ferreira TA, Webb AG, Luyten GPM, Beenakker J-WM. The economic value of MR-imaging 
for uveal melanoma. Clin Ophthalmol. 2020 Apr 28;14:1135–1143.

 10. Integraal Kankercentrum Nederland (IKNL).

 11. de Graaf P,  Barkhof F, Moll AC, Imhof SM, Knol DL, van der Valk P, Castelijns JA. Retinoblastoma: 
MR imaging parameters in detection of tumor extent. Radiology. 2005 Apr;235(1):197-207.

 12. de Graaf P, Göricke S, Rodjan F, Galluzzi P, Maeder P, Castelijns JA, Brisse HJ, European 
Retinoblastoma Imaging Collaboration (ERIC). Guidelines for imaging retinoblastoma: imaging 
principles and MRI standardization. Pediatr Radiol. 2012 Jan;42(1):2-14.  

 13. de Graaf P, Pouwels PJW, Rodjan F, Moll AC,  Imhof SM, Knol DL, Sanchez E, van der Valk P, 
Castelijns JA. Single-shot turbo spin-echo diffusion-weighted imaging for retinoblastoma: initial 
experience. Am J Neuroradiol. 2012 Jan;33(1):110-118. 

 14. Rodjan F, de Graaf P, van der Valk P, Moll AC, Kuijer JPA, Knol DL, Castelijns JA, Pouwels PJW. 
Retinoblastoma: value of dynamic contrast-enhanced MR imaging and correlation with tumor 
angiogenesis. AJNR Am J Neuroradiol. 2012 Dec;33(11):2129-2135. 

166290_Teresa Ferreira_BNW-8.indd   145166290_Teresa Ferreira_BNW-8.indd   145 24-04-2023   16:3124-04-2023   16:31



Chapter 5

146

 15. Brisse HJ, de Graaf P, Galluzzi P, Cosker K, Maeder P, Göricke S, Rodjan F, de Jong MC, Savignoni A, 
Aerts I, Desjardins L, Moll AC, Hadjistilianou T, Toti P, van der Valk P, Castelijns JA, Sastre-Garau 
X, European Retinoblastoma Imaging Collaboration (ERIC). Assessment of early-stage optic nerve 
invasion in retinoblastoma using high-resolution 1.5 Tesla MRI with surface coils: a multicentre, 
prospective accuracy study with histopathological correlation. Eur Radiol. 2015 May;25(5):1443-1452.

 16. de Jong MC, de Graaf P, Brisse HJ, Galluzzi P, Göricke SL, Moll AC, Munier FL, Popovic MB, Moulin 
AP, Binaghi S, Castelijns JA, Maeder P, European Retinoblastoma Imaging Collaboration (ERIC). The 
potential of 3T high-resolution magnetic resonance imaging for diagnosis, staging, and follow-up of 
retinoblastoma. Surv Ophthalmol. 2015 Jul-Aug;60(4):346-355.  

 17. Sepahdari AR, Politi LS, Aakalu VK, Kim HJ, Razek AAKA. Diffusion-weighted imaging of orbital 
masses: multi-institutional data support a 2-ADC threshold model to categorize lesions as benign, 
malignant, or indeterminate. Am J Neuroradiol. 2014 Jan;35(1):170-175.

 18. Lemke AJ, Hosten N, Wiegel T, Prinz RD, Richter M, Bechrakis NE, Foerster PI, Felix R. Intraocular 
metastases: differential diagnosis from uveal melanomas with high-resolution MRI using a surface 
coil. Eur Radiol. 2001;11(12):2593–2601. 

 19. Fleury E, Trnková P, Erdal E, Hassan M, Stoel B, Jaarsma-Coes M, Luyten G, Herault J, Webb A, 
Beenakker J-W, Pignol J-P, Hoogeman M. Three-dimensional MRI-based treatment planning 
approach for non-invasive ocular proton therapy. Med Phys. 2021 Mar;48(3):1315-1326.

 20. Jaarsma-Coes MG, Ferreira TA, van Houdt PJ, van der Heide UA, Luyten GPM, Beenakker J-WM. Eye-
specific quantitative dynamic contrast-enhanced MRI analysis for patients with intraocular masses. 
MAGMA. 2022 Apr;35(2):311-323. 

 21. Hiwatashi A, Togao O, Yamashita K, Kikuchi K, Kamei R, Yoshikawa H, Takemura A, Honda H. 
Diffusivity of intraorbital lymphoma vs inflammation: comparison of single shot turbo spin echo 
and multishot echo planar imaging techniques. Eur Radiol. 2018 Jan;28(1):325-330.

 22. Lecler A, Duron L, Zmuda M, Zuber K, Bergès O, Putterman M, Savatovsky J, Fournier L. Intravoxel 
incoherent motion (IVIM) 3T MRI for orbital lesion characterization. Eur Radiol. 2021 Jan;31(1):14-
23.

 23. Sun B, Song L, Wang X, Li J, Xian J, Wang F, Tan P. Lymphoma and inflammation in the orbit: 
diagnostic performance with diffusion-weighted imaging and dynamic contrast-enhanced MRI. J 
Magn Reson Imaging. 2017 May;45(5):1438-1445.

 24. Xu X-Q, Hu H, Liu H, Wu J-F, Cao P, Shi H-B, Wu F-Y. Benign and malignant orbital 
lymphoproliferative disorders: differentiating using multiparametric MRI at 3.0T. J Magn Reson 
Imaging. 2017 Jan;45(1):167-176. 

 25. Hu H, Xu X-Q, Liu H, Hong X-N, Shi H-B, Wu F-Y. Orbital benign and malignant lymphoproliferative 
disorders: differentiation using semi-quantitative and quantitative analysis of dynamic contrast-
enhanced magnetic resonance imaging. Eur J Radiol. 2017 Mar;88:88-94.  

166290_Teresa Ferreira_BNW-8.indd   146166290_Teresa Ferreira_BNW-8.indd   146 24-04-2023   16:3124-04-2023   16:31



166290_Teresa Ferreira_BNW-8.indd   147166290_Teresa Ferreira_BNW-8.indd   147 24-04-2023   16:3124-04-2023   16:31



166290_Teresa Ferreira_BNW-8.indd   148166290_Teresa Ferreira_BNW-8.indd   148 24-04-2023   16:3124-04-2023   16:31



Nederlandse samenvatting 
Acknowledgements 
List of publications 
Curriculum Vitae

166290_Teresa Ferreira_BNW-8.indd   149166290_Teresa Ferreira_BNW-8.indd   149 24-04-2023   16:3124-04-2023   16:31



166290_Teresa Ferreira_BNW-8.indd   150166290_Teresa Ferreira_BNW-8.indd   150 24-04-2023   16:3124-04-2023   16:31



Nederlandse samenvatting 

151

NEDERLANDSE SAMENVATTING

Dit proefschrift beschrijft de ontwikkeling van speciale hoge-resolutie MRI (magnetic 
resonance imaging) -protocollen voor evaluatie van het oog en het ooglid en de toepassing 
ervan in de karakterisering van het oogmelanoom en de anatomie van het ooglid. Verder 
richt het zich op de karakterisering van orbitale inflammatoire aandoeningen op MRI en CT 
(computed tomography), het onderscheiden tussen orbitale inflammatie, orbitale tumoren 
en infectie, én het onderscheiden van tussen de meest voorkomende orbitale inflammatoire 
ziekten.
Het oplossen van klinische problemen vormt de kern van de in dit proefschrift beschreven 
onderzoek. De resultaten van dit onderzoek heeft de diagnose en behandeling van specifieke 
ziekten verbeterd, met een duidelijk voordeel voor de patiënt. Dit kan alleen goed gebeuren 
binnen een multidisciplinair team, zoals wij dat hebben, waarbij de verschillende inbreng 
van de verschillende medische specialismen, die elkaar aanvullen, van het grootste belang is.

Oogmelanoom
MRI-protocol voor het oog

In hoofdstuk 2.1 is een 3T MRI-protocol voor de evaluatie van het oog ontwikkeld, na 
uitgebreide evaluatie van verschillende sequenties bij 9 patiënten met oogmelanoom. Het 
protocol maakt gebruik van een oppervlaktespoel en bestaat uit MS (multi-slice) 2 mm 2D 
sequenties (T1, T1 met vetsuppressie na contrast en T2) en een non-EPI (echo-planar imaging) 
TSE (turbo spin-echo) DWI (diffusion-weighted imaging) (b-waarden van 0 en 800 s/mm2) 
en ADC (apparent diffusion coefficient), verkregen loodrecht op de hoofdas van de tumor. 
Het omvatte ook isotrope 3D TSE-sequenties (T1, T1 met vetsuppressie voor en na contrast 
en T2) en een DCE (dynamic contrast-enhanced) -sequentie, verkregen in het axiale vlak 
zonder angulatie. De MS 2 mm 2D sequenties hebben de hoogste “in-plane” resolutie en zijn 
daarom het beste voor laesie karakterisering en evaluatie van lokale uitbreiding. De isotrope 
3D TSE-sequenties maken retrospectieve reconstructie in alle richtingen mogelijk, en zijn 
essentieel voor de beoordeling van de tumorgeometrie en nauwkeurige omvangmetingen. De 
DWI- en PWI (perfusion-weighted imaging) -sequenties helpen bij de differentiële diagnose. 
Daarnaast biedt deze techniek mogelijk prognostische informatie en maken mogelijk een 
eerdere beoordeling van de tumorrespons op radiotherapie mogelijk dan echografie. Over 
het algemeen levert dit 3T MRI-protocol voor het oog hoge resolutie MR-beelden van 
oogmelanoom, die van cruciaal belang zijn voor een betere diagnose, planning van de 
behandeling en follow-up. Daarnaast kan het ook worden gebruikt voor andere intra-oculaire 
laesies.

Voordat we oogmelanoom op 3T gingen evalueren, beoordeelden we ze op 7T MRI vanwege 
de hoge veldsterkte, waarvoor we ook een 7T MRI-protocol om het oog te evalueren hadden 
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ontwikkeld. Onze onderzoeksgroep vergeleek prospectief de diagnostische prestaties van 7T 
en 3T om het oog en oogmelanoom te evalueren. Enerzijds konden met 7T onder optimale 
omstandigheden beelden van de hoogste kwaliteit worden verkregen. Anderzijds komen op 
7T ernstige artefacten die een onderzoek niet diagnostisch maken vaker voor.

Bovendien heeft onze onderzoeksgroep, zowel voor 3T als voor 7T, een MRI-protocol om 
ogen met siliconenolie te evalueren ontwikkeld, waardoor sommige patiënten met een 
oogmelanoom hun oog en gezichtsvermogen konden behouden. Voordat dit specifieke 
MRI-protocol was ontworpen, zou het oog van deze patiënten over het algemeen worden 
verwijderd, omdat de diagnose, de planning van de behandeling en de daaropvolgende follow-
up van oogmelanoom onmogelijk zouden zijn, omdat de aanwezigheid van intra-oculaire 
siliconeolie de beeldvorming met echografie verhindert. 

Ten slotte heeft onze onderzoeksgroep, samen met het Holland PTC, een 3T MRI-protocol voor 
de evaluatie van ogen vóór de protonentherapie ontwikkeld. Dit specifieke protocol maakt een 
nauwkeurige beoordeling mogelijk van de clip-tumor afstanden en van de oogbolafmetingen, 
beide belangrijk bij de protonentherapie planning. Bovendien werden deze MRI-metingen 
vergeleken met conventionele methodes. MRI bleek minder nauwkeurig te zijn bij de 
evaluatie van de clip-tumor afstanden in het geval van vlakke oogmelanomen. MRI was 
echter betrouwbaarder bij de evaluatie van de ooglengte en bij het meten van de clip-tumor 
afstanden van anterieur gelegen en paddenstoel-vormige tumoren. MR-beeldvorming van 
deze patiënten zal leiden tot een nauwkeurigere doelbepaling, waardoor de toxiciteit mogelijk 
wordt verminderd en de kans op behoud van het gezichtsvermogen toeneemt. Hoewel wij 
het eerste centrum waren dat een MRI opnam voor alle oculaire protonentherapie patiënten, 
nemen nu meer centra MRI op in hun workflow en gebruiken zij protocollen die op de onze 
zijn gebaseerd.

MRI kenmerken van oogmelanoom

Voor het onderzoek beschreven in hoofdstuk 2.2 werden de anatomische en functionele MRI 
kenmerken van 42 oogmelanomen beoordeeld. De MRI kenmerken werden vergeleken met 
fundoscopie en echografie, en op 14 verwijderde ogen met histopathologie. 
Oogmelanoom met complexe tumorvormen, zoals een paddenstoel configuratie, moeten 
worden herkend omdat zij speciale aandacht verdienen bij de planning van de radiotherapie. 
Er werd een significant verband gevonden tussen de signaalintensiteit op T1 en de pigmentatie 
op histopathologie. De ADC van oogmelanomen was 1,16 ± 0,26 x 10-3 mm2/s. Twee derde 
van oogmelanomen had een wash-out en de overige een plateau perfusie time-intensity 
curve (TIC). De gemiddelde peak intensity (PI) van oogmelanomen was 1,62. Kennis van de 
ADC- en perfusiekenmerken is waardevol voor de differentiële diagnose met andere intra-
oculaire massas. Bovendien lijkt PWI veelbelovend voor de identificatie van oogmelanoom 
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met een hoger risico op metastase, die mogelijk kan dienen als vervanging voor een biopsie 
bij patiënten die een oogsparende behandeling ondergaan. 
Beoordeling van de tumorgrootte is essentieel voor de keuze van de behandelingsmodaliteit 
en de planning van radiotherapie. MRI was beperkt in de beoordeling van de basale diameter 
van vlakke tumoren, aangezien MRI de tendens had de grootte van de basale diameter te 
onderschatten als gevolg van onduidelijke tumormarges. In vergelijking met MRI heeft 
echografie de neiging om de tumorgrootte te overschatten, waarbij grotere tumor prominentie 
en grootste basale diameter worden getoond. 
De lokale uitbreiding van een oogmelanoom moet worden beoordeeld, zodat er in het 
behandelplan rekening mee kan worden gehouden. Bovendien wordt de aanwezigheid van 
extraoculaire groei en invasie van de oogzenuw geassocieerd met een verhoogd percentage 
van orbitaal recidief en een slechtere prognose. MRI was goed in het diagnosticeren van 
betrokkenheid van het corpus ciliare, extra-sclerale uitbreiding en oogzenuw-invasie, maar 
in tegenstelling tot wat eerder is gerapporteerd, beperkt in het identificeren van sclerale 
infiltratie. 

MRI follow-up van oogmelanoom na brachytherapie en protonentherapie

Onze onderzoeksgroep evalueert momenteel de waarde van DWI en PWI in de follow-up 
van oogmelanoom na brachytherapie en protonentherapie. De voorlopige resultaten tonen 
vooral PWI gunstige veranderingen vóór volumeveranderingen, waardoor de respons van 
oogmelanoom op radiotherapie eerder kan worden beoordeeld dan met de conventionele 
echografie. Dit is geruststellend voor zowel de clinici als de patiënten.

Klinische waarde en impact van MRI van oogmelanoom

MRI maakt beelden van hoge kwaliteit mogelijk van het oog en oogmelanoom. Het is echter 
duurder dan echografie en het leek relevant te beoordelen of de extra kosten van een MRI 
economisch voordeel of verandering in de optimale behandeling zouden opleveren. Onze 
onderzoeksgroep evalueerde dit en toonde aan dat een extra MRI kosteneffectief is voor 
patiënten bij wie twijfel bestaat over de nauwkeurigheid van de echografie-metingen, als 
de tumor iets te groot lijkt voor brachytherapie en bij oogmelanoom-patiënten die niet met 
echografie kunnen worden geëvalueerd en anders enucleatie zouden ondergaan. Bovendien 
heeft MRI een toegevoegde waarde voor de kwaliteit van de zorg, omdat het voor sommige 
patiënten mogelijk maakt een behandelingsmodaliteit toe te passen die meer van hun 
gezichtsvermogen spaart.

Het LUMC is het nationale referentiecentrum voor oogmelanoom in Nederland en 
ontvangt ongeveer 220 oogmelanomen per jaar. De evaluatie van oogmelanoom met 
MRI bracht verschillende voordelen met zich mee en heeft de klinische praktijk in ons 
ziekenhuis veranderd. Vóór ons onderzoek kreeg een oogmelanoom-patiënt zelden een MRI. 
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Tegenwoordig maken we vóór de behandeling een MRI als er twijfel is over de diagnose, 
en voor de planning van de behandeling. Wij maken ook een MRI in de vroege follow-up 
na radiotherapie om de respons op de behandeling te beoordelen, en in de follow-up na de 
behandeling wanneer een recidief van het oog of orbitaal wordt vermoed. Gemiddeld maken 
wij 3 tot 4 MRI-scans per week. In het algemeen heeft MRI de precisie van de oogmelanoom-
behandeling verhoogd. 
Ons 3T MRI-protocol voor ogen heeft ook de belangstelling gewekt van verschillende andere 
buitenlandse centra, en is in samenwerking met Philips nu online beschikbaar. Bovendien 
zijn onze oogmelanoom-resultaten worden opgenomen in de nieuwe editie van het “WHO 
Classification of Tumours of the Eye” boek.

Toekomstperspectieven

Momenteel werken wij aan: verdere verbetering van de differentiële diagnose van oculaire 
massas, door evaluatie van de MRI kenmerken van andere goedaardige en kwaadaardige 
intra-oculaire massas; de ontwikkeling van een 3D MRI-gebaseerde oculaire protonentherapie 
planning, zonder de noodzaak om markers te plaatsen; en verdere evaluatie van de waarde 
van PWI voor de identificatie van oogmelanoom met een hoger risico op metastase, aangezien 
het zou kunnen dienen als vervanging van een biopsie bij patiënten die een oogsparende 
behandeling ondergaan. 

Orbitale inflammatoire aandoeningen

In hoofdstuk 3.1 werden de CT- en MRI kenmerken van scleritis retrospectief geëvalueerd 
in 11 patiënten waarin CT- en/of MRI werd verricht tijdens de actieve fase van de ziekte. De 
beeldvormende bevindingen van scleritis waren aankleuring van de sclera, verdikking van de 
sclera en focale perisclerale cellulitis. Ten opzichte van CT bleek MRI het nuttigste onderzoek 
voor de diagnose van scleritis, maar scleritis kon ook nauwkeurig worden gediagnosticeerd op 
CT. Scleritis is bijna altijd van inflammatoire oorsprong, of idiopathisch of in de context van 
een systemische inflammatoire ziekte. Scleritis kan geïsoleerd voorkomen of in combinatie 
met andere orbitale afwijkingen. Het is belangrijk de diagnose niet te verwarren met die van 
een tumor. Aanwijzingen voor de inflammatoire (versus neoplastische) aard van het proces 
zijn de aanwezigheid van pijn, cellulitis en de specifieke locatie van de sclera.

In hoofdstuk 3.2 is een literatuurstudie verricht naar de beeldvormingsprotocollen en de 
kenmerken van orbitale inflammatoire aandoeningen. MRI is de modaliteit bij uitstek voor de 
evaluatie van orbitale inflammatoire aandoeningen vanwege het superieure contrast en spatiele 
resolutie en de mogelijkheid om functionele beelden te genereren zoals DWI en PWI, die van 
cruciaal belang zijn om goedaardige van kwaadaardige laesies te onderscheiden. De specifieke 
radiologische kenmerken van inflammatie van de verschillende orbitale structuren, zoals scleritis, 
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uveitis, dacryoadenitis, perineuritis en neuritis optica, myositis en orbitale cellulitis, werden 
beschreven. Voorts werden de beeldvormingskenmerken van specifieke ontstekingsziekten 
gepresenteerd, zoals die van idiopathische orbitale inflammatie (IOI), sarcoïdose, 
schildkliergeassocieerde orbitopathie (ziekte van Graves), immunoglobuline G4-gerelateerde 
ziekte (IgG4 RD), granulomatose met polyangiitis (Wegener-granulomatose), idiopathische 
scleroserende orbitale inflammatie (ISOI) en de ziekte van Erdheim-Chester. Ten slotte werden 
verschillende beeldvormende en klinische aanwijzingen gecombineerd in een beslisboom, die 
het mogelijk maakt een orbitale laesie te herkennen als inflammatoir, en te differentiëren van een 
infectie of tumor. Vervolgens hebben wij aangetoond dat het gevonden radiologische patroon in 
de orbita kan wijzen op een onderliggende inflammatoire ziekte of ten minste de differentiële 
diagnose ervan kan verkorten. In het algemeen stellen deze overwegingen de behandelend arts 
in staat een adequate behandeling vast te stellen en kan soms een biopsie worden voorkomen.

Klinische waarde en impact van MRI bij inflammatoire aandoeningen

Dit onderzoek naar orbitale inflammatoire aandoeningen heeft de klinische praktijk in ons 
ziekenhuis veranderd. Nu kunnen de oogartsen, als de MRI-kenmerken van een orbitale 
laesie wijzen op inflammatie, de klinische symptomen en laboratoriumresultaten consistent 
zijn en als de laesie niet gemakkelijk toegankelijk is met een biopsie, overwegen een medische 
behandeling te starten zonder histopathologische bevestiging. Dit is minder ingrijpend voor 
de patiënt en minder kostbaar.

Toekomstperspectieven

In de nabije toekomst moet de evaluatie van de specifieke diffusie- en perfusiekarakteristieken 
van de verschillende orbitale tumoren en orbitale inflammatoire aandoeningen nog aandacht 
krijgen, omdat dit verder zou helpen bij de differentiële diagnose van orbitale massa’s.

Ooglid

In hoofdstuk 4.1 werd een retrospectieve evaluatie van de normale anatomie van het ooglid, 
in termen van identificatie van de ooglidlagen, op MRI en CT uitgevoerd bij 38 normale 
oogleden. Voorts werd bij drie ooglidtumoren de tumoruitbreiding beoordeeld en gevalideerd 
met histopathologie. Ondanks de kleine omvang van de verschillende ooglidlagen en hoewel 
beeldvorming van het ooglid een uitdaging is vanwege susceptibiliteit en bewegingsartefacten, is 
de identificatie van de meeste ooglidstructuren mogelijk met een geoptimaliseerd MRI-protocol, 
inclusief het gebruik van een oppervlaktespoel, en in mindere mate met CT. MRI is de modaliteit 
bij uitstek om de uitbreiding van een ooglidtumor te evalueren, dankzij de hoge resolutie en 
de diffusie- en perfusiegewogen beeldvorming die helpt om onderscheid te maken tussen de 
kwaadaardige tumor en omringende ontsteking. CT moet vooral worden gebruikt als aanvullende 
techniek bij de evaluatie van botinvasie. Aangezien de beoordeling van de tumorinvasie van het 
tarsus en het orbitale septum niet altijd mogelijk is via lichamelijk onderzoek, kan beeldvorming 
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een belangrijke bijdrage leveren aan de T-stadiëring van ooglidtumoren, waardoor de planning 
van de behandeling wordt verbeterd en dus een positief effect kan hebben op zowel de korte 
termijn morbiditeit als het lange termijn resultaat van patiënten. 

Klinische waarde en impact van MRI van het ooglid

Dit onderzoek maakte de evaluatie van de lokale uitbreiding van een ooglid tumor in het 
ooglid mogelijk, wat voorheen onmogelijk was. Het maakte het ook mogelijk de orbitale 
invasie met meer vertrouwen te evalueren. Als gevolg daarvan voeren wij vaker MRI uit voor 
de evaluatie van ooglid tumoren. Onze MR-beelden van het ooglid trokken ook de aandacht 
van buitenlandse centra, en zijn opgenomen in de nieuwe editie van het “WHO Classification 
of Tumours of the Eye” boek.

Toekomstperspectieven

De nauwkeurigheid van MRI om de lokale uitbreiding van een ooglid tumor te evalueren 
moet verder worden geëvalueerd in een grotere groep ooglid tumoren. Ten slotte lijkt ook een 
goede karakterisering met MRI van de meest voorkomende goedaardige van kwaadaardige 
ooglidtumoren van belang, omdat soms, vooral bij kinderen, de diagnose van een ooglidmassa 
de primaire reden is voor de MRI.

Conclusie

Het in dit proefschrift beschreven werk opende nieuwe perspectieven in de diagnose van 
verschillende oogheelkundige ziekten, waardoor betere behandelingsresultaten mogelijk 
zijn en dus wordt bijgedragen aan het welzijn van de patiënt. Samen met de eerdere MR-
werkzaamheden voor het retinoblastoom betekende het bovendien een stap in de geschiedenis 
van de oftalmologische beeldvorming, omdat het de MRI van het oog en het ooglid op 
hetzelfde niveau bracht als de rest van het lichaam. 
Het toenemende aantal aanvragen voor oculaire en ooglid-MRI-scans noopt tot verdere 
subspecialisatie bij neuroradiologen, omdat het specifieke kennis vereist. Verder is het van 
belang om de informatie die radiologen uit MRI halen nog beter te combineren met de 
informatie die oogartsen halen uit de optische beeldvormingstechnieken, met name met 
fundoscopie en fluoresceïne-angiografie.
Het is mijn wens om onze kennis van oog-, ooglid- en orbitale beeldvorming te blijven 
verdiepen, maar ook om onze kennis te blijven verspreiden, zodat wereldwijd andere centra 
hun klinische praktijk op dit gebied kunnen verbeteren. Idealiter zouden internationale 
werkgroepen kunnen worden opgericht om beeldvormingsprotocollen te verbeteren en beste 
praktijken te ontwikkelen met betrekking tot de diagnose van verschillende oogheelkundige 
gebieden en ziekten.
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