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ABSTRACT 
Purpose: Orbital tumors are relatively rare. Surgical resection of these tumors can be challenging on account of the 
complexity of intraorbital anatomy. Intraoperative injuries to intraorbital structures may result in severe complications; the 
surgical approach must therefore be carefully selected. We present a case series of 120 patients surgically treated for orbital 
tumors between 1990 and 2005.  
Patients and methods: All cases were reviewed using imaging and histopathological analysis. Among the three surgical 
approaches considered, we have identified the most suitable surgical approach for each case: an anterior approach was used 
in 10 cases, a lateral approach in 53 cases, and a transcranial approach in 57 cases. Except for tumors diagnosed as malignant 
or inflammatory orbital pseudotumors on intraoperative histopathological diagnosis, tumors were completely resected.  
Results: Postoperatively, three patients experienced visual impairments, three exhibited tonic pupil, and two developed 
permanent eye movement impairment.  
Conclusion: In our case series, the indication for a lateral approach was more prevalent than in previous reports. This 
approach, however, is not suitable for tumors in the medial compartment of the orbit or for tumors extending beyond the 
orbital apex. The transcranial approach is suitable for tumors in the medial compartment of the orbit, as well as those 
extending intracranially. The indication for an anterior approach was relatively limited; it was only used for tumors on the 
anterior half of the globe. Orbital tumors can be safely removed using the appropriate surgical approach. 
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INTRODUCTION

Orbital tumors are relatively rare [1]; a reliable estimate of 
the incidence of orbital lesions is difficult to obtain, as the 
reported incidence varies greatly [2]. Left unaddressed, these 
tumors can cause severe ophthalmological deficits, including 
loss of vision, difficulties in eyeball movement and 
exophthalmos [3]; thus, treating patients with symptomatic 
orbital tumors is critical.  

The complex anatomy of the orbit and the bony walls 
surrounding it hinder access for tumor removal. 
Furthermore, intra- and extra-orbital structures are closely 
associated with visual functions and eyeball movement; 
damage to these structures may result in severe functional or 
cosmetic problems for the patient. Surgeons must therefore 
minimize complications by carefully selecting the best 
approach for the removal of orbital tumors. 

In our case series (26 cases) published in 1996, we proposed 
that the relationship between the tumor and the optic nerve 

should inform selection criteria [4]. Subsequent large-scale 
surgical series have reported on surgical approaches: a 
recent major innovation has the potential to improve surgical 
intervention for orbital lesions; the endoscopic transnasal 
approach uses naturally present corridors and employs high-
quality video to provide a clear surgical field [5]. However, 
this  method  is  limited  to  tumors  located  medially  to  the 
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orbit. A recent report suggests that surgeons tend to select 
the transcranial approach; it provides an optimal exposure of 
tumors and is relatively less invasive than the lateral 
approach [6]. The existing literature, however, does not 
provide adequate criteria for choosing among surgical 
approaches for orbital tumors. We report a review of our 
consecutive case series and discuss the selection of a 
surgical intervention based on a tumor’s anatomical location. 

MATERIALS AND METHODS 

Clinical materials and methods 

A retrospective review of 120 cases was performed. We 
included patients who had undergone surgical resection of 
orbital tumors at our institution between 1990 and 2005. 
Data were collected from hospital records, outpatient clinic 
records and operative notes. All patients provided written 
informed consent. The study was approved by the 
institutional review board of Juntendo University and 
conformed to the Declaration of Helsinki. 

All patients were examined using computed tomography 
(CT) and magnetic resonance imaging (MRI) to determine 
tumor location and size. Neuro-ophthalmic functions, such 
as ocular fundus, visual acuities, visual fields and Hess 
charts, were also assessed before tumor removal. These 
assessments informed our selection of surgical approach. 

For histopathological diagnosis, tissue samples were stained 
with hematoxylin and eosin and examined by 
neuropathologists under a light microscope. If necessary, 
immunohistological stains were used for a definitive 
diagnosis. 

Postoperative assessments were performed in the outpatient 
clinic. Patients were given general and neuro-
ophthalmological examinations. Neuroradiological 

evaluations (MRI and/or CT) were performed within 2 
weeks following surgery. Tumor resection rates were 
determined with postoperative MRIs. 

Surgical technique 

We selected one of three surgical approaches for each case: 
(1) lateral, (2) transcranial, and (3) anterior [7,8]. The details
for each approach are described in the following sections.

Lateral approach 

Surgical procedures for lateral orbitotomy have been 
described previously [4]. An S-shaped skin incision was 
made superior and lateral to the eyebrow, posteriorly along 
the upper margin of the zygomatic arch (Figure 1A). We 
performed osteotomies above and one below the 
frontozygomatic suture; the lower osteotomy was at the level 
of the upper margin of the zygomatic arch. We further 
removed segments of the sphenoidal bone to reveal lesions 
within the muscle cone. 

The orbital fat was separated until most of the tumor surface 
was visible. Several self-retaining retractors were used to 
hold the dissected orbital fat (Figure 1B). If the lesions were 
circumscribed or encapsulated - as is the case in cavernous 
angiomas - en bloc resections were possible with the 
dissection of orbital fat and intraorbital structures. If the 
tumor was large and/or attached to the optic nerve, internal 
debulking between the tumor and optic nerve was performed 
before dissection.  

After tumor resection, the orbital contents were covered with 
a Gore-Tex membrane, as the periorbita is very fragile: in 
most cases, it is disrupted and resutured (Figure 1C). 
Finally, the lateral orbital rim was fixed with titanium plates 
and screws. The lateral orbital wall was not replaced with 
prosthetic material. 

Figure 1. A representative case with lateral approach. (A) The postoperative skin scar (arrows) was cosmetically acceptable. 
(B) Intraoperative photography of an intraconal cavernous angioma. A 4-blade self-retaining system (*) was used to expose
the surface of the large mass (arrows). (C) Postoperative axial computed tomography image. The lateral wall of the orbit and
tip of the middle fossa were removed via a drill. Gore-Tex was used to repair the periorbita (arrows).
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Transcranial approach 

For the transcranial approach, a typical bicoronal skin 
incision was made, and the skin flap was elevated. The 
pericranial flap was prepared for placement over a defect in 
the frontal fossa at the end of surgery, because the frontal or 
ethmoid sinus was opened during craniotomy in most cases. 
The supraorbital nerve was dislocated in a subperiosteal 
manner and wedged from the supraorbital notch to preserve 
sensation in the forehead. After the typical frontotemporal 
craniotomy, the superior orbital rim and orbital roof were 
removed. When the tumor was situated in the orbital apex or 
in the optic canal, the entire orbital roof was excised. 
Unroofing of the optic canal was then performed in an 
extradural manner. The periorbita was subsequently incised, 
and the orbital fat was dissected down to the tumor with two 
or three blades of a self-retaining system. The route into the 
muscle cone traversed between the complex of the levator 
and superior rectus muscles and superior oblique muscles. 
The tumor was removed with microsurgical dissection, as 
described for the lateral approach. When tumors, such as 
optic sheath meningiomas, extended into the optic canal, the 
cranial dura and optic sheath were opened to remove the 
tumor. The annual tendon was incised medial to the levator 
and superior rectus muscles to avoid injury to the 
oculomotor nerve, which passes through the oculomotor 
foramen lateral to these muscles. 

After tumor resection, the orbital contents were covered with 
an artificial membrane as described for the lateral approach. 
In cases with annual tendon opening, it was reapproximated 
with two or three sutures. Finally, the superior orbital rim 
and cranial bone flap were fixed with titanium plates and 
screws. Except in patients in whom both the orbital roof and 
lateral wall were removed, the orbital roof was not replaced 
with a prosthetic material. 

Anterior approach 

The anterior approach typically includes transconjunctival 
and skin approaches [7,9]. In this report, we excluded the 
former. Skin approaches were divided into superior and 
inferior. An upper or lower eyelid skin incision was made 
depending on the tumor location (Figure 2). If possible, the 
eyelid crease incision was used to improve cosmetic 
appearance after surgery. After skin incision, the 
subcutaneous layer was undermined to expose the 
periosteum. The lesion was then approached 
extraperiosteally. The periosteum was reflected and the 
periorbita was incised to gain access to the lesion. If 
possible, the periorbita was closed once tumor resection was 
accomplished. The orbicularis muscle, subcutaneous tissues, 
and skin were then approximated. If periorbital repair was 
not possible, the periorbita was left as it was. 

Figure 2. An anterior approach was performed using the lower eyelid skin incision. 

DATA ANALYSIS 

We reviewed the criteria for the surgical approaches for 
tumors from our hospital records. As our review was based 
on the relationships between the tumor and optic nerve, we 
classified tumors into three types based on anatomical 
locations: (1) medial to the optic nerve, (2) lateral to the 
optic nerve and (3) anterior to the globe. 

RESULTS 

Patients and lesion characteristics 

The mean patient age was 54.2 ± 14.2 years (range, 1-72 
years). We recruited a total of 120 patients (65 women, 55 
men). Presenting symptoms were as follows: proptosis, 113 
patients (94.1%); diplopia, 47 patients, (39.2%); visual 
impairment, 30 patients (25%); and pain, 20 patients 
(16.7%) (Table 1A). Pathological diagnoses for the patients 
are summarized in Table 1B. 
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Table 1A. Initial symptoms of intraorbital tumors. 

Symptoms Number of patients (%) 

Proptosis 113 (94.1) 

Diplopia 47 (39.2) 

Visual impairment 30 (25.0) 

Pain 20 (16.7) 

Proptosis 113 (94.1) 

Table 1B. List of histopathological diagnoses 

Diagnosis Number
s 

(%) 

Lacrimal grand tumors 30 25.0 

Pleomorphic Adenoma 16 13.3 

Adenoid cystic carcinoma 12 10.0 

Others 2 1.7 

Cavernous Angioma 20 16.7 

Meningioma 17 14.1 

Optic sheath menignioma 8 6.7 

Ectopic meningioma 1 0.8 

Secondarya 8 6.7 

Inflammatory pseudotumor 14 11.7 

Neurinoma 8 6.7 

Malignant Lymphoma 6 5.0 

Dermoid Cyst 3 2.5 

Optic Glioma 2 1.7 

Others 20 16.7 
aMeningiomas originated from the extraorbital space but 
extended to the intraorbital space 

Surgery and outcome 

The lateral approach was performed in 53 cases, the 
transcranial approach in 57 cases, and the anterior approach 
in 10 cases. Except in cases of diffuse malignant tumors, 
such as inflammatory orbital pseudotumors and malignant 
lymphomas, tumors were completely resected. Table 2 
summarizes postoperative symptoms and the approaches that 
may have caused them. Three patients experienced 
postoperative visual impairment, three patients experienced 
tonic pupil, and 12 patients experienced impaired eye 
movement (10 transient and 2 permanent). Tonic pupil was 
only seen in patients with intraconal tumors located in the 
lateral orbital apex that were removed using a lateral 

approach. Most symptoms, however, resolved after tumor 
removal, particularly those associated with visual function. 
None of the patients died of the surgical procedure. 

Table 2. Complications and causal surgical approaches. 

Approaches Lateral Transcranial Anterior 

Impaired eve 
movement 

6(1) 6(1) 0 

Tonic pupil 3 0 0 

Visual 
impairment 

1 2 0 

Numbers in parentheses are numbers of patients with 
permanent impairment 

DISCUSSION 

Historically, both ophthalmologists and neurosurgeons have 
managed intraorbital tumors [8]. However, the two fields 
have diverged in their approach for treating such tumors: 
representing an ophthalmological viewpoint, Bernardini et al 
reported that lacrimal gland tumors were mainly treated with 
an anterior approach [10]; arguing from a neurosurgical 
perspective, Maroon et al reported that meningiomas were 
removed using a transcranial approach [8,10]. In both these 
reports, presurgical assessment of the tumor size, 
demarcation, and type informed the approach. Our analysis 
used tumor location to determine the best surgical approach. 

Indications for surgical procedure 

Surgical treatment of orbital tumors is indicated for patients 
with symptoms such as proptosis, visual disturbance, orbital 
pain, and eye movement disturbance [8]. Some benign 
lesions, such as orbital varices with minimum symptoms, 
benign circumscribed tumor without symptoms, optic sheath 
meningiomas, and optic gliomas with useful vision, should 
be managed conservatively [11]; patients with these tumors 
should be monitored while visual function is intact, because 
there is a high possibility that surgical resection will result in 
loss of visual acuity [12]. This is particularly important for 
patients with optic sheath meningiomas and optic gliomas.  

In this series, patients with benign tumors, such as cavernous 
angiomas, neurinomas, optic gliomas, and optic sheath 
meningiomas, showed painless proptosis (37/38, 97%). On 
the other hand, patients with malignant tumors, such as 
lymphoid lesions and inflammatory processes, tended to 
complain about pain (19/20, 95%). Pain may therefore be 
used as a symptom in preoperative diagnosis. 

Surgical procedures for treating orbital tumors include 
needle biopsy, incisional biopsy, debulking surgery, 
excisional biopsy, and orbital exenteration. Needle biopsies 
or incisional biopsies are indicated for patients with invasive 
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malignant tumors, such as rhabdomyosarcoma, diffuse 
metastatic tumors, lymphoid tumors, and extensive poorly 
circumscribed malignant epithelial tumors of the lacrimal 
gland, as surgical reduction of tumor size dose not play a 
main role in the treatment of these tumors [13]. However, in 
patients in whom pleomorphic adenoma of the lacrimal 

gland is suspected, incisional biopsy should be avoided, as 
surgical rupture of the capsule may lead to recurrence; this is 
particularly pertinent for patients with slow progression, 
absence of pain, and bony erosion (Figure 3) [14,15]. In 
these cases, a complete en bloc excision decreases the 
chance of recurrence and malignant transformation. 

Figure 3. Aggressive reoccurrence after pleomorphic adenoma of the lacrimal gland. (A) coronal gadolinium-enhanced T1-
weighted magnetic resonance (MR) image. (B) axial gadolinium-enhanced T1-weighted MR image. (C) coronal computed 
tomography image. 

On the basis of histopathological analysis, a second surgery 
may be performed after biopsies. In this series, orbital 
exenterations were performed after biopsy in eight patients. 

Diagnostic biopsies were also performed for patients with 
inflammatory orbital pseudotumors, which are difficult to 
differentiate from infiltrative tumors (Figure 4). 

Figure 4. Axial computed tomography images of the infiltrate large mass in the right orbit. A diagnosis of inflammatory 
orbital pseudotumor was made following biopsy. 
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Choice of surgical approaches 

The choice of the appropriate surgical approach for orbital 
tumors is critical for minimizing complications and 
achieving satisfactory therapeutic results [8].

Lateral approach 

The lateral orbital approach has primarily been considered 
suitable for lesions confined to the lateral aspect of the orbit, 
such as lacrimal gland tumors [4,8,16]. However, we found 
that a modifying this approach by extending lateral 
orbitotomy provides surgeons a better view and 
manipulating space for the deep lateral portion of the muscle 
cone. With this additional step, this approach could be 
applied to tumors located in the lateral apex, intraconal 
tumors and tumors located beneath the optic nerve (Figure 

5) [17]. Unless the tumor extends to the superior orbital
fissure or optic canal, these tumors can be removed safely
through lateral orbitotomy. For tumors located beneath the
optic nerve, the lateral approach may be the only approach
(Figures 5 and 6) [17,18].

The lateral approach may, however, produce cosmetic 
complications: an incision has to be performed on the 
patient’s face, and the removal of the superior or lateral wall 
of the orbit could result in enophthalmos [4]. In our series, 
even among patients in whom the orbital roof or lateral wall 
was not replaced with a prosthetic material, enophthalmos 
was not observed. Further, wounds healed with minimal 
scarring within three months. 

Figure 5. A representative case with the tumor located beneath the optic nerve with lateral approach. (A) Preoperative 
sagittal T1-weighted magnetic resonance (MR) images with gadolinium enhancement, showing a cavernous angioma located 
under the optic nerve. (B) Postoperative sagittal T1-weighted image with gadolinium enhancement. Removal of the angioma 
improved compression of the optic nerve. 

Transcranial approach 

The transcranial approach has been widely employed for all 
orbital tumors [8]. Neurosurgeons favor this method for 
tumors with intracranial extension, [19,20] tumors located in 
the orbital apex or optic canal, [14,19,21-23] and intracranial 
tumors with extension into the orbit [20,24]. The transcranial 
approach is also suitable for tumors located in the medial 
compartment of the orbit (Figure 6) and may be used to 
resect tumors located in the lateral compartment [25]. The 
lateral approach may, however, provide an effective 
alternative for lateral tumors; craniotomy is much more 
invasive than lateral orbitotomy [17]. 

In the present investigation, the transcranial approach was 
used for intraconal tumors medial to the optic nerve, 
including tumors existing in the medial compartment of the 
orbit and/or extending intracranially through the optic canal 
or superior orbital fissure. For all eight patients with optic 

sheath meningioma, the optic nerve was extirpated with the 
tumor; indication for removal of these tumors is thus limited 
to patients without useful visual function. 

Anterior approach 

The anterior approach is indicated for anterior orbital tumors 
[7]. This approach has the advantage of exposing the tumor 
without orbitotomy. However, once the tumor extends 
behind the globe, the operative field is limited with this 
method. The anterior approach should therefore be limited to 
tumors that are located in the anterior half of the globe 
(Figure 6) [14]. 

Surgical complications 

Postoperative visual impairments were observed in three 
patients; though such cases may have been due to the 
compromise of the central retinal artery or undue retraction 
of the optic nerve, the cause remains unclear. Central retinal 
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arteries penetrated the optic sheath at or near the junction of 
the middle and anterior third of the length of the intraorbital 
optic nerve an average of 18.6 mm distal to the optic canal 

[26]. Preservation of the retinal artery is critical if the tumor 
extends below the optic nerve. 

Figure 6. Three different surgical approaches for orbital tumors. The regions which can be reached by each approach are 
shown.

We observed only one symptom associated with a specific 
approach in our series: three patients who developed tonic 
pupil postoperatively had intraconal cavernous angiomas 
removed through the space between the lateral and inferior 
rectus muscles using the lateral approach. Tonic pupil was 
believed to be caused by injuries to ciliary nerves and 
ganglion. The ciliary ganglion is located on the lateral side 
of the optic nerve and gives rise to the short ciliary nerves 
that run above and below the optic nerve to reach the 
posterior surface of the globe [4]. The lateral approach thus 
presents the potential risk of injury. 

Postoperative eye movement impairment occurred in 
response to traumatic retraction or stress to the extraocular 
muscles and/or branches of the oculomotor, abducens, and 
trochlear nerves. When the intraconal compartment is 
exposed, retraction of the extraocular rectus muscle is 
necessary to provide an adequate view of the target area. 
Severe retraction of these muscles results in impairment of 
eye movement; however, impairment is transient in most 
cases [27]. On the other hand, damage to nerves innervating 

extraocular muscles may result in permanent eye movement 
impairment. 

Special care needs to be taken to preserve nerves; for 
instance, when the medial region of the orbital apex is 
exposed, the anatomical path of the trochlear nerve has to be 
considered. This nerve passes through the superior orbital 
fissure and then traverses medially above the levator muscle 
to reach the superior oblique muscle [4]. As trochlear nerve 
palsy does not result in cosmetic complications following 
the loss of visual function, the nerve was removed along 
with the optic nerves in all eight patients with optic sheath 
meningioma.  

When opening the posterior third of the muscle cone, the 
relationship between the abducens and oculomotor nerves 
should be considered. The abducens nerve traverses through 
the annulus inferolateral to the oculomotor nerve, passes 
close to the lateral rectus muscle, and then enters its medial 
surface [4]. The risk of injury to the abducens nerve is much 
lower than that to the oculomotor and trochlear nerves 
because of their anatomical length. The branch to the 
inferior oblique muscle can occur when the anterior two-
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thirds of the muscle cone is exposed through the inferior 
route [4]. 

In this study, we did not discuss the transconjuctive and 
transnasal approaches; when treating large tumors, the 
former requires transecting more ocular muscle, which 
severely limits eye movements [27,28]. Though the 
transnasal approach may have been effective in our patients 
with tumors located immediately medial to the orbit without 
extension into the intracranial space, the overexpansion of its 
indication could cause severe complications; we therefore 
used the transcranial approach in such cases [5]. 

CONCLUSION 

On the basis of this review of 120 patients, we suggest that 
orbital tumors can be safely removed with the proper 
surgical approach. The lateral approach is appropriate for 
tumors in the lateral compartment of the orbit, as well as for 
those extending over half of the orbit, optic nerve, and 
orbital apex. The transcranial approach is optimal for tumors 
in the medial compartment of the orbit and those extending 
intracranially through the optic canal or superior orbital 
fissure. The anterior approach is useful only for tumors 
situated on the anterior half of the globe. 
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