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Abstract

to improve diagnostic accuracy.

Background: To evaluate the ophthalmic manifestations and radiographic features of ectopic orbital meningioma

Methods: Patient data from patients admitted to our institution during a 217-month period from August 1999 to
September 2017 were included. Patient ophthalmic manifestations, radiographic features (CT and MRI), diagnosis,
pathology, therapeutic regimens, and prognosis were retrospectively reviewed.

Results: Six patients with ectopic orbital meningioma were identified. The mean age at the first visit was 33.2 years
(range, 7-56 years). All six patients displayed manifestations of exophthalmos, upper eyelid oedema, and motility
impairment with a mean history of illness of 20.3 months (range 3-72 months). Optical lesions were located in
the superonasal extraconal compartment (3/6, 50%), bitemporal extraconal compartment (1/6, 16.7%) and orbital
intraconal compartment (2/6, 33%). Radiographic features were ill-defined, heterogeneous, enhancing soft tissue
masses with extraocular muscular adhesion (6/6, 100%) and calcification (1/6, 16.7%), not adjacent to the optic
nerve and not extending along the dura. Six cases were treated intraoperatively with complete surgical resection,
indicating that all lesions were independent of the optic nerve and sphenoid ridge. The histopathologic classification

should be considered.

was mostly of meningothelial cells (5/6, 83%). Immunohistochemistry revealed EMA and vimentin to have positive
expression in all six cases, while two cases were calponin-positive and strongly expressed in the olfactory bulb.
Postoperatively, lesions caused no visual impairment, and there were no cases of recurrence.

Conclusions: Ectopic orbital meningiomas are rare tumours that are not easily diagnosed without postoperative
histopathology. This report highlights some of the distinguishing features of isolated orbital lesions, especially
around the location of frontoethmoidal suture. Accompanying upper eyelid oedema and eye mobility restriction
were observed to be dissimilar to other orbital tumours. In these cases, a diagnosis of ectopic orbital meningioma
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Background

The meninges have three membranes, including the dura
mater, the arachnoid mater, and the pia mater, that en-
velop the brain and spinal cord. Meningiomas are a variety
of tumours caused by arachnoid “cap” cells of meningeal
arachnoid villi [1]. Orbital meningiomas can be considered
to be primary and secondary in origin [2]. Primary orbital
meningioma accounted for 5-10% of all orbital tumours
and 30% of all orbital meningiomas; they were also mainly
observed in adults and rarely in children [3]. Primary
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orbital meningiomas originate from the arachnoid layer of
the optic nerve sheath. Approximately 70% of orbital
meningiomas are secondary intracranial meningiomas,
usually originating at the sphenoid ridge, with orbital,
intracranial, and intraluminal intrusions [4].

A rare subset of orbital meningiomas that do not
involve the optic nerve sheath or sphenoid ridge were
initially considered to be “ectopic”. Ectopic orbital
meningiomas are occasionally reported as single or mul-
tiple case series in the literature. However, there exists a
paucity of published clinical evidence regarding the dis-
tinguishing features of ectopic orbital meningioma. Pre-
operative diagnosis is often difficult, which is not
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conducive to the establishment of surgical methods, sur-
gical operation, and follow-up treatment success.

All cases reported in this report were admitted to the
Tianjin Medical University Eye Hospital during a 217-
month period. Clinical manifestations, radiographic fea-
tures, and therapeutic regimens of these patients were
retrospectively analysed in the following report.

Methods

Study population

The present study was approved by the Tianjin Medical
University Eye Hospital Foundation Institutional Review
Board (REC No0.2017KY(L)L-56) and adhered to HIPAA
regulations as well as the principles of the Declaration of
Helsinki. The six patients included in this study were
selected from 162 cases with a pathological diagnosis of
orbital meningioma at Tianjin Medical University Eye
Hospital during a 217-month period between August
1999 and September 2017. Patients with known optic
nerve sheath meningiomas and intracranial meningi-
omas were excluded.

Data collection

Data were collected on patient symptoms, such as
headache, nausea, vomiting, and other intracranial
symptoms, and the results of regular eye examination,
including (i) a visual acuity and best corrected visual
acuity test using international visual chart; (ii) examin-
ation of the exophthalmos by a Hertel exophthalm-
ometer (differences in the bilateral exophthalmos of
more than 2 mm were regarded as abnormal); (iii)
examination of eye movement and periorbital changes;
and (iv) indirect ophthalmoscopy to check the fundus
after mydriasis. All patients underwent radiographic
examination, including computed tomography (CT) or
magnetic resonance imaging (MRI), to identify the loca-
tion of their tumour and relative location to the optic
nerve, extraocular muscle, and other peripheral tissues.

Therapeutic regimen and pathological diagnosis

Surgery was the preferred therapeutic regimen. All
patients underwent complete surgical resection, and sur-
gical approaches were divided into lateral orbitotomy or
anterior orbitotomy according to lesion location. All
tumour specimens were sent for pathological examin-
ation. The two-step method for immunohistochemical
staining was employed to detect the expression of EMA,
vimentin, S-100, Ki-67 and calponin and was performed
according to the manufacturer’s instructions (Shanghai
Bioleaf Biotech Co, Ltd., Shanghai, China). Phosphate
buffered saline (PBS) was used as the negative antibody
control, and the EMA antibody for clinical pathology
diagnosis was used as the positive control. Diaminobenzi-
dine (DAB)-staining, haematoxylin staining, dehydration,
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transparentisation and sealing with neutral balsam were
performed in that order. Positive staining presented as a
tan colour in staining assessment.

Results

Characteristics of the study population and their

medical conditions

All patients were diagnosed with monocular diseases.
Among them, four were male, and two were female, with
a male to female ratio of 2:1. The mean age at first visit
and age range were 33.2 and 7 to 56 years, respectively;
the mean disease history and range were 20.3 and 3 to
72 months, respectively. The main complaints recorded
at the first visit were upper eyelid oedema (6/6, 100%),
exophthalmos (5/6, 83%), ptosis (4/6, 66.7%), impaired
vision (2/6, 33%), diplopia (2/6, 33%) and tumours de-
tected by physical examination (2/6, 33%). Three pa-
tients developed intracranial symptoms; two of whom
had symptoms of nausea and vomiting due to diplopia.
One such patient had a headache in accordance with a
history of migraines for many years. Two patients had a
history of remote head trauma, but this was considered
unrelated to their intracranial symptoms. Patients were
misdiagnosed as having neurofibromatosis (one case),
eosinophilic granuloma (one case), venous haemangioma
(one case), and capillary haemangioma (two cases)
(Table 1).

Ophthalmic manifestations

In most cases, the visual acuity of patients was better
than 1.0 (4/6, 67%). All cases were observed to have
different degrees of unilateral exophthalmos (Additional
file 1: Figure. a and c). Other ophthalmic manifestations
included upper eyelid oedema, mobility restriction, light
diplopia, different levels of increased intraorbital pres-
sure, and fundus abnormalities, including papilledema
and optic nerve compression with an increased cup-disc
ratio (Table 1).

Radiographic features

All cases underwent either CT or MRI examination. CT
examination was indicative of ill-defined and heteroge-
neous lesions, with calcium spots present in one case.
Most cases were recognised as having neither optic
nerve nor sphenoid ridge involvement. Some cases were
observed to have tumours in close proximity to the optic
nerve. These were likely to be mistaken as originating
from the optic nerve because the human eye is limited
when identifying CT values. Indeed, completely pre-
served optic nerves were observed in all cases after sur-
gery, and the periosteal nerve had no proliferation and
no bone involvement. TIWI MRI was hypointense and
T2WI MRI was hyperintense in all cases. CT and MRI
images are shown in Fig. 1.
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Fig. 1 a and b MRI of case 1. a coronal TTWI showing the superonasal mass (arrow). b Axial T2WI showing an ill-defined and heterogeneous
mass and adjacent medial rectus (arrow). ¢ MRI of case 2. Axial T1 showing an ill-defined and heterogeneous superonasal mass and adjacent
medial rectus (arrow). d Axial CT of case 3. A well-defined intraconal mass adjacent to the anterior optic nerve (arrow). e and f MRI of case 4.
e Coronal T1 W1 showing the superonasal mass and no adjacent medial rectus (arrow). f Axial T1 W1 showing the ill-defined and heterogeneous

superonasal mass (arrow). g and h: CT of case 5. g Axial CT showing a well-defined intraconal lesion with a calcified mass (arrow). h Optic nerve was
compressed and dislocated but integrated into the structure (arrow)

Therapeutic regimen and pathological diagnosis

All cases underwent complete surgical resection. The
following surgical methods were used: four cases of
lateral orbitotomy, one case of transconjunctival orbitot-
omy, and one case of supraorbital orbitotomy. During
surgery, the optic nerves remained intact while tumour
resection was performed, and no orbital bone involve-
ment or periosteal proliferation was observed. However,
most tumours were observed as having different degrees
of adhesion with extraocular muscles, including the
medial rectus (two cases), lateral rectus (two cases), both
medial rectus and lateral rectus (two cases), and both
medial rectus and superior oblique (one case).

The postoperative histopathologic classification of five
cases revealed meningothelial cells, and one case re-
vealed psammomatous meningioma (Fig. 2b). In the
WHO grading system, the tumours of all six cases were
considered to be grade I[5]. However, case NO.1 was
considered to have low malignancy because of its inva-
sion of surrounding adipose tissue (Fig. 2a). All cases
underwent immunohistochemistry (IHC) (Table 2). IHC
revealed EMA and vimentin to be positive (Fig. 2c and
e); Ki-67 levels of all cases were less than 3% (Fig. 2d).
S-100 was expressed in the two youngest cases, which
showed low malignancy (Fig. 2f); Two patients had cal-
ponin expression (Fig. 2g). Calponin is an actin-binding
protein, and there is clear evidence from previous re-
ports that calponin is strongly expressed by meningeal
cells from the lamina propria of the olfactory bulb (OB)
[6]. Two patients in this report had calponin expression,
and both of these tumours were located in the superona-
sal extraconal compartment. For this reason, we specu-
lated that meningeal cells were supposed to pass
through the frontoethmoidal suture to the orbit and
grow into tumours.

After surgeries, all patients’ exophthalmos was obvi-
ously relieved (Additional file 1: Figure. b and d).
During the follow-up period (1-72 months), no post-
operative diminution of vision was noted, and no
recurrence was observed.

Discussion

The existence of ectopic orbital meningiomas is still de-
bated in the field of ophthalmology. Some previous cases
have likely been diagnosed as central nervous system or
atypical optic nerve sheath meningiomas, so ectopic or-
bital meningiomas may be underreported.

There is no definitive evidence as to the origin of ec-
topic orbital meningiomas. One theory, advanced by
Craig and Cogela [7], states that no meningeal tissue in
normal orbits other than the arachnoid of the optic
nerve should be observed after inspecting several aut-
opsy specimens histologically. It was also suggested that
ectopic orbital meningiomas originate from the optic
nerve sheath and migrate to ectopic locations. Tan and
Lim [8] suggested that ectopic orbital meningiomas
could originate from the arachnoid sheath of the cranial
nerves, as opposed to the optic nerve, in orbit. Further-
more, there is no evidence that arachnoid courses with
the cranial nerves into the orbit, in which cases the in-
volved arachnoid tissue must originate outside the orbit.
Another theory suggested that ectopic orbital meningi-
omas may originate from a regressed orbital meningo-
cele or from meningeal tissue trapped outside the centre
[9]. Irwin Tendler et al. [10] reported a case involving
the sinus and proposed sinus enlargement as a marker
of a congenital event that displaced meningeal cells. This
may have caused the formation of an ectopic lesion or
mechanical stress induced by the presence of an ectopic
orbital tumour, thereby causing sinus asymmetry.
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Fig. 2 a Epithelial-type meningioma with low malignancy. Tumours indicated an infiltrative growth pattern with invasion of surrounding adipose
tissue (arrow), HEx 40. b Image of psammomatous meningioma, HEx 200. c-g immunohistochemistry revealed positive staining for EMA, Ki-67,
Vimentin, S-100 and calponin respectively, IHC x 200. h PBS was used to replace the primary antibody as the negative control, IHC x 200

However, obvious sinus enlargement was not observed
in the present study.

In our study, we hypothesised that some ectopic meningi-
omas originate from meningeal cells of the OB, in which
case meningeal cells could pass through the frontoethmoi-
dal suture to the orbit. EMA and vimentin are important
markers of meningioma cells, and these proteins were
strongly expressed by tumour cells in all cases in the
present study. However, we also found only two cases posi-
tive for calponin in tumours which were just in the location
of the lateral antorbital frontoethmoidal suture. Interest-
ingly, calponin has been reported to be strongly expressed
by connective tissue cells, mesenchymal-derived cells, fibro-
blasts and meningeal cells from the lamina propria of the
olfactory mucosa (OM) and the OB [5, 11, 12].

To date, only 20 cases are described. Among them, 14
cases are from other studies in the literature, and the six
cases presented here were treated at our hospital over
the last 18 years. Among these cases, the male to female

Table 2 Tumors with immunohischemistry in different locations

NO. Location EMA Vimetin S-100 Calponin Ki-67
1 SEC + + + + 2%

2 SEC + + + - 0.5%
3 IC + + - - 0.2%
4 SEC + + - + 0.7%
5 IC + + - - 0.8%
6 BEC + + - - 1%

SEC superonasal extraconal compartment, /C intraconal compartment,
BEC bitamporal extraconal compartment

ratio and the mean age at presentation were 11:9 and
32.6 years (range 7-77 years), respectively. This is a
marked difference from typical meningiomas, where fe-
males are more commonly affected, with detection oc-
curring in the fourth or fifth decade of life. The tumour
itself was observed to have little impact on vision, as
most visual impairment was caused by excessive tumour
growth leading to optic nerve compression (4/20, 20%).
This finding differs from nerve sheath meningioma,
which affects vision early in its development.

All cases presented here were identified during
surgery. Remarkably, the tumours from 11 cases, in-
cluding three cases in our study and eight cases in
previous reports, were located in the superonasal
extraconal compartment near the frontoethmoidal su-
ture (11/20, 55%). Two cases reported in the previous
literature were noted to have neither CT nor MRI data
because they were diagnosed before these radiographic
instruments came into use. Among the other 18 cases,
radiographic features in most cases were ill-defined,
heterogeneous orbital masses (15/18, 83%). MRI
showed T1WI as hypointense and T2W as hyperin-
tense fat suppression signal enhancement. Some cases
of CT indicated calcium spots (4/18, 22%), and recur-
rence was rare with complete excision (2/20, 10%).
Finally, some of the tumours were obviously separated
from the optic nerve, and no evidence suggested bony
hyperostosis (Table 3) [3, 4, 8-10, 13-17].

Although the cases outlined here did not have a defin-
ite diagnosis before pathological testing, our study may
offer ophthalmologists cues to improve the diagnostic
accuracy for future patients. We found that most
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Table 3 Results of our 6 cases and 14 cases from literature review of ectopic orbital meningioma
Clinical Characteristics Literature Review Our Data Total Data
(N=14) (N=06) (N=20)

Sex

Male 7 4 11 (55%)

Female 7 2 9 (45%)
Range of age(years)(mean) 7-77 (32.4) 7-56 (33.2) 7-77 (32.6)
History(months) 6-60 (22.4) 3-72 (20.3) 3-72 (20.8)
History of head trauma 2 2 4 (20%)
Symptoms or sign

Exophthalmos 9 5 14 (70%)

Ptosis 2 4 6 (30%)

Upper eyelid edema 3 6 9 (45%)

Mobility restriction 4 6 10 (50%)

Fundus abnormality 2 2 4 (20%)
Tumor locations

Superonasal extraconal compartment 8 3 11 (55%)

Bitamporal extraconal compartment 1 1 2 (10%)

Intraconal compartment 5 2 7 (35%)
CT and MRI

ll-defined 9 4 13 (65%)

Well-defined 3 5 (25%)

Calcification 3 1 4 (20%)
Therapeutic regimen

Complete resection 12 6 18 (90%)

Radiotherapy 2 0 2 (10%)
Histopathology

Meningothelial meningioma 12 5 17 (85%)

Fibrous meningioma 2 0 2 (10%)

Psammomatous meningioma 0 1 1 (5%)

patients with ectopic orbital meningioma had upper eye-
lid oedema and eye mobility restriction through this
18-year clinical retrospective analysis, even though most
of the tumours did not involve the eyelids or cause in-
creased intraorbital pressure resulting in obstruction of
the returning fluid to the lower eyelid. Such findings are
not particularly common in other orbital tumours and
may be related to some unknown properties of meningi-
oma cells.

Conclusions

In summary, orbital isolate lesions, especially around the
location of the frontoethmoidal suture, had accompany-
ing upper eyelid oedema and eye mobility restriction not
observed in other orbital tumours. Therefore, ectopic or-
bital meningioma should be considered in such cases.
Ideally, further research into the origin and pathogenesis
of ectopic orbital meningiomas should be conducted.

Additional file

Additional file 1: Preoperative and postoperative appearances of two
patients. (PDF 5791 kb)

Abbreviations
CT: Computed tomography; MRI: Magnetic resonance imaging; OB: Olfactory
bulb; OM: Olfactory mucosa

Acknowledgement
We would like to thank Professor Guoxiang Song for his advice on this manuscript.

Funding

This study was supported by the Tianjin Medical University 13th Five-Year
Discipline Construction Fund, award number: 2016XK030505. The funders
had the opportunity to review the final version of the manuscript to address
any factual inaccuracies or request the revision of information deemed to be
proprietary or confidential and ensure that study support was disclosed.

Availability of data and materials
All datasets used and/or analysed in the current study are available from the
corresponding author upon reasonable request.


https://doi.org/10.1186/s12886-018-0959-z

Huang et al. BMC Ophthalmology (2018) 18:296

Authors’ contributions 15.
XH designed the study, wrote the ethics proposal and received Tianjin

Medical University Eye Hospital Foundation Institutional Review Board

approval, collected patient materials, performed the analyses, prepared 16.
monitoring of the study and drafted the manuscript. DT gave advice on the

study design and helped with the approvals from the Institutional Review 17.

Board. TW, TJ and FS critically reviewed and revised the manuscript. All
authors read and approved the final manuscript.

Ethics approval and consent to participate

This study was conducted in accordance with the tenets of the Declaration of
Helsinki and was approved by the Tianjin Medical University Eye Hospital
Foundation Institutional Review Board (REC No.2017KY(L)L-56). All authors
had permission to access patient records. We confirmed that all written
consent was obtained from the participants. For those participants under
the age of 16, consent forms were signed by their parents on behalf of
those participants.

Consent for publication

Written informed consent was obtained from all patients or their parents
prior to the publication of this case series. A copy of the written consent is
available for review by the Editor of this journal.

Competing interests
The authors declare that they have no competing interest.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details
'The School of Medicine, Nankai University, Tianjin 300071, China. *Tianjin

Medical University Eye Hospital, Tianjin 300384, China. *Tianjin Orbital Disease
Institute, Tianjin 300384, China.

Received: 17 January 2018 Accepted: 25 October 2018
Published online: 12 November 2018

References

1. Eggers H, Jakobiec FA, Jones IS. Tumors of the optic nerve. Doc
Ophthalmol. 1976;41(1):43-128.

2. Fortuna A, Nicole S, Palma L, Di Lorenzo N. Primary intraorbital
meningiomas. Riv Neurol. 1978;48(3):251-70.

3. Johnson TE, Weatherhead RG, Nasr AM, Siqueira EB. Ectopic (extradural)
meningioma of the orbit: a report of two cases in children. J Pediatr
Ophthalmol Strabismus. 1993;30(1):43-7.

4. Pushker N, Shrey D, Kashyap S, Sen S, Khurana S, Sharma S. Ectopic
meningioma of the orbit. Int Ophthalmol. 2013;33(6):707-10.

5. Louis DN, Ohgaki H, Wiestler OD, et al. World Health Organization classification
of tumours of the central nervous system. 4th ed. Lyon, France: IARC; 2007.

6. lbanez C, Ito D, Zawadzka M, Jeffery ND, Franklin RJ. Calponin is expressed
by fibroblasts and meningeal cells but not olfactory ensheathing cells in the
adult peripheral olfactory system. Glia. 2007;55(2):144-51.

7. Craig WM, Gogela LJ: Intraorbital meningiomas; a clinicopathologic study.
Am J Ophthalmol 1949, 32(12):1663-1680, illust.

8. Tan KK, Lim AS. Primary extradural intra-orbital meningioma in a Chinese
girl. Br J Ophthalmol. 1965;49(7):377-80.

Page 7 of 7

Decock CE, Kataria S, Breusegem CM, Van Den Broecke CM, Claerhout 1J.
Ectopic meningioma anterior to the lacrimal gland fossa. Ophthal Plast
Reconstr Surg. 2009;25(1):57-9.

Gunduz K, Kurt RA, Erden E. Ectopic orbital meningioma: report of two
cases and literature review. Surv Ophthalmol. 2014;59(6):643-8.

Wolter JR, Benz SC. Ectopic meningioma of the superior orbital rim. Arch
Ophthalmol. 1976;94(11):1920-2.

9. Farah SE, Konrad H, Huang DT, Geist CE. Ectopic orbital meningioma: a case

report and review. Ophthal Plast Reconstr Surg. 1999;15(6):463-6.

Tendler |, Belinsky |, Abramson DH, Marr BP. Primary Extradural Ectopic

Orbital Meningioma. Ophthal Plast Reconstr Surg. 2017;33(35):599-5101.

11. Tome M, Siladzic E, Santos-Silva A, Barnett SC. Calponin is expressed by
subpopulations of connective tissue cells but not olfactory ensheathing
cells in the neonatal olfactory mucosa. BMC Neurosci. 2007;8:74.

12.  Rizek PN, Kawaja MD. Cultures of rat olfactory ensheathing cells are
contaminated with Schwann cells. Neuroreport. 2006;17(5):459-62.

13. Yokoyama T, Nishizawa S, Sugiyama K, et al. Primary intraorbital ectopic
meningioma. Skull Base Surg. 1999;9(1):47-50.

14.  Arai H, Sato K, Matsumoto T. Free-lying ectopic meningioma within the

orbit. Br J Neurosurg. 1997;11(6):560-3.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Data collection
	Therapeutic regimen and pathological diagnosis

	Results
	Characteristics of the study population and their �medical conditions
	Ophthalmic manifestations
	Radiographic features
	Therapeutic regimen and pathological diagnosis

	Discussion
	Conclusions
	Additional file
	Abbreviations
	Acknowledgement
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

