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Abstract

Magnetic resonance imaging (MRI) is increasingly used by the orbital surgeon to aid in the
diagnosis, surgical planning, and monitoring of orbital disease. MRI provides superior soft tissue
detail compared to computed tomography or ultrasound, and advancing techniques enhance its
ability to highlight abnormal orbital pathology. Diffusion-weighted imaging is a specialized
technique that uses water molecule diffusion patterns in tissue to generate contrast signal and
can help distinguish malignant from benign lesions. Steady-state free precession sequences such
as CISS and FIESTA generate highly detailed, three-dimensional reconstructed images, and

are particularly useful in distinguishing structures adjacent to cerebral spinal fluid. Magnetic
resonance angiography may be used to characterize vascular lesions within the orbit. New
developments in magnetic field strength as well as the use of orbital surface coils achieve
increasingly improved imaging resolution.
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Background

Magnetic resonance imaging (MRI) is the preferred imaging modality in many cases for the
evaluation of orbital disease. In contrast to other modalities such as computed tomography
(CT) or ultrasound, MRI provides superior soft tissue detail. Images are readily available
in axial, coronal, and sagittal planes. Contrast enhancement and fat suppression techniques
play an essential role in helping identify characteristics of abnormal processes in the orbit.
Specialized imaging techniques such as diffusion-weighted imaging and dynamic contrast-
enhanced imaging are helpful tools for distinguishing normal from abnormal anatomy and
malignant from benign orbital lesions, e.g lymphoma from benign lymphoproliferative
disease. Steady-state free precession sequences utilize repetitive excitation pulses among

a steady-state magnetic field to generate highly detailed three-dimensional reconstruction
of tissues that allows for precise visualization of cranial nerves and cavernous sinus
lesions. Magnetic resonance angiography is particularly useful for the evaluation and
characterization of vascular lesions within the orbit. Advances in MR technology provide
increasingly detailed and specific information that aids in the diagnosis, pre-surgical
planning, and monitoring of orbital disease.

Standard MRI protocol

Magnetic resonance technology creates images based on the alignment between polarized
atomic nuclei (usually hydrogen) following excitation by a radiofrequency pulse and
subsequent relaxation. The sum of magnetic moments of excited protons rotating about

the axis of the magnetic field creates an MRI signal. Following excitation, T1 relaxation
occurs as protons return to a resting state aligned with the external magnetic field, while T2
relaxation occurs as protons fall out of alignment with one another. T1 and T2 relaxation are
determined by the properties of the atomic bonds of the area being imaged. MRI is useful

in examining the soft tissues of the body as the differing properties of the atomic bonds

that make up these tissues produce varying rates of T1 and T2 relaxation. The differing T1
and T2 properties inherent to tissues such as fat, water, and protein are demonstrated when
MR signal information is gathered to produce an image using a mathematical process called
Fourier transformation.

MRI sequences commonly used in evaluation of orbital diseases include T1 and T2, with
and without fat suppression (FS), and gadolinium-enhanced T1 with fat suppression (T1+C
FS). On T1, tissues with shorter T1-relaxation times, such as fat, appear brighter, or
hyperintense. Tissues with high water content, such as vitreous, have longer T1-relaxation
times and appear darker, or hypointense. Therefore, T1 is useful for the depiction of normal
anatomical features, including fat content.

In contrast to T1, tissues with higher water content, such as vitreous or cerebrospinal
fluid, have longer T2-relaxation times and appear hyperintense (bright) on T2. Hence, in
general, T2 is superior in the identification of pathological features with edema (excess
water content). Since fat is also bright on T2, fat suppression is employed to allow for
better soft tissue contrast. On T2 FS, soft tissue edema appears hyperintense, and clearly
contrasts with the hypointense appearance of fibrosis. Many pathological orbital lesions
appear hyperintense on T2 FS, but paramagnetic substances containing unpaired electrons,
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such as blood products, calcium, and melanin, have shortened T2 relaxation times, leading
to a hypointense signal. Therefore, lesions that contain calcification (e.g. retinoblastoma,
scirrhous metastases of breast carcinoma) will demonstrate intralesional hypointensities on
T2.1 The hypointense property of melanin on T2 and intrinsic T1 hyperintense signal are
helpful in the identification and evaluation of choroidal melanomas, as well as intracranial
melanoma metastases.

Contrast administration with gadolinium, a paramagnetic substance, is used in MRI to
distinguish abnormal orbital lesions from normal tissue. The use of contrast agents

(+C) improves the sensitivity of MRI by shortening the relaxation time of protons

in its immediate vicinity. Thus, on T1+C, contrast-enhanced lesions will appear more
hyperintense. On T2, the contrast media actually decreases signal intensity, the basis

for susceptibility imaging.2 T1+C orbital MRI can aid in highlighting focal or diffuse
inflammation in the orbit. Typical radiologic characteristics of inflammatory lesions
include contrast enhancement and thickening or enlargement of the involved tissue. While
enhancement patterns may be nonspecific, surrounding tissue changes (fat stranding)
coupled with the clinical picture (pain, erythema, edema) help differentiate inflammatory
lesions from malignancy (Figure 1). Dacryoadenitis, for example, presents as enlargement
of the lacrimal gland with diffuse enhancement, but signs such as blurring of the glandular
margins with bordering structures and surrounding fat stranding help distinguish this as an
inflammatory process over a malignant one. The pattern of contrast enhancement in a lesion
can also help differentiate between inflammation, which demonstrates more homogeneous
enhancement, and tumors or infection, which may appear more heterogenous in some cases
due to the presence of non-enhancing components such as necrosis and pus, respectively.
Extraocular muscles are characterized by low signal intensity on T1 and intermediate signal
intensity on T2. Due to their rich vascular supply, they demonstrate marked enhancement
following contrast administration, particularly at the periphery of the muscle. Differences
in contrast enhancement due to degeneration or fibrosis of the muscle can be apparent on
post-contrast T1 and may be helpful in classification of lesions.3

Fat suppression and STIR imaging

Fat suppression is a technique in which a saturation pulse corresponding to native fat is
administered prior to the excitation pulse; this leads to the suppression of the typically

high signal intensity of normal fat content. Fat suppression on T1 or T2 allows for

better visualization of tissues (normal or abnormal) embedded in fat that would have been
obscured by the hyperintensity of the fat signal, and therefore is particularly helpful for
orbital imaging.* This technique also allows for the identification of fat-containing lesions
in the orbit such as dermoid cysts and lipomas.® Fat suppression is especially important
when using MRI to assess the optic nerve sheath complex, as any abnormal enhancement

of the complex will be made more conspicuous when signal from surrounding orbital fat is
suppressed. Close examination of this area is crucial, for example, when distinguishing optic
neuritis from diseases of the optic nerve sheath. T2 FS is ideal for visualizing changes to the
optic nerve and perioptic cerebrospinal fluid (CSF) in conditions that increase intracranial
pressure, such as idiopathic intracranial hypertension (e.g. widened optic nerve sheath
diameter, protrusion of optic nerve head into the globe) (Figure 2).6
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In addition to clinical assessment, MRI is increasingly used as a tool to evaluate disease
activity and severity. STIR (short tau inversion recovery) is a fat suppression technique in
which an initial 180° inverting radiofrequency pulse is followed by a standard spin-echo
sequence. The time between the two pulses can be shortened such that the signal emitted
from fat is suppressed. STIR cannot be used on post-contrast T1 because of the shortening
effect gadolinium has on T1; thus, the signal from gadolinium-enhanced tissue may be
suppressed in addition to fat content. Previous studies have established that inflammatory
activity can be ascertained and monitored using the signal intensity ratio (SIR) as seen on
serial STIR imaging. The SIR is obtained by comparing the signal intensity from the most
inflamed extraocular muscle to the reference standard. In TAO (Figure 3), signal intensity
values on STIR imaging have been shown to increase proportionally to increases in disease
activity, as measured by the clinical activity score (CAS).”~10 Thus, quantifiable measures
obtained via orbital imaging such as SIR values may also be valuable in disease monitoring.
The measurement of T2 relaxation times of edematous extraocular muscles has also been
used as a marker of disease activity following treatment, but results have been mixed.11-13

Diffusion-weighted imaging and ADC maps

Diffusion-weighted imaging (DWI1) is a form of MRI that exploits the contrast between

the random Brownian motion of water molecules. It is a measure of the extent of free
molecular motion in different tissues. Within tissue, the random motion of water molecules
is hindered by cell membrane boundaries as dictated by normal tissue architecture or the
presence of diffusion-restricting pathological changes. DWI allows for accurate assessment
of restricted diffusion via the construction of an apparent diffusion coefficient (ADC) map.
ADC is a parameter calculated using MRI to quantify the magnitude of diffusion within
tissue. Decreased Brownian motion, which may be caused by cellular swelling or increased
density of cells, is captured on DWI as hyperintense signal. True diffusion restriction is
represented by high DWI signal and corresponding low signal on the ADC map, such as in
lymphoma, stroke, cytotoxic, change, or other hypercellular tumors. Areas of hyperintense
DWI signal with a normal or high ADC are due to T2 ,,shine-through.” In these cases, the
hyperintensity on DWI is caused by the T2 signal shining through the image, rather than
restricted diffusion in the tissue.14-16

DWI is widely used in neuroimaging as it is instrumental in identifying cytotoxic edema
that occurs within minutes of stroke. Intracellular shift of fluid and contraction of the
extracellular space in cytotoxic edema lead to a decrease in Brownian motion that is seen

as restricted diffusion on DWI.17 For the orbital surgeon, DWI serves as a useful tool

in helping distinguish malignant from benign lesions, particularly lymphoma from benign
inflammatory processes (Figure 4, Figure 5). Increased tissue density characterized by
increased cellularity, larger nuclei, and relatively decreased extracellular space contribute to
restricted diffusion in malignant tissue. These changes result in decreased Brownian motion
of water molecules, which is captured on DWI as a hyperintense signal and reduced ADC. In
contrast, most benign inflammatory lesions will demonstrate less diffusion restriction due to
higher free water content and less cellular density. The increased Brownian motion results in
hypointense DWI signal.
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DWI is most commonly performed using a spin echo planar imaging (EPI) sequence,
although other non-EPI techniques are available. EPI is typically employed due to its speed
and insensitivity to motion, but it is limited by magnetic susceptibility artifact and geometric
distortion. A recent study by Bae et a/. demonstrated that in the orbit, single shot EPI

and multishot EPI with fat suppression are equally effective in producing high resolution
images with both minimal artifact and restricted lipid signal.1® Non-echo planar sequences
demonstrate higher resolution and thinner sections than EPI, but generally have a lower
signal to noise ratio than EPI.1° Non-EPI techniques include half-Fourier acquisition single-
shot turbo spin-echo (HASTE) and multishot turbo spin-echo techniques. These techniques
have been shown to be superior diagnostic and management tools to EPI in some cases.20-21
Interestingly, recent reports have highlighted the utility of non-EPI DWI sequences in
assessing treatment response in patients with TAO. As discussed above, the signal-intensity
ratio (SIR) derived from STIR MRI may correlate with CAS, and signal typically reduces
with treatment. Using DWI, ADC values have been shown to be significantly higher in
extraocular muscles involved in active TAO. Change in ADC signal have been shown to
correlate with SIR values as well as CAS and may also be used to detect subclinical changes
in disease activity.22:23

In the orbit, DWI has been demonstrated to be particularly useful in

distinguishing lymphoma from inflammatory disease such as idiopathic orbital
inflammation (pseudotumor)?4-29, The differentiation of orbital lymphoma from benign
lymphoproliferative processes is essential to appropriate clinical treatment and management
by the orbital surgeon. Conventional MRI is limited in its ability to differentiate malignant
lymphoma from other lymphoproliferative disease.30:31 Some studies have found features
seen on MRI that differentiate benign disease from malignant lymphoma. For example,
involvement of the orbit preseptal space32 and tumor hyperintensity on T233 have been
associated with malignant disease, while presence of “flow void sign” 28:31 or findings of
sinusitis?832 are predictive of benign disease. However, the statistical significance of these
associations may be unreliable due to variability of tumor morphology. The addition of ADC
value measurement using DWI to conventional MRI studies may increase the sensitivity and
specificity of radiologic diagnosis. Increased cellular density and enlargement of nuclei in
orbital lymphoma leads to relative reduction in extracellular and intracellular diffusion of
water molecules, thus corresponding to a decreased mean ADC value.

Multiple studies have shown that ADC values may help differentiate lymphoma from benign
inflammatory orbital disease, with varying ADC cutoffs leading to different sensitivities
and specificities (findings summarized in Table 1). Several studies have demonstrated the
sensitivity of DWI in distinguishing benign from other malignant lesions in the orbit

as well (Figure 6).2%:34 Finally, some studies have demonstrated the usefulness of DWI

in distinguishing cystic from solid tumors without the use of contrast.3® Sepahdari et

al. analyzed data from the three largest published case series on the use of DWI in
differentiating orbital lesions. The authors of this aggregate analysis determined the cutoff
value of ADC < 0.92 x 1073 mm?/s differentiated lymphoma from inflammation with 100%
sensitivity and specificity. ADC values were less useful in distinguishing all malignant
(primarily lymphoma, metastases, rhabdomyosarcoma, carcinoma) from benign lesions.28
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In other studies, further classification of tumor types has been analyzed based on flow
patterns, particularly in pediatric tumors. However, the characterization of ADC and
diffusion patterns in lesions with restricted diffusion has limited benefit due to overlap
between benign and malignant lesions.1® Additional studies comparing tumor types and
inflammatory disease with DWI will help to better assess its utility in other orbital
conditions.

Dynamic contrast-enhanced imaging

Dynamic contrast-enhanced (DCE) MRI is a method in which a series of images are
acquired in rapid succession prior to and following the administration of contrast. It

allows for the analysis of microvascular patterns of tissue perfusion. Multiple studies

have shown DCE MRI to have superior diagnostic accuracy in distinguishing benign from
malignant orbital lesions compared with standard MRI techniques, as well as DWI. With this
technique, a region of interest is selected within the lesion for calculation of time-intensity
curves (TIC) as well as various quantitative pharmacokinetic parameters (e.g. K"ans v, Keps
and vp). Yuan et al. analyzed DCE images based on a washout-type TIC constructed for
each of 59 untreated orbital lesions. TICs were categorized as type | or persistent pattern
(steady enhancement demonstrated by a straight or curved line), type Il or plateau pattern
(increasing slope with plateau and final intensity at 90-100% of the peak intensity), or type
I11 or washout pattern (rapid increasing slope and wash-out with final intensity lower than
90% of the peak). The authors found that all 26 lesions with type | persistent pattern were
benign, while 10 of 14 lesions with type 111 washout pattern were malignant. Plateau curves
(type 11) were found in both benign and malignant lesions.36

Several recent studies have compared the accuracy of diagnostic algorithms using a
combination of values obtained from DWI and DCE versus DWI alone. Most recently, Xu
et al. used DWI and DCE MRI to evaluate 65 orbital lesions. One parameter used in DCE,
Kep: Is the flux rate constant between the extravascular extracellular space and the plasma,
may be a potential biomarker for differentiation on DCE images. In this study, malignant
lesions demonstrated significantly lower ADC (cutoff value of 0.809 x 1073 mm?/s) and
higher Kgp, (cutoff value of 0.788/min) values than benign lesions. The authors found that
the diagnostic accuracy of a combined ADC and Kep, index was superior to using either of
the values alone (the combined modality demonstrated a sensitivity of 96.6% and specificity
of 91.7%, compared to a 86.2% and 86.1% for ADC alone and 93.1% and 63.9% for Kep
alone).37 These findings echoed those found by Ro et a/. in an earlier study on 65 orbital
lesions.38

Sun et al. found a significantly increased probability for differentiation of orbital lymphoma
from orbital inflammation when DWI and DCE MRI were used in combination in
comparison to DWI alone. The authors suggest a stepwise approach for the differentiation of
lymphoma using both ADC and contrast index cutoff values. Lesions with an ADC < 0.7505
x 1073 mm?/s were designated as lymphoma with 76.7% sensitivity and 100% specificity.
Contrast index (CI) is a parameter calculated using signal intensities measured from the
DCE imaging series. The authors found that among the lesions with ADC > 0.7505 x 1073
mm?/s (which had been categorized as orbital inflammation), using a cutoff of Cl < 0.9686
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identified additional malignant lesions. The sensitivity and specificity of using both ADC
and CI cutoff values together were 90% and 87% respectively.3°

Steady-state MRI sequences

Steady-state free precession (SSFP) sequences such as constructive interference in steady-
state (e.g. CISS from Siemens, Erlangen, Germany) and fast imaging employing steady-
state acquisition (e.g. FIESTA from General Electric, Milwaukee, USA or TrueFISP

from Siemens) are high resolution MRI sequences in which longitudinal and transverse
magnetization are maintained at a steady-state. Repetitive excitation pulses generate signal
and the image constructed is based on the tissue relaxation properties. SSFP MR images
allow for highly detailed three-dimensional reconstruction of tissues. SSFP sequences
generate a strong signal in tissues that have a high T2/T1 ratio, such as CSF and fat. In
contrast to very bright CSF, the hypointensity of even very small lesions will be evident
within any structure adjacent to CSF spaces. Therefore, these sequences are valuable for
distinguishing and evaluating tumors of the optic nerve (e.g. glioma) and cranial nerves (e.g.
schwanomma) (Figure 7), as well as any structures in close opposition to CSF, such as the
cavernous sinus and orbital apex.40 Seitz et a/. demonstrated the utility of CISS sequences
in visualizing protrusion of the optic disc into the globe as well as clear differentiation
between the orbital fat, optic nerve sheath, surrounding CSF, optic nerve, and optic

chiasm in 12 patients with clinically diagnosed papilledema.*! An additional advantage

of SSFP sequences is the very short acquisition time, reducing any artifact related to CSF
pulsation.#243 CISS sequences have been demonstrated to provide high quality visualization
of most of the cranial nerves.**4° Yazici et a/ used CISS MR imaging to demonstrate the
formation and subsequent resolution of a fluid collection adjacent to the decompression site
in the early postoperative period following optic nerve sheath decompression for idiopathic
intracranial hypertension. The authors noted excellent differentiation between the optic
nerve, nerve sheath, and orbital fat on the images acquired using C1SS.46

Applications of SSFP sequences in ophthalmology are increasing. For example, recent
reports have demonstrated that SSFP neuroimaging aids in identifying cranial nerve
abnormalities that were radiographically diagnostic of Duane™s retraction syndrome and/or
M@ébius syndrome (i.e. congenital cranial nerve maldevelopment).4”-49 Jiao et a/. showed
that three-dimensional FIESTA provides excellent visualization of the brainstem and the
ocular motor nerves that supply the extraocular muscles and their associated connective
tissues. The images were used to demonstrate various specific congenital structural
abnormalities leading to strabismus.#8 Similarly, Pilyugina er a/. used FIESTA to identify
an isolated sixth cranial nerve aplasia in a young patient who had presented with reduced
abduction of one eye.*® Wani er al. described a case of Tolosa-Hunt syndrome causing
unilateral painful ophthalmoplegia in a middle-aged woman. T2 showed a hypointense
lesion in the cavernous sinus lateral to the internal carotid artery. Axial CISS imaging
revealed enlargement of the cavernous sinus due to the soft tissue lesion within the sinus,
which was hypointense and extended anteriorly toward the orbital apex. The diagnosis

of Tolosa-Hunt syndrome was confirmed with resolution of the lesion on repeat MRI
after successful treatment with steroid therapy.#2 This case demonstrates the utility of this
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sequence in the precise evaluation of a soft tissue lesion in the cavernous sinus and the
exclusion of vascular abnormalities.

A study by Gizewski et al. compared gadolinium-enhanced T1 with CISS imaging of 80
children with retinoblastoma in the evaluation of involvement of extra-retinal structures.
The authors found that multiplanar reconstruction of the orbit using CISS sequences
provided excellent visualization of tumor extension, aiding in pre-surgical planning. The
surgeons were able to reliably interpret the exact three-dimensional tumor extension using
CISS. Neuroradiologists were able to detect scleral or ciliary body infiltration. However,
fat-suppressed contrast-enhanced T1 was superior to CISS in visualization of optic nerve
infiltration, which changed the treatment plan and patient outcome.50

Dynamic MR angiography

MR angiography is a noninvasive modality used to acquire high-resolution images of
dynamic blood flow. It is especially useful in evaluating and diagnosing orbital vascular
lesions and, when done in conjunction with MR, it provides superior detail about the
internal soft tissue makeup of lesions compared to CT and CT angiography. Non-contrast
MRA is sensitive to flow-related enhancement, and can identify arterial components of
lesions. Dynamic sequences are acquired post-contrast and go by many names, such as
Time-Resolved Imaging of Contrast KineticS MRA (TRICKS; GE Healthcare [Chalfont
St Giles, England]), TWIST (Siemens), 4D-TRAK (Philips), TRAQ (Hitachi), and Freeze
Frame (Toshiba). Using this technique, it is possible to produce a three-dimensional image
of the vascularity of the region of interest over time via the passage of the contrast medium
(Figure 8). The imaging protocol generally involves acquiring 20-30 three-dimensional
MRA images over the region of interest in less than one minute during bolus injection of
a gadolinium contrast agent. The benefits of MRA angiography compared to conventional
angiography include minimal invasiveness and a better safety profile.

Kahana et al. described the advantage of TRICKS MRA in distinguishing between low-flow
cavernous hemangioma and more hypervascular lesions such as hemangiopericytoma or
highly vascular solitary fibrous tumor. The authors also highlighted a case in which TRICKS
MRA aided in the evaluation of the extent of cutaneous arteriovenous malformation
involving the ophthalmic, superficial temporal, and facial arteries.>! Ramey et a/. reported
that 9 of 12 orbital lesions (75%) that underwent TRICKS MRA were correctly diagnosed
by the imaging, with histopathological confirmation.>2 The utility of this technology will
likely be revealed as more ophthalmologists consider MRA as a tool in the diagnosis and
characterization of orbital vascular lesions.

Improvements in MRI systems

As MRI techniques advance, developments in the overall systems also allow for improved
imaging resolution. One such advancement is the use of ultra-high magnetic field
strength, such as 7 Tesla. Ultra-high field MRI has several advantages compared to lower
field MR, including higher signal-to-noise ratio and higher contrast-to-noise ratio. The
superior resolution provided by the higher strength magnetic field produces images with
greater detail of neuroanatomy, including the eye and orbit, and thus superior diagnostic
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precision.>3:54 Some reports have commented on the utility of improved image quality in 7
Tesla MRI in helping distinguish fine details such as optic nerve involvement in choroidal
melanoma.3:55

Surface coils are structures that receive radiofrequency and can be placed near the site that

is being imaged to reduce artifact and improve image resolution. The use of orbital surface
coils with high-resolution MRI allows for a very high level of detail of structures within

the orbit.%6 This technology is useful in visualization and surgical planning for pathology
involving the cranial nerves and extraocular muscles.5”~59 Sirin et al. used high-resolution
MRI on 1.5 Tesla scanners with two orbital surface coils to detect metastatic risk factors
(e.g. choroidal invasion, optic nerve infiltration) in children with retinoblastoma with high
sensitivity and specificity.50 The improved imaging resolution enabled by these advances
can provide the orbital surgeon with even more detail regarding orbital disease processes and
guide surgical planning.

Conclusion

Specialized MRI techniques yield sophisticated imaging data that greatly enhances
diagnostic capability compared to conventional MRI. These techniques, such as diffusion
weighted imaging, dynamic contrast-enhanced imaging, steady-state free precession
sequences, and dynamic MR angiography, have contributed to improved methods of
distinguishing benign from malignant lesions, characterization of vascular lesions, and
providing more information overall to the orbital surgeon. It is essential that orbital surgeons
are aware of these imaging capabilities, as they are continually evolving and are helpful

in evaluation and treatment of orbital lesions as well as surgical planning when indicated.
As computing power increases, along with technical advances in scanning equipment, the
diagnostic accuracy and utility of MRI will no doubt increase.
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Figure 1:
Idiopathic orbital inflammation.

A. Coronal T1+C FS showing primarily superolateral extraconal inflammatory signal in the
left orbit (arrow). This is contiguous to the adjacent lacrimal gland and obscures the margins
along the adjacent superior and lateral recti. Small volume extension of inflammatory
stranding into the lateral intraconal space.

B. Axial T1+C FS showing inflammatory mass-like signal along the left lateral rectus
(arrow), extending from the lacrimal fossa toward the orbital apex.
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Figure 2:
A 29 year old female presented with headache. Fundus exam revealed bilateral papilledema.

A lumbar puncture was performed; opening pressure was 55 cm CSF.

A. Axial T2 FS showing bilateral flattening of the posterior sclera and protrusion of the optic
nerve papillae into the vitreous space of the globe (arrow).

B. Axial T1+C FS showing bilateral enhancement at the papillae (arrow).
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Figure 3:
Active thyroid-associated orbitopathy.

A. Coronal T1 pre contrast showing extraocular muscle enlargement without fatty
infiltration (arrow).

B. Coronal T1+C FS showing extraocular muscle enlargement and enhancement (arrow).
C. Coronal STIR showing bilateral extraocular muscle enlargement and associated edema
(arrow), suggesting an active process.
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Figure 4:
A 79 year old female presented with slowly enlarging left upper and lower eyelid

lesions over the past year. Diffusion weighted imaging (DWI) showed hyperintense signal,
suggesting a hypercellular lesion. Biopsy confirmed mucosa-associated lymphoid tissue
(MALT) lymphoma.

A. Axial T1+C FS at the superior lid level showing uniform contrast enhancement of the left
upper lid (arrow).

B. Axial DWI showing hyperintense signal in the left upper lid.

C. ADC map of the lesion showing corresponding hypointense signal, signifying true
restricted diffusion.
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Figure 5:
A 77 year old female presented with progressively enlarging left lower eyelid lesion.

Diffusion restricted imaging (DWI) was hyperintense, suggesting hypercellularity of the
lesion. Biopsy was consistent with atypical lymphoid infiltrate.

A. Axial T1+C FS image showing left lower lid uniform contrast enhancement (arrow).

B. Axial DWI revealing hyperintense signal (arrow).

C. ADC map revealing corresponding hypointense signal (arrow), signifying true diffusion
restriction.

D. Axial T2 FS at the mid orbit showing expansion of the left lateral rectus, with associated
hypointense signal (arrow).

E. DWI showing hyperintense signal (arrow) in the left lateral rectus. Features suggest an
additional site of lymphoid tissue infiltrate.
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Figure 6:
A 41 year old male presented with left-sided ptosis, dysmotility, and orbital mass causing

compressive optic neuropathy. Biopsy was consistent with granular cell tumor.

A. Axial T1+C FS at the mid/upper orbit reveals avid and uniform contrast enhancement of
the lesion, which marginates the left medial rectus (yellow).

B. Axial DWI revealing intermediate signal in the lesion (arrow).

C. ADC map revealing slightly low signal in the lesion (arrow).
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Figure 7:
Visualization of CN Il schwannoma using constructive interference in steady-state (CISS)

sequences.
A. Axial T1+C FS showing an enhancing lesion corresponding to the cisternal segment of
CN 111 (arrow), just anterior to the right cerebral peduncle.

B. Coronal T1+C FS showing the same right CN 111 schwannoma (arrow) at the cisternal
segment.

C. Axial CISS showing the filling defect (arrow) corresponding to the enlarged right CN I1II.
Non-contrast techniques can be used to screen for lesions, and follow known lesions over
time.

D. Coronal reformatted image from source axial CISS acquisition showing the right CN 111,
similar to the coronal contrast sequence (Figure 7B).
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Figure 8:
A 19 year old male presented with left upper lid swelling, ptosis, and obscuring upward

gaze. A bulging, reddish mass with a faint thrill was palpable.

A. Axial T2 FS at the level of the superior orbit showing expanded left upper lid and frontal
brow soft tissues with tubular T2 hypointense flow voids (arrow).

B. Axial non-contrast time-of-flight (TOF) MRA at the level of the lenses showing flow
related enhancement within the left medial canthal soft tissue lesion, suggestive of an arterial
component (arrow)

C. Coronal maximum intensity projections (MIP) from TRICKS MRA, showing multiple
regions of enhancement within the left brow lesion. This image is from the early arterial
phase, showing the early arterial component within the brow (yellow arrow) and supply
from hypertrophied ophthalmic (ICA) and superficial temporal arteries (ECA) branches (red
arrows).
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Key study Author Year of DWI
endpoint publication technique
used

Inclusion

Sensitivity
(%)

Specificity
(%)

Haradome et | 2014 Unspecified
a/_28

Identification of
lymphoma

Lymphoma (29)
Benign orbital
lymphoproliferative
disorder (18)

94.1

93.3

Politi er al2” 2010 Unspecified

Lymphoma (38)
Normal orbit (18)

<0.775

96

93

Primary non-lymphoma
neoplasm (20)

Benign vascular lesion (15)
Benign inflammatory lesion
(12) Metastasis (11)

Sepahdari et 2010 EPI
al3

Lymphoma (6)
Inflammatory pseudotumor
(10)

100

100

ElKhamary 2018 EPI
et alb!

86.7

Razek eral?® | 2011 EPI

Differentiation of
malignant vs.
benign lesions

Malignant (22): Non-
Hodgkin lymphoma (6)
Metastasis (5)
Rhabdomyosarcoma (4)
Adenocarcima (2)
Other (5)

Benign (25):
Pseudotumor (5)
Lymphangioma (3)
Pleomorphic adenoma
(3) Schwanoma

(3) Venous malformation

(3)
Other (8)

<115

95

91

Sepahdari et 2010 EPI
a/_34

Malignant (16)
Benign (31)
(otherwise unspecified)

63

84

DW]I: Diffusion-weighted imaging
ADC: Apparent diffusion coefficient

EPI: Echo-planar imaging

Can J Ophthalmol. Author manuscript; available in PMC 2023 August 01.




	Abstract
	Background
	Standard MRI protocol
	Fat suppression and STIR imaging
	Diffusion-weighted imaging and ADC maps
	Dynamic contrast-enhanced imaging
	Steady-state MRI sequences
	Dynamic MR angiography
	Improvements in MRI systems

	Conclusion
	References
	Figure 1:
	Figure 2:
	Figure 3:
	Figure 4:
	Figure 5:
	Figure 6:
	Figure 7:
	Figure 8:
	Table 1:

