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MR-Eye: High-Resolution Microscopy Coil MRI for the
Assessment of the Orbit and Periorbital Structures, Part 2:
Clinical Applications
N.W. Dobbs,

M.J. Budak,

R.D. White, and

I.A. Zealley

ABSTRACT
SUMMARY: In the ﬁrst part of this 2-part series, we described how to implement microscopy coil MR imaging of the orbits.
Beyond being a useful anatomic educational tool, microscopy coil MR imaging has valuable applications in clinical practice. By
depicting deep tissue tumor extension, which cannot be evaluated clinically, ophthalmic surgeons can minimize the surgical ﬁeld,
preserve normal anatomy when possible, and maximize the accuracy of resection margins. Here we demonstrate common and
uncommon pathologies that may be encountered in orbital microscopy coil MR imaging practice and discuss the imaging appearance, the underlying pathologic processes, and the clinical relevance of the microscopy coil MR imaging ﬁndings.
ABBREVIATIONS: BCC ¼ basal cell carcinoma; MC-MR imaging ¼ microscopy coil MR imaging

I

n the first part of this 2-part series, we described how to implement microscopy coil MR imaging (MC-MR imaging) of the
orbits and described pearls and pitfalls of the technique that were
acquired from experience at our institution (Ninewells Hospital,
Dundee). We have demonstrated that submillimeter depiction of
orbital structures using MC-MR imaging generates images that
provide functional and clinically relevant anatomy of the orbit
and orbital content.
As well as being a useful anatomic educational tool, MC-MR
imaging has many applications in clinical practice. The key principle in ophthalmic surgery is to preserve vision.1 Preoperative imaging already aids this via its depiction of compartmental lesion
location, guiding the most appropriate anatomic corridor to avoid
manipulation of the optic and oculomotor nerves.1 With the superior tissue contrast that MC-MR imaging offers compared with
conventional MR imaging and CT,2,3 MC-MR imaging increases
confidence in lesion location and extent into different orbital compartments. Furthermore, by accurately demonstrating deep tissue
tumor extension, the ophthalmic surgeons at our institution think
they can better plan surgical procedures, preserving structures that
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are difficult or impossible to reconstruct, while, at the same time,
maximizing the accuracy of resection margins.
Furthermore, through an understanding of the orbital pathologies and their appearance on MC-MR imaging, a greater degree of
confidence can be assured to diagnoses that are suspected clinically.4 This can help guide the surgeon and patient toward conservative management when appropriate, avoiding an inappropriate
resection or damage to vital orbital structures or, conversely, demonstrate the need for more extensive resection when necessary.4
Although it may not always reveal additional information that
would alter clinical management, MC-MR imaging will provide
the radiologist and the surgeon with the highest resolution imaging
of the pathology. By providing the highest resolution imaging the
first time around, MC-MR imaging provides the best value to the
patient by improving the clinician’s confidence and minimizing
the necessity for recalls and further clarification.
This article does not set out an exhaustive catalogue of orbital
pathology but does provide examples that highlight the benefits
of MC-MR imaging of the orbits. We describe common and
uncommon pathologies that may be encountered in orbital MCMR imaging practice and discuss the imaging findings together
with a description of the underlying pathologic processes and the
clinical relevance of the MC-MR imaging findings.

Basal Cell Carcinoma
Basal cell carcinoma (BCC) is the most common skin malignancy, with its incidence rising with increasing age.5-7 Although
the tumor only very rarely metastasizes,7 it is locally invasive, creating “rodent ulcers,” which, with time, may become very large
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from the ear is grafted into the surgical
defect to deliver the stability necessary
for a functional eyelid.12,15,16 Tarsal
plate invasion is difficult to determine
clinically, as shown in Fig 1. However,
involvement of the tarsal plate and
other important structures is exquisitely depicted on T1-weighted
MC-MR imaging sequences, allowing
advanced surgical planning to ensure
that appropriately skilled surgical personnel are present for reconstruction
and wound closure.

Dermoid Cyst
Dermoid cysts are benign lesions that
arise from rests of embryonic epithelium, which are abnormally sequestered into embryologic sites of fusion
and may be encountered as incidental
findings.17,18 However, they may present due to cyst growth causing mass
effect or following cyst rupture and
subsequent induction of a local inflammatory response.17,19
Dermoid cysts are lined by squamous
epithelium and may also contFIG 1. BCC of the left medial canthus in 2 elderly women. A, Clinical photograph of case 1. B,
Clinical photograph of case 2, which appears superﬁcially similar to the ﬁrst case. C, T1-weighted
ain skin appendages, including hair folaxial MC-MR imaging of case 1 demonstrates that the superior tarsal plate is intact (arrow) and
licles, sebaceous glands, and sweat
not invaded by tumor. D, T1-weighted axial MC-MR imaging of case 2 demonstrates full-thickness
glands, features that differentiate dertumor invasion of the superior tarsal plate (arrow), requiring complex oculoplastic reconstruction
moid from epidermoid cysts.18,20 These
surgery to optimize eyelid function after resection of the tumor. The tumor also abuts the tendipathologic features are mirrored in the
nous insertion of the medial rectus muscle (arrowhead), but there was no invasion of this found
during the operation.
imaging, with MC-MR imaging demonstrating a well-defined, extraconal
mass with components of varying sigand invade critical deep structures.8-11 BCCs are associated with
nal return depending on their contents. Most telling is the sebumthe stochastic effects of exposure to ultraviolet radiation, tending
rich component, which returns high signal on T1-weighted imagto occur in sun-exposed areas.7
ing, with signal drop-out on fat-saturated T1-weighted imaging.21
The medial canthus of the eye is a common but sometimes
This appearance is demonstrated in Fig 2.
surgically challenging site for BCC resection.9,10,12,13 This issue is
Surgical treatment for orbital dermoid cysts is primarily cosbecause the complex anatomy of the eyelids and tear ducts in this
metic, usually to reduce the degree of proptosis associated with
region may require complex reconstructive surgery10-12 and relithe mass effect. Surgery is also indicated when the mass impairs
able clinical assessment of the deep lesion extent is impossieye movement or when rupture causes orbital inflammation.22
10,11
ble,
with subclincal tumor extension being one of the main
MC-MR imaging is useful for preoperative planning through its
features found in recurrent BCC.14 When reporting MC-MR
demonstration of deep lesion extent; superficial lesions can be
imaging, we accurately describe the extent of tissue invasion. This
easily and completely excised, whereas deep lesions may require
description allows preoperative planning of the surgical field,
complex deep orbital dissection.22–24
aiming to minimize the extent of surgery to preserve eye and tear
duct function, while maximizing clear resection margins.
Melanoma
Uveal melanoma is the most common intraocular malignant tuInvasion of the superior tarsal plate in the upper eyelid is a
mor of adulthood.25,26 Nevertheless, it remains relatively uncomkey determinant of the subsequent complexity of reconstruc12,13,15
mon, with an annual incidence of 6 per million population.25,27
tion.
If this is spared, then surgical defects can usually be
12
Diagnosis and staging of uveal melanoma are usually purely cliniclosed directly. However, if tarsal plate involvement mandates
cal, with the use of ophthalmoscopy and slit lamp biomicrothe creation of a full-thickness surgical defect, then the tarsal plate
scopy.26,28 However, when there is secondary orbital melanoma,
needs to be reconstructed. This reconstruction necessitates repair
either as local spread or recurrence or as a true metastasis, imagby oculoplastic surgeons using a variety of different techniques,
including the Cutler-Beard bridge flap, in which conchal cartilage
ing with MC-MR imaging can add value.29,30
2
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FIG 2. Dermoid cyst in the superonasal quadrant of the orbit in a 46-year-old man who had presented with slowly progressive swelling on the medial aspect of the right globe. A, T1-weighted
sagittal MC-MR imaging demonstrates a superior layer of high signal intensity and an inferior layer
of lower intensity. The acquisition plane of B is denoted by the dotted line. B, Fat-saturated T1weighted axial MC-MR imaging shows signal drop-out of the superior layer, conﬁrming fat content and reinforcing the preoperative diagnosis of dermoid cyst.

can assist with diagnosis and devising
appropriate treatment, including the
planning of surgical excision when
appropriate.
An interesting and unusual lacrimal cause of lateral upper eyelid swelling is a prolapse of otherwise-normal
lacrimal tissue, surrounded by fat,
under the superior orbital rim. While
this is a relatively reassuring diagnosis,
the surgical management of lacrimal
gland prolapse can be challenging.
Macroscopically, the prolapsed lacrimal tissue resembles hypertrophied
fat, which can lead to an inadvertent
lacrimal resection during blepharoplasty, with subsequent aqueous tear
deficiency and resultant damage to the
surface of the eye.34,35 MC-MR imaging evaluation of palpebral swelling
can alert ophthalmic surgeons to this
diagnosis, as was the case in Fig 4, and
help avoid inadvertent lacrimal gland
resection.

Venous Malformation
Venous malformations, previously
known as cavernous malformations,
are the most common orbital vascular
lesions of adulthood. Typically, they
present with painless proptosis or
may occasionally be diagnosed as an
incidental finding on head imaging
for other indications.36
Rapidly progressive proptosis due
to
a
venous malformation has been
FIG 3. Intraorbital melanoma metastasis in an elderly woman with previous enucleation for pridescribed in both puberty and pregmary iris melanoma.T1-weighted sagittal MC-MR imaging (A) and T1-weighted axial MC-MR imaging (B) demonstrate a bilobed mass (dashed white line) involving the extraocular muscles (arrows)
nancy.37 The accelerated growth of the
and abutting the periosteum of the lateral orbital wall (dotted white circle). The tarsal plate was
malformations in pregnancy has been
also invaded. Surgical resection margins were planned accordingly, with clear margins conﬁrmed
attributed to the increase in serum
on histologic examination of the resection specimen.
concentrations of vascular endothelial
growth factor, which occurs with the
progression of pregnancy, because imSecondary orbital melanoma has a propensity to involve the
munohistochemical studies have shown that venous malformaextraocular muscles.29-31 The detailed depiction of the extent of
tions express vascular endothelial growth factor receptors.38
tumor invasion provided by MC-MR imaging facilitates surgical
These observations support the hypothesis of a hormone-driven
planning to ensure full clearance. The case shown in Fig 3 demand angiogenic cytokine-mediated growth pattern.36
onstrates periosteal involvement, and surgical margins were
The nature of the underlying pathologic processes that lead to
adjusted accordingly.
the development of venous malformations is a controversial topic,
with some sources postulating a purely venous origin while others
suggest that they are a form of low-flow arteriovenous malformaLacrimal Gland Prolapse
tion with a fibrous pseudocapsule.36,39,40 Nevertheless, they have a
The lacrimal glands contain both lymphoid and epithelioid tissues and so may be affected by a diverse range of pathologic proccharacteristic appearance that facilitates the radiologic diagnosis.
esses.32 The presentation of lacrimal disorders typically involves
They are typically well-defined, lobulated masses, with signal isointense to muscle on T1-weighted acquisitions and hyperintense to
nonspecific swelling of the outer aspect of the upper eyelid; clarimuscle on T2-weighted acquisitions. This appearance is demonfying the cause of localized palpebral swelling on clinical grounds
strated in Fig 5.
alone is challenging.32,33 We have found that MC-MR imaging
AJNR Am J Neuroradiol :
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acuity. However, the lesions often insinuate between the compartments of the
orbit and can be intricately related to
the extraocular muscles and optic nerve.
This feature makes complete surgical
excision challenging, with recurrence
common.36,41 Thus, percutaneous sclerotherapy is now thought an excellent
treatment option for the condition
because it has been shown to be safe
and effective.41 In Fig 6, a recurrent
lymphatic malformation is demonstrated, with MC-MR imaging as part
of the work-up before bleomycin
sclerotherapy.
FIG 4. Lacrimal gland prolapse in a 27-year-old woman who had presented with palpebral swelling
of uncertain origin. T1-weighted coronal MC-MR imaging (A) and T1-weighted sagittal MC-MR imaging (B) demonstrate prolapse of the lacrimal gland (LG) under the superior orbital rim (SOR). The
patient was reassured and discharged from the clinic. Should future blepharoplasty be considered,
intraoperative repositioning of the gland would be incorporated into the surgical planning.16

Summary

Cross-sectional imaging is already
in use for orbital abnormalities,27,36
and MC-MR imaging of the orbits
has been previously described but
with rather limited clinical application.2,42-44 However, the high spatial
resolution of MC-MR imaging facilitates assessment of lesions and their
relationship to normal anatomic
structures in detail sufficient to more
confidently and accurately guide the
therapeutic approach. MC-MR imaging is particularly valuable for depicting tumor invasion of critical small
structures such as the tarsal plates
and for depicting clean fat planes
between important structures or
obliteration of these planes due to tumor invasion. Thus, MC-MR imaging
can be implemented for imaging of
orbital mass lesions in routine clinical
practice. Furthermore, while diagnoFIG 5. Venous malformation in a middle-aged woman. T1-weighted sagittal MC-MR imaging T1 (A)
ses are usually established on clinical
and T2-weighted sagittal MC-MR imaging (B) demonstrate a well-deﬁned, lobulated mass (VM)
with signal isointense to muscle on T1-weighted acquisitions and signal hyperintense to muscle
grounds, we have observed that charon T2-weighted acquisitions. A clean fat plane (arrowhead) separates the lesion from the globe
acteristic MC-MR imaging appearan(G), in keeping with a ﬁbrous pseudocapsule. Such narrow fat planes would not be resolved on
ces of several orbital pathologies can
head coil MR imaging. Despite close proximity, neither the rectus muscles nor the tarsal plate
facilitate diagnosis in some unusual
was involved, and the lesion was surgically removed intact.
cases.
The added value of MC-MR imaging over conventional MR imaging is
Lymphatic Malformation
clear in many of the cases presented. We accept that in some cases,
Lymphatic malformations are benign lesions that tend to be diagpatients would have been managed appropriately with convennosed in early childhood. They are nonencapsulated and consist of
tional CT or MR imaging. However, until an imaging investigation
multiple lymph-filled channels of various caliber, separated by fine
is performed, it may not be clear whether a particular case will bensepta.36 As slow-growing lesions, they usually present with gradual
efit from high-resolution imaging. We are aware of the need to
onset and progressive proptosis but can present with more sudden
provide the best value for patients. We suggest that by performing
proptosis in the case of intralesional hemorrhage.41 Management is
MC-MR imaging as the first-line investigation, we are delivering
often conservative, and traditionally surgery was considered when
the best value to patients by providing the highest resolution imagthe degree of proptosis caused distress on cosmetic grounds or if
ing the first time around and avoiding the delay, inconvenience,
the intraorbital involvement impaired eye movement and visual
and expense of recalls for clarification. Furthermore, the surgeons
4
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FIG 6. A persistent lymphatic malformation in a middle-aged man who had undergone multiple previous operations and steroid injections. MCMR imaging was performed to guide deﬁnitive management. A, Conventional head coil T2-weighted axial MR imaging demonstrates the lymphatic malformation, but the clarity of depiction of the lesion margins and relationships is insufﬁcient to guide treatment. T2-weighted axial
MC-MR imaging (B) demonstrates the lesion's characteristic appearance (arrow) and T1-weighted coronal MC-MR imaging (C) demonstrates the
lesion (dotted white line) extending from the periorbital soft tissues into the orbit and intraconally, an extent of involvement that precludes
safe surgical intervention. Consequently, bleomycin sclerotherapy was performed with pretreatment (D) and posttreatment photography (with
the patient’s permission) (E) demonstrating aesthetic improvement.

with whom we work have become accustomed to high-resolution
MC-MR imaging of orbital pathologies and indicate that they find
that these images allow them to better visualize what they will encounter at the operation and how best to plan their procedures.
As well as providing a descriptive radiologic report, we encourage review of the images alongside the ophthalmic, oculoplastic, or dermatologic surgeons. This collegial approach helps
the radiologist understand the clinically and surgically pertinent
findings and helps the surgeon by delineating the often-complex
anatomic relationships between orbital lesions and surrounding
structures. This close clinical liaison builds a mutually beneficial
interdisciplinary relationship and increases the appropriateness
and utility of referrals for MC-MR imaging, leading to better
informed treatment plans and optimization of patient outcomes.
Disclosures: Ian A. Zealley—UNRELATED: Employment: National Health Service
Tayside, Comments: This is the health service that employs me to perform clinical work. Expert Testimony: legal ﬁrms, Comments: expert opinion provided in
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