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Summary

Objective. A series of 21 patients with tuberculum sellae meningi-

oma who received surgical treatment is reported.

Patients and Methods. All 9 females and 12 males (mean age 49

years) presented visual disturbances of varying degrees in either one

or both eyes. Eighteen of the tumours were less than 3 cm in size, and

3 were larger. Tumour resection of uniform surgical technique was

performed in all cases. Following a bicoronal scalp incision, bifron-

tal craniotomy combined with removal of the orbital rim bilaterally

was performed. The frontal dura was opened bilaterally, and the

most anterior portion of the superior sagittal sinus was transected.

Bifrontal retraction and arachnoid dissection along the proximal ol-

factory tracts brought the tumour into view. Additional dissection of

the interhemispheric ®ssure extended the operative ®eld to the ante-

rior communicating artery. The anterior skull base was drilled out to

resect the basal part of the tumour. In all cases, the optic canal and

sphenoid sinus, and additionally in some cases the ethmoid sinus

were opened. The tumour uniformly extended inferomedially to the

optic nerve, and direct visualization of this portion of the tumour

was possible with our approach. The opened paranasal sinuses were

reconstructed with adipose tissue harvested from the patient's ab-

domen and the pericranial ¯ap.

Results. In all patients, total or almost total resection of the

tumour was accomplished. Postoperatively, visual function was

improved in 11 patients, was unchanged in 8, and worsened in 2.

There were no operative deaths. Cerebrospinal ¯uid leakage was

occurred in two patients but could be conservatively managed. In a

mean 3-year follow-up, tumour recurrence was observed in only one

patient who presented a malignant histology.

Conclusions. We are con®dent that our surgical approach has

great clinical value in surgical resection of tuberculum sellae menin-

gioma. The good accessibility to a tumour extending inferomedially

to the optic nerve should, in particular, be stressed.
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Introduction

Tuberculum sellae meningiomas frequently origi-

nate from the tuberculum sellae, chiasmatic sulcus and

limbus sphenoidale, but also may originate from the

diaphragma sellae or anterior clinoid region. The most

common presenting symptoms and signs on admission

are visual disturbances that are asymmetric, starting

in one eye, worsen, and then spread to the other eye.

Enhanced magnetic resonance imaging (MRI) usually

reveals a homogeneously enhanced lesion centered on

the tuberculum sellae and chiasmatic sulcus. A stan-

dard technique for resection of tuberculum sellae

meningiomas is a unilateral subfrontal or frontote-

mopral approach, or a bifrontal approach [1, 2, 3, 4, 5,

7, 8, 9, 10, 11], although a transsphenoidal approach

was reportedly used recently [6]. We report 21 patients

with tuberculum sellae meningioma who underwent

tumour resection utilizing a uniform surgical tech-

nique. Bilateral orbitofrontal craniotomy was utilized,

and opening of the optic canal and sphenoid sinus was

required in all cases to resect the tumour and its dural

attachment. The tumour then was resected trans-

cranially and transsphenoidally. Following tumour

resection, the skull base defect was reconstructed using

adipose tissue and a pericranial ¯ap. The advan-

tages and complications associated with our surgical

approach are described, and its clinical value is dis-

cussed.

Cases

Clinical Material

During the period from 1991 to 1998, we treated surgically 21 pa-

tients [9 female and 12 male] diagnosed as having tuberculum sellae

meningiomas at Juntendo University Hospital. Magnetic resonance

imaging (MRI) indicated the tumours originated from the tuberc-

ulum sellae, chiasmatic sulcus and limbus sphenoidale, extended su-

periorly and laterally, and compressed optic apparatus (Figs. 1, 2).

Eighteen of the tumours were less than 3 cm in diameter, and three

were larger. The 21 patients ranged in age from 21 to 71 years (mean,

49). All presented decreasing visual acuity and various types of visual

®eld defect. Thirteen of the 21 involved monocular, and 8 binocular
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complaints. There was a tendency for rather small tumours to be lo-

cated o¨-midline in patients with monocular visual disturbances,

and larger tumours midline in those with binocular signs (Fig. 1). All

patients underwent tumour resection by means of the following uni-

form surgical technique. The interval from onset to surgery ranged

from 2 to 36 months, for an average of 16 months.

Operation

Prior to a scalp incision, a spinal catheter is inserted and connected

to a sterile collection bag, and adipose tissue is harvested from the

patient's abdomen for postsurgical skull base reconstruction. The

patient is placed supine, and the operating table is adjusted so that

the patient's head and trunk are elevated 20 degrees. The head is

maintained straight and moderately hyperextended, and ®xed in a

May®eld headrest. A bicoronal scalp incision is followed by dissec-

tion and elevation of a pericranial ¯ap from the frontal bone in

preparation for postsurgical skull base reconstruction. The orbital

rims are removed bilaterally following ordinary bifrontal craniot-

omy. After the frontal dura is opened bilaterally and the most ante-

rior portion of the superior sagittal sinus is transected, 30 to 50 ml of

cerebrospinal ¯uid is slowly drained through the previously posi-

tioned spinal catheter. Arachnoid dissection along the proximal ol-

factory tracts and minimum brain retraction bring the tumour into

view. Additional dissection of the interhemispheric ®ssure extends

the operative ®eld to the anterior communicating artery. A key pro-

cedure involves dissecting the arachnoid membrane along the olfac-

tory tract as deeply as possible because the optic nerves always are

located behind the deepest part of the olfactory tract even though the

tumor is su½ciently large to elevate and displace the optic nerve.

Before internal debulking of the tumour is performed, the basal as-

pect of the tumour is devacularized with a bipolar coagulator. This

procedure allows early interception of tumour feeders, but should be

limited to the mid-portion of the tumour to avoid injury to the optic

nerve. After the tumour is debulked, the laterally displaced optic

nerves are identi®ed. The tumour is slowly and carefully dissected

from the ¯attened or engulfed nerve. To preserve any remaining vi-

sion, dissection of the optic nerve and its blood supply should be

meticulous. In most cases, the internal carotid artery is simply dis-

placed laterally by the tumour, and preservation of an arachnoid

Fig. 1. Gadolinium-DTPA (Gd)-enhanced T1-weighted magnetic resonance imagings (MRI) of tuberculum sellae meningiomas. Upper and

lower rows, respectively, indicate unilateral and bilateral visual signs of three di¨erent patients. Rather small tumours tended to be located o¨-

midline in patients with monocular visual disturbance, and larger tumours midline in patients with binocular disturbances
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plane facilitated so that the posterior communicating artery, anterior

choroidal artery and their perforating arteries are kept intact. Most

tumours extend back under the hypothalamus, displacing the pre-

served pituitary stalk backwards and to one side. Meticulous dissec-

tion and removal of a tumour from the hypothalamus and pituitary

stalk are mandatory. In order to resect the basal part of the tumour

and its dural attachment, the anterior skull base is drilled out. In all

cases, the optic canal and sphenoid sinus, and additionally in some

cases the ethmoid sinus are opened. The tumour uniformly extends

inferomedially to the optic nerve, and direct visualization and resec-

tion of this portion of the tumour easily could be achieved with our

approach (Fig. 3). Opened paranasal sinuses basically are recon-

structed with adipose tissue harvested from the patient's abdomen

and a pericranial ¯ap. When the hole into the paranasal sinuses is not

too large and the mucosa is intact, a piece of fat is stu¨ed into the

hole with ®brin glue, but a pericranial ¯ap is not utilized. Post-

Fig. 2. Pre- (upper row) and postoperative (lower row) Gd-enhanced T1-weighted MR images of three di¨erent patients (columns, left to right)

with tuberculum sellae meningioma. Anterior skull base was drilled out to remove basal portion of tumor in all 3 cases

Fig. 3. Intra-operative photographs of patient with tuberculum sellae meningioma. Opening sphenoid sinus (ss) and unroo®ng left optic canal

brings tumour (t) extending inferomeidally to left optic nerve (lt on) into operative view (left). Following tumour resection (center), hole into

sphenoid sinus is reconstructed with adipose tissue ( f ) harvested from patient's abdomen and pericranial ¯ap (right). lt ot Left olfactory tract;

ch optic chiasm; rt ot right olfactory tract; rt on right optic nerve; ps pituitary stalk
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operatively, continuous drainage of cerebrospinal ¯uid through the

spinal catheter, and bed rest for 4 to 5 days is required.

Results

Total or almost total resection of the tumour was

accomplished in all 21 cases (Fig. 2). Although a small

section of the tumour was left in a few cases because

the tumor tightly adhered to the optic nerve and/or

chiasm, anterior skull base drilling facilitated radical

resection of the basal part of the tumour and its dural

attachment in all cases. The sphenoid sinus was

opened in all 21 cases, and the ethmoid sinus addi-

tionally in some cases. The optic canal was unroofed

unilaterally in 11 cases with monocular visual distur-

bance and in 4 cases with binocular disturbances. In

the remaining 6 cases, both optic canals were unroofed

even though 2 of the 6 only presented monocular

visual disturbance. Postoperatively, visual function was

improved in 11 patients, unchanged in 8, and worsened

in 2 (Table 1). Table 2 lists the complications for the

series. Although either one or both olfactory tracts

were preserved in 18 cases, almost all patients pre-

sented anosmia just after the operation. However, the

olfactory function returned to normal or almost nor-

mal in 16 patients. The pituitary stalk was preserved

in all 21 cases, but postoperatively some patients

presented transient diabetes insipidus. None of 21

patients, however, required any kind of hormone re-

placement therapy at one postoperative month. Cere-

brospinal ¯uid leakage occurred in two cases but could

be managed with additional cerebrospinal ¯uid drain-

age for one week. None of our patients presented post-

operative meningitis. In a 3-year follow-up, tumour

recurrence was observed in one patient only who pre-

sented an atypical meningioma.

Discussion

One of the surgical approaches preferred for tu-

berculum sellae meningiomas is subfrontal elevation of

the right frontal lobe just in front of the sphenoid wing

[5, 8]. Andrew and Wilson have used the right sub-

frontal approach for most patients unless visual loss is

greater on the left side [2]. Symon and Rosenstein

reached the tumour subfrontally along the midline

following right frontal craniotomy, and resected the

most anterior portion of the frontal lobe in large

tumours [11]. MacCarty et al. utilized the fronto-

temporal approach, the side being determined by the

major bulk of the tumour or by the side of greatest vi-

sual loss, and reserved bifrontal craniotomy for only

very large tumours [7]. Al-Mefty et al. chose unilateral

or bifrontal craniotomy depending on the tumour's

size, and stressed the versatility of the bifrontal

approach for large tumours [1]. Samii and Ammirati

stated that, since the tuberculum sellae meningiomas

originated from the planum sphenoidale and tuber-

culum sellae in the midline, they were best and most

safely approached through bifrontal craniotomy with

elevation of both frontal lobes, reaching the tumours

along the sagittal and parasagittal plane, and recom-

mended the bifrontal approach for the tuberculum

sellae meningiomas irrespective of the tumour's size

[10]. Patterson, on the other hand, pointed out such

disadvantages of the bifrontal approach as bifrontal

lobe injury. They suggested that exposure of the tu-

mour and surrounding anatomy was not as good as

indicated by proponents of the bifrontal approach, and

that a unilateral subfrontal approach was just as satis-

factory as a bilateral exposure and spared one frontal

lobe from manipulation [9]. In our series, a bifrontal

approach was uniformly utilized regardless of the tu-

mour size because we were con®dent this approach al-

lowed surgeons to deal with a tumour from the midline

as well as from the right and left. In addition, ap-

proaching to the tumour along the midline facilitated

removal of the roof of the optic canal, particularly

when bilateral unroo®ngs were required, and provided

good visualization of the tumour extending infero-

medially to the optic nerve. Removal of the orbital rim

bilaterally, untethering of the olfactory tracts bilater-

ally, and additional dissection of the basal portion of

Table 1. Results of Visual Function in Relationship to Tumour Size

Size of tumour Improved Unchanged Worsened

Less than 3 cm (18 cases) 11/18 6/18 1/18

Larger than 3 cm (3 cases) ± 2/3 1/3

Table 2. Surgical Complications Among 21 Patients

Complication No. of cases

CSF leak 2

Transient 2

Requiring repair 0

Anosmia/hyposmia (permanent) 5

Diabetes insipidus 5

Transient 5

Permanent 0

Early postoperative seizures 2
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the interhemispheric ®ssure provided us with a good

operative view with minimum brain retraction. We

believe that such skull base techniques and meticulous

microsurgical dissection minimize risk of bifrontal

lobe injury.

All that is required to cure meningiomas is removal

of a¨ected dura and bone. What we found during our

surgical procedures was that the basal portion of a tu-

mour and its dural attachment were always hidden by

the limbus sphenoidale. Therefore, in all cases the op-

tic canal and sphenoid sinus, and additionally in some

cases, the ethmoid sinus are opened, and the chias-

matic sulcus and tuberculum sellae are drilled away to

remove the tumor and dura attached to these regions.

As long as precautions are taken, entering the sphe-

noid or ethmoid sinus does not necessarily lead to cer-

ebrospinal ¯uid leakage or infectious complications. In

bilateral exposure, dissection of the olfactory tracts

often, but not always, is successful in preventing anos-

mia. There is some di½culty in preserving olfactory

tracts when optic canal unroo®ng is attempted. The

deepest area of the olfactory tract always crosses over

the optic nerve and disturbs exposure of the roof of the

optic canal. Therefore, it is necessary to dissect the ol-

factory tract as deeply as possible and mobilize it in

order to avoid injury during drilling of the optic canal.

The presence of preoperative visual disturbance gen-

erally implies necessity of optic canal unroo®ng on the

side of the sign. However, 2 of 13 cases with unilateral

visual disturbance required optic canal unroo®ng on

both sides because the tumor extended into the optic

canal on the non-symptom side. On the other hand, 4

of 8 cases with bilateral visual disturbance required

optic canal unroo®ng on both sides. In other words,

direct intra-operative observation of the tumour ex-

tension is essential to determine how extensively the

anterior skull base should be drilled. In this respect,

pre-operative MRI sections parallel to the course of

the optic nerve were of use because they often in-

dicated tumour extension into the optic canal (Fig. 4).

This ®nding implied a necessity of optic canal unroof-

ing whether or not visual symptom were presented.

Once su½cient drilling of the anterior skull base was

accomplished, there was no di½culty in resecting the

basal portion of the tumour, its extension into the optic

canal, and the dural attachment. Unexpectedly large

tumours extending into the optic canal like a tongue

were found in some cases, and such an extension could

be the source of a recurrence that sometimes occurs

after tumour resection without skull base drilling (Fig.

5). It should again be stressed that a tumour within the

optic canal could easily be removed because there were

no adhesions in our cases. In some cases, however, we

found it di½cult to dissect the tumour from the optic

chiasm and nerves within the cistern. When the tumour

Fig. 4. Gd-enhanced fat suppression MR images parallel to course

of optic nerve in tuberculum sellae meningioma. Tumour extension

into optic canal is shown, and this ®nding implies necessity for optic

canal unroo®ng

Fig. 5. Gd-enhanced T1-weighted MRI of patient with recurrent

tuberculum sellae meningioma. Female 49-year-old patient under-

went tumour resection without skull base drilling 10 years ago.

Tumour recurrence (arrows) is observed medially in relation to

both optic nerves
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is densely adherent to the optic apparatus, the better

choice is to leave tumour fragments on the nerves

rather than strip the nerves clean because the nerves

stretched and distorted by a mass poorly withstand

manipulation. The problem is that the vascular supply

to the nerves may be stripped away along with the

tumour. It is possible that this had occurred in our

patients who experienced postoperative deterioration

in visual function.

Conclusion

We report a series of 21 patients with tuberculum

sellae meningioma who underwent tumour resection

via a transcranial transsphenoidal approach. The an-

terior skull base was drilled out in all cases, and the

optic canal and the sphenoid sinus were opened to re-

move the basal portion of the tumour. We consider our

surgical approach to the resection of tuberculum sellae

meningioma to be of great clinical value. In particular,

the accessibility to a tumour extending inferomedially

to the optic nerve is stressed.
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Comments

The authors present a series of 21 patients with tuberculum sellae

meningioma, operated on by the transcranial transsphenoidal

approach. Tuberculum sellae meningiomas may be of various sizes,

as well as of various locations. The size is usually not a problem,

unless they are really large or giant. The origin of the lesion from the

dura of the skull base might be from the central superior side of the

tuberculum sellae or, more seldom, the tumour may originate (also)

from the diaphragm sellae. The laterality of the origin also has a very

important impact on the radicality of the surgical removal of the tu-

mour. It is true that the tuberculum sellae meningioma, when it ex-

tends into the infero-medial side of the optic canal on one or both

side(s), represents a rather tricky problem regarding complete exci-

sion of the rumour together with the dura involved. As shown in the

already published literature, the dura in®ltrated by meningioma

should be resected to such an extent that the borders of the dura are

of normal appearance, and this also holds for the dura around the

optic nerve in the optic canal(s). When the tumour is in the optic ca-

nal, it should be followed and removed completely together with the

dura involved. To achieve this, it is necessary to open the optic canal,

so that the gentle mobilization of the optic nerve is possible and the

tumour totally excised from the canal. It is also generally agreed that

devasculization of the tumour ± the detachment of the tumour from

the skull base ± allows later on for much easier debulking of the tu-

mour, and also reduces the blood loss during the later phase of sur-

gery. It is also generally accepted that a meningioma should prefer-

ably be resected completely together with the involved dura. The

approach to the meningioma of the tuberculum sellae may be sub-

frontal or fronto-temporal or ever interhemispheric, as was practiced

by the authors. Any additional trauma to both frontal lobes, as well

as the olfactory nerve(s) should be avoided in all cases.

The bony destruction of the tuberculum sellae is surgically not

necessary in cases where the bone is not yet in®ltrated by the tumour,

and hence the preserved bone is the best protection against CSF

leaks. When the tumour itself has traversed both: the dural and the

bony layers of the skull base, then in some cases complete resection

of the involved bone might be as good as postoperative Gamma

Knife and/or Lineracc for the residual tumour.

It is di½cult to agree with the statement that «in most cases, the

internal carotid artery simply is displaced laterally by the tu-

mour. . .». In large tuberculum sellae meningioma the optic nerves

are displaced laterally and the chiasm posteriorly prior to displace-

ment of the ICA which is under the optic nerve(s). One would also

expect that the approach from above; whether it be unilateral, sub-

frontal or interhemispheric, does carry more risk for the olfactory

nerve than does the fronto-temporal approach, where the tumour

can be detached and debulked from underneath the olfactory

nerve(s), and no brain retraction is necessary. In Figures 1, 2, 4, 5 the

bone of the skull base was not invaded and hence in such cases it is

not necessary to remove the bone and to create the possibility for

postoperative CSF leaks. The approach to the tuberculum sellae

meningiomas is individual, and it is experience dependent regarding

the approaches to this region, so that di¨erent approaches can be

accepted. On the other hand, to destroy the normal bone in cases

where the tumour has not invaded it is not necessary, it is also risky,

and therefore cannot be accepted.

V. Dolenc
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Question: Why should so much non-invaded bone be removed?

Author's Reply

It is true that most of the skull base bone which was removed in

our cases was not invaded by the tumour. However, what we found

during our surgical procedures was that the basal portion of a tu-

mour and its dural attachment were always hidden by the limbus

sphenoidale. Therefore, we think the anterior skull base should be

drilled out in order to resect the basal part of the tumour and its dural

attachment. In addition, the tuberculum sellae meningioma uni-

formly extends inferomedially to the optic nerve, and direct visual-

ization and resection of this portion of the tumour could be easily

achieved with our approach.

H. Arai
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