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Background : Primary orbital tumors are relatively rarely encountered by neurosurgeons.
Several approaches to primary orbital tumors have been used depending upon the tumor
location, preoperative diagnosis, and the surgeon’s experience. Here, we present our clinical
experience with primary orbital tumors from a neurosurgical perspective.
Methods : A total of 11 patients with primary orbital tumors who underwent surgical resections
between January 2011 and December 2018 were included in the study. All clinical data,
including preoperative symptoms, visual function, operation record, histopathology, and
radiologic imaging were reviewed.
Results : The median age of the patients was 55 years, and diplopia and impaired vision
were the most common symptoms. Depending upon the tumor location in the orbit, the
intraconal type was seen in eight patients, the intracanalicular type was seen in two, and the
extraconal type was seen in one. Surgery on these tumors was performed by the transcranial
approach in nine patients and the endoscopic endonasal approach in two, depending upon
the meridian of the optic nerve. Gross total resection was completed in five patients, subtotal
resection in one, partial resection in one, and biopsies in four. Postoperatively, visual function
was improved in two of four (50%) patients, and preexisting vision was preserved in the other
nine patients.
Conclusions : Although the experience with primary orbital tumors was limited, we suggest
that favorable surgical outcomes can be achieved with an appropriate surgical approach by
understanding the anatomy of the orbit, especially the meridian of the optic nerve.
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▒ INTRODUCTION

orbital tumors between January 2011 and December 2018,
with the exclusion of secondary tumors extending from

The orbit has complex anatomy composed of nerves,

the surrounding structures. We retrospectively reviewed

muscles, vessels, and periorbital fat surrounded by cone-

the medical records including preoperative symptoms,

shaped bony walls, and it is challenging and unfamiliar for

visual assessments, cranial nerve function, histopathologic

neurosurgeons to access for tumor removal. Orbital tumors

reports, and surgical records. Preoperative computed

can be classified into two groups according to their origins

tomography and magnetic resonance (MR) imaging were

as primary lesions originating from structures within the

examined to identify the location, size, and relationship

orbit and secondary lesions that extend into the orbit from

of tumors for surrounding anatomical structures. All

the surrounding structures.[1] Orbital tumors also can be

surgeries were performed by a single neurosurgeon.

divided into three categories based on their anatomical
location within the orbit as intraconal (within the extraocular muscle cone), extraconal, and intracanalicular
(within the optic canal) types.[2]

2. Surgical technique
According to the location of the tumor in the orbit,
the included patients were operated on by two main

The surgical resection of an orbital tumor is needed

approaches, the transcranial and endoscopic endonasal

to ameliorate the patient’s symptoms and confirm the

approaches. The transcranial approach was used for

histopathology of the tumors. The surgical goal should be

tumors located at areas superior or lateral to the optic

minimal morbidity with emphasis on vision preservation.

nerve, and orbitofrontal or orbitotemporal craniotomy was

In terms of surgical approaches to orbital tumors, three

selected. The endoscopic endonasal approach was used for

surgical approaches can be applied. The transorbital

tumors located at areas inferior to the optic nerve.

approach is generally used for tumors in the anterior

1) Transcranial orbitofrontal approach

part of the orbit.[3] The transcranial approach is mostly

A curvilinear skin incision was made behind the hairline

used for lesions located in the posterior part of the orbit,

beginning 1 cm above the upper zygomatic arch and

and lateral and superior optic nerves.[4,5] Endoscopic

continuing to slightly over the midline. A scalp flap was

endonasal approaches can be used for tumors located

reflected to expose the orbitofrontal craniotomy and the

in the medial part of the orbit.[6,7] The selection of the

superior and lateral orbital rims were identified. The

surgical approach is mainly dependent upon the anatomical

supraorbital nerve must be protected during dissection

relationship between the tumor and the optic nerve.

over the supraorbital notch. The orbitofrontal craniotomy

[8] Familiarity with surgical anatomy and the surgeon’s

was performed by two-piece exposure, in which the

experience also affect the choice of the surgical route.

frontal bone flap as the first piece was elevated and the

In the present study, we described our experience with

superior rim including the orbital roof was removed as

11 cases of primary orbital tumors from the neurosurgical

the second piece. The removal of the orbital roof was

perspective, with a focus on the meridian of the optic

extended according to the extent of the orbital tumor.

nerve in the surgical approaches.

The periorbita was opened widely to relax the periorbital
fat, which was gently dissected to identify the anatomical

▒ METHODS

landmarks, the frontal nerve and the levator palpebrae
muscle on the midline. Further dissection to remove the

1. Patient cohort

tumor was performed by the medial approach between

A total of 11 patients underwent surgery for primary
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the superior oblique muscle and the levator palpebrae

and superior rectus muscle, or by the lateral approach

posterior ethmoid sinus was performed on the ipsilateral

between the lateral rectus muscle and the levator

side. Posterior septectomy of the nasal septum and

palpebrae and superior rectus muscle, depending upon

anterior sphenoidotomy were performed by a bimanual

the tumor location. After tumor removal, the periorbita

maneuver through a binostril approach. Medial orbital

was closed with artificial dura (Lyoplant; B Braun,

wall, lamina papyracea, was opened by the fracture with

Melsungen, Hessen, Germany) to prevent the formation

bone curette, and bony protuberance covering the optic

of exophthalmos by advancing the orbital tissues into

nerve was drilled out. A longitudinal periorbita incision

the cranial area during surgical closure. The orbital and

along the trajectory of the medial rectus muscle was made

frontal bones were repositioned and fixed with titanium

and the further dissection was done to remove the tumor

plates and screws. The scalp was closed in a layer-by-

between the medial and inferior rectus muscles. The

layer fashion.

periorbita was not closed, but the harvested bony piece

2) Transcranial orbitotemporal approach

was used to reconstruct the medial orbital wall as the

A skin incision as described above was made, but the

buttress to prevent enophthalmos.

temporal end was extended to 1 cm anterior of the tragus

This study was approved by the Ethical Institutional

to expose the zygomatic root. After subfacial dissection

Review Board (IRB) of Incheon St. Mary's Hospital (IRB

under the deep temporalis fascia with the preservation

No. OC21RASI0098) and the requirement for informed

of the frontalis facial nerve, zygomatic osteotomy was

consent was waived by the IRB.

performed, and the temporalis muscle was reflected in an
inferoposterior direction. The orbitotemporal craniotomy

▒ RESULTS

was performed by two-piece exposure, in which the
temporal bone flap as the first piece was removed and the

The median age of the included patients was 55 years

lateral rim including the sphenoid bone was elevated as the

(range, 16-80 years), and the male to female ratio was 1.2.

second piece. When the temporal craniotomy was done, a

The histopathologic diagnoses were cavernous hemangioma

part of the frontal bone could also be included to facilitate

in three patients, lymphoma in two, schwannoma in one,

the removal of the greater sphenoid wing. The exposure

adenocarcinoma in one, dermoid cyst in one, granular cell

of the lateral wall of the orbit included the superior orbital

tumor in one, metastatic tumor one, and pseudotumor in

fissure, and a longitudinal incision on the periorbita

one. These were categorized into three types depending

exposed the lateral rectus muscle. With further dissection

upon the location within the orbit as intraconal type in

at the lower border of the lateral rectus, an orbital tumor

eight patients, intracanalicular type in two, and extraconal

located in an area inferolateral to the optic nerve could be

type in one. Depending upon the location of the orbital

removed. The periorbita and bone flaps were closed by the

tumors relative to the optic nerve, superior, lateral,

same procedure described above.

and inferior locations were seen in three, two, and six

3) Endoscopic endonasal approach

patients, respectively. The median value of the maximal

When orbital tumors were located in areas inferior or

diameter was 18 mm (range, 10-50 mm). The preoperative

inferomedial to the optic nerve, an endoscopic endonasal

symptoms of the included patients were diplopia in four

approach was performed as an alternative procedure

patients, impaired visual function in four, facial numbness

to the transcranial approach. The nasal septal mucosa

in one, orbital pain in one, and an incidental lesion in one.

was elevated on the contralateral side and resection of

All patients with primary orbital tumors underwent

the middle and superior turbinate, ethmoid bullae, and

surgical resections. Transcranial approaches were
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Fig. 1
Surgical approaches for primary orbital tumors in the included patients.
Transcranial approaches were performed for tumors located in areas superior
or lateral to the optic nerve, and orbitofrontal or orbitotemporal craniotomy was
selected. The endoscopic endonasal approach was performed for tumors located
in areas inferior to the optic nerve.
A.: approach, ON: optic nerve, LAT: lateral, Med: medial, Sup: superior, SupLat: superolateral, Sup-Med: superomedial, Inf: inferior, Inf-Lat: inferolateral, InfMed: inferomedial.

Table 1. Clinical characteristics of the patients who underwent neurosurgical resection for primary orbital tumors
No.

Sex

Age
(yr)

Histopathology

Location in orbit

Location to Max, diameter
optic nerve
(mm)

Symptom

VA

VF

Approach

Visual
outcome

1

M

57

Lymphoma

Intracornal

Superior

50

Diplopia

0.6

N/D

Medial
orbitofrontal

No
change

2

M

55

Pseudotumor

Intracanalicular

Inferiorlateral

17

Facial
paresthesia

1

Lateral
orbitotemporal

No
change

3

M

55

Adeno Ca

Intracornal

Superiorlateral

24

Diplopia

0.9

Lateral
orbitofrontal

No
change

4

F

36

CM

Intracornal

Inferiorlateral

18

Decreased
VA

0.3

Lateral
orbitotemporal

Improved

5

F

54

CM

Intracornal

Superiormedial

13

Incidental

0.9

Medial
orbitofrontal

No
change

6

F

41

CM

Intracanalicular

Inferiormedial

10

Blindness

LP (–)

Endoscopic
endonsal

No
change

7

F

16

Schwannoma

Intracornal

Inferiorlateral

17

Orbital pain

1

Lateral
orbitotemporal

No
change

8

F

80

Metz

Intracornal

Lateral

23

Decreased
VA

0.06

Lateral
orbitotemporal

No
change

9

M

23

Dermoid cyst

Extracornal

Lateral

19

Diplopia

0.7

Lateral
orbitotemporal

No
change

10

M

64

Granular cell
tumor

Intracornal

Inferior

7

Decreased
VA

FC/50

Endoscopic
endonsal

Improved

11

M

68

Lymphoma

Intracornal

Inferiorlateral

40

Diplopia

1

Lateral
orbitotemporal

No
change

N/D

N/D

M: male, F: female, Max: maximal, VA: visual acuity, VF: visual field, N/D: not described, Ca: carcinoma, CM: cavernous malformation, LP: light perception, Metz:
metastasis, FC: finger count.
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performed in nine patients. Medial orbitofrontal

visual outcomes (Table 1).

approaches were performed in two patients with superior
or superomedial tumor locations relative to the optic

1. Illustrative cases

nerve, and the lateral orbitofrontal approach was used

1) Case No. 4

in one patient with a superolateral location. The lateral

A 36-year-old female patient was referred to our

orbitotemporal approach was used in six patients with

department because of rapidly decreased VA in the right

lateral or inferolateral tumor locations relative to the optic

eye from 0.7 to 0.3 for 10 days. The Humphrey visual

nerve. The endoscopic endonasal procedure was used in

field test and intraocular pressure were within the normal

two patients with inferior or inferomedial tumor locations

limits. On the orbital MR images, an 18 mm × 12 mm

relative to the optic nerve (Fig. 1). Gross total resection

× 15 mm-sized round tumor was seen in the intraconal

was completed in five patients with three cavernous

space of the orbit, with the inferolateral region on the

hemangiomas, adenocarcinoma, and dermoid cysts.

meridian of the optic nerve. The tumor showed high-

Two patients with metastasis and a granular cell tumor

and iso-signals on T2- and T1-weighted MR images,

underwent subtotal or partial resections of the tumor,

respectively, and there was a heterogeneous enhancement

respectively. Another patient with a pseudotumor and two

on the contrast-enhanced T1-weighted MR images. The

with lymphomas were completed by a biopsy to confirm the

patient underwent neurosurgical resection by the lateral

histopathology. One patient with schwannoma underwent

orbitotemporal approach. After opening the periorbita

a biopsy because the hard consistency of the tumor made

with a longitudinal incision, the lateral rectus muscle was

it unresectable. The visual outcome was evaluated in all

protected gently and retracted superiorly, and a mulberry-

patients during the postoperative period, and two patients

like mass with engorged thin-walled capillaries was seen.

with a cavernous hemangioma (case No. 4) and a granular

Sharp dissection between the tumor and the surrounding

cell tumor (case No. 10) showed an improvement in visual

tissue was performed, and feeding vessels were coagulated

function. The other nine patients showed no change in

and cut. The inferior rectus muscle was identified at the

visual function. Among the four patients with decreased

inferior part of the tumor, and the tumor was totally

visual acuity (VA), two patients (50%) showed improved

resected en-bloc. On the histopathologic examination,

Fig. 2
A

B

C

D

E

Case No. 4.
(A) On the T2-weighted magnetic resonance (MR) image, an intraconal tumor is shown at the inferolateral region on the meridian
of the optic nerve between the lateral rectus muscle and the inferior rectus muscle. The optic nerve was deviated superiorly by the
compression of the tumor. (B) The tumor has slight heterogeneous enhancement on the contrast-enhanced T1-weighted MR image.
(C) When the periorbita was opened after the lateral orbitotemporal approach, a mulberry-like mass with dilated capillaries was seen
at the inferior region of the lateral rectus muscle (black asterisk). The feeding vessel was coagulated and cut. (D) The inferior rectus
muscle (transparent asterisk) is shown in the inferior region of the tumor. (E) On the postoperative MR image, the tumor is not visible,
and the optic nerve is relieved.
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the tumor was confirmed to be a cavernous hemangioma.

the nasal steps, resection of the middle and superior

The periorbita was reconstructed with the help of artificial

turbinates and a posterior ethmoidectomy were performed

dura, and the surgical field was closed in a layer-in-

on the left side. The nasal septum mucosa was elevated

layer fashion. Postoperative MR images demonstrated no

on the right side and posterior septectomy and anterior

remaining tumor. After surgery, VA was improved to 0.8

sphenoidotomy was performed to access the instruments

and eye movement functioned normally (Fig. 2).

from the contralateral side. The bone covering the lateral

2) Case No. 10

opticocarotid recess, optic canal, and medial orbital wall

A 63-year-old male patient visited our clinic due to

was drilled out and removed. After opening the periorbita,

the deteriorated VA of the left eye and diplopia for seven

a sharp dissection was performed between the medial and

months. The corrected VA of the left eye was finger

inferior rectus muscles. The Annulus of Zinn was partially

count over 50 cm. Additionally, sixth cranial palsy was

resected to open the proximal space. A gray-colored

seen on the left side. On the preoperative MR image,

mass was seen with adhesion to the sixth cranial nerve

a 7 mm × 5 mm × 5 mm-sized round mass was seen

at the inferior region of the optic nerve that was soft and

in the left orbital apex with the inferior region on the

minimally vascularized. The tumor was partially removed

meridian of the optic nerve. The tumor had iso-signals

with the preservation of the normal neurovascular

on T1- and T2-weighted MR images and homogeneous

structures. On histopathologic examination, the tumor

enhancement on contrast-enhanced MR images. The

was confirmed to be a granular cell tumor. Four months

patient underwent the endoscopic endonasal approach

after the surgery, stereotactic radiosurgery at a dose of

through the binostril route to remove the tumor. During

14 Gy in a single fraction was performed on the remained

Fig. 3
A

B

C

E

F

G

D

Case No. 10.
(A) On the T2-weighted magnetic resonance (MR) image, an iso-signal tumor (white arrowhead) is shown at orbital apex with the inferior region on the meridian of the optic
nerve. The optic nerve was compressed and deviated superiorly by the tumor. (B, C) The intraconal tumor shows diffuse enhancement on the contrast-enhanced T1-weighted
MR image. (D) In the endoscopic endonasal approach, the tumor (black arrow) appeared at the inferior region of the optic nerve (transparent arrow) when the medial rectus
muscle (MRm) was retracted medially. (E) This tumor originated from the sixth cranial nerve (black arrowhead). (F) The tumor was removed partially with biopsy forceps. (G) On
the MR image examined three years postoperatively, the tumor was partially regressed and the clinical symptoms of the patient were improved.
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tumor. Visual function and diplopia gradually improved

nerve are usually accessed by a pterional or fronto-orbital

six months later, and the patient showed 0.4 corrected VA

temporal craniotomy with or without an orbitozygomatic

and the complete recovery of the sixth cranial nerve three

osteotomy.[2,12] This approach can be applied to tumors

years later (Fig. 3).

with intracranial extensions. Orbital tumors lateral to
the optic nerve and apex can be accessed by lateral

▒ DISCUSSION

orbitotomy.[12,13] For an orbital tumor located anteriorly,
an anteromedial micro-orbitotomy or transconjunctival

Primary orbital tumors are rare among the intracranial

approach is traditionally performed, but an extended

neoplasms that neurosurgeons encounter. Benign

endoscopic endonasal approach (EEEA) has been used

lesions are more common (64%) than malignant

recently as an alternative technique.[8] The EEEA provides

diseases, and the most common diagnoses are lymphoid

excellent access for intraconal and extraconal tumors that

tumor, idiopathic orbital inflammation, cavernous

are medial and inferior to the optic nerve and orbital apex.

hemangioma, lymphangioma, meningioma, optic glioma,

[12,14]

rhabdomyosarcoma, and dermoid cyst.[9] According to the

Although this study had a limitation in the number of

anatomical localization of the tumor, lymphoid tumors are

cases, we had successful surgical results for orbital tumors

most frequently encountered in the extraconal region and

by following the round-the-clock model to choose the

cavernous hemangiomas are common in the intraconal

surgical route. With the goal of preserving existing vision,

location.[10]

no patients showed any deterioration of VA after surgery,

The most common finding in orbital tumors is proptosis.

and two patients showed improvement in vision. Only five

[1] Although visual loss is often seen later, it may be

patients (45%) underwent complete surgical resection, but

seen earlier in tumors close to the optic nerve and optic

the results were favorable considering the principle that

apex.[11] Clinical symptoms differ depending upon where

neurological deficits should be avoided during surgery in

the tumor is located. If intraconal tumors compress the

the complex orbital structures and the histopathology,

optic nerve and extraocular muscles in the early stage,

such as lymphoma.

they can cause vision and eye movement impairment. In

Although most neurosurgeons are not familiar with

the advanced phases, intraconal tumors cause proptosis.

orbital tumors, this study suggests that favorable surgical

Extraconal tumors give rise to proptosis in the early

outcomes can be achieved with the appropriate surgical

period. The advanced stage symptom of these tumors is

intervention chosen by considering the anatomical

visual impairment. In the early stages, intracanalicular

relationship of the tumor to the optic nerve. Transcranial

tumors cause vision loss and papillary edema. Proptosis is

approaches provide useful access to tumors located

almost never seen in these tumors.[2]

superior or lateral to the optic nerve, and an endoscopic

The surgical approaches for orbital tumors usually

endonasal approach is applied to medial or inferior

follow the“round-the-clock”model of the orbit with

tumors. We suggest that the surgical goal should be tumor

its center at the optic nerve suggested by Paluzzi et al.

resection without compromising vision or the cranial

[12] This principle avoids working across the optic nerve.

nerves.

Therefore, orbital tumors lateral to the optic nerve must
be accessed through a lateral approach, and medial
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