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Abstract
Purpose Removal of tuberculum sella (TS) meningiomas is
traditionally performed through transcranial approaches.
Wide use of the endoscope in transphenoidal pituitary
surgery is recently accessible through the tuberculum sellae
with an endoscope-assisted or purely endoscopic technique.
Extended endoscopic approach is an important and alter-
native route for meningiomas, which are located on the
midline originating from the tuberculum sella. However,
cerebrospinal fluid (CSF) leakage is an important problem
in extended endoscopic approaches. In this report, we
discuss surgical limitations and nuances of endoscopic
transphenoidal approach from a retrospective analysis of
nine patients with TS meningiomas.
Methods Endoscopic transphenoidal approach was per-
formed for seven women and two men (mean age,
51.1 years; age range, 32–78 years) with TS meningiomas
between July 2007 and March 2010 in the Department of
Neurosurgery, Kocaeli, Turkey.
Results Total removal was achieved in six of nine patients.
An improvement of the preoperative visual deficits was
observed in six of the nine patients. Multilayer closure was
performed for reconstruction, and lumbar external drainage
was used for all patients for 3–5 days. CSF leakage was not

seen in any of the patients after the operation and removal
of the drainage.
Conclusion Endoscopic extended transphenoidal approach
is still not a standardized procedure for TS meningiomas,
but it may be considered as an alternative procedure in
selected cases.

Keywords Tuberculum sellae . Extended endoscopic
approach .Meningioma . Transphenoidal approach

Introduction

Tuberculum sellae meningiomas (TSM) are conventionally
removed through different surgical transcranial approaches
including bifrontal or unifrontal and pterional or fronto-
lateral approaches with the use of the microscopic techni-
ques. Tuberculum sellae meningiomas account for about
3% of all intracranial meningiomas. Surrounding important
neurovascular structures is one of the difficulties in the
surgical treatment of these tumors [1, 10].

Removal of extrasellar lesions via transphenoidal ap-
proach is being used increasingly. “Extended transsphenoi-
dal route,” which is a modification of the standard
transsphenoidal exposure whichever sublabial, supraorbital
keyhole or endonasal, microscopic, or endoscopic is being
used for anterior cranial base located tumors that were
previously operated on solely via transcranial approaches
[3, 4, 8, 10, 11, 15, 17, 26, 27].

The extensive use of the endoscope in transphenoidal
pituitary surgery has recently offered to the extension of the
approach through the tuberculum sellae with purely
endoscopic technique [2, 7–9, 16, 31].

In endoscopic approaches, higher rates of CSF leakage
for tuberculum sellae meningiomas were reported [16]. In
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this report, we discussed endoscopic transphenoidal ap-
proach from a retrospective analysis of nine patients with
TS meningiomas, who had been treated at the Department
of Neurosurgery in Kocaeli University.

Methods

Three hundred thirty-four endoscopic transphenoidal
approaches were performed since September 1997 in
Kocaeli University, Department of Neurosurgery, Turkey,
and between July 2007 and March 2010, seven women
and two men (mean age, 51.1 years; age range, 32–
78 years) underwent an extended endoscopic transphenoi-
dal approach for the treatment of TS meningiomas
(Table 1). None of the patients had undergone previous
surgery or radiation therapy. None had experienced
pituitary dysfunction.

All patients underwent preoperative and postoperative
formal visual field and visual acuity evaluations.

Symptoms

All patients complained visual blurriness and had variable
degrees of visual field and/or visual acuity defects. Two
patients showed right temporal hemianopia for a duration of
9 and 6 months. Two patients reported total visual loss in
her right eye for a duration of 15 and 20 months and left
temporal hemianopia for 5 and 13 months, and one patient
reported bitemporal hemianopia for 4 months. Bilateral
total visual loss was seen in one patient for 1 year and left
total visual loss was seen in one patient for 2 months. Five
of nine patients had variable visual acuity defect (Table 1).

Radiologic evaluation

Preoperative neuroradiological evaluation included sellar
pre- and post-contrast (gadolinium diethylenetriamine
penta-acetic acid) magnetic resonance imaging (MRI) scans
and paranasal sinus CT scans to define the relationships
between the sphenoid, the sella, and the other bone
structures that were involved. The tumor size was calculat-
ed according to de Divitiis et al. classification based on
Yaşargil’s criteria on the preoperative MRI scans [10]
(Grade I—less than 20 mm, Grade II—20 to 40 mm, and
Grade III—more than 40 mm. The series include two
lesions considered as Grade I, six lesions considered Grade
II, and one patient considered as Grade III).

An early (within 24 h) postoperative neuroradiologic
evaluation with MRI scan was performed and next MRI
scan was scheduled 3 months later after surgery. In the third
postoperative month, endoscopic evaluation of the patient
was performed.

Surgical approach

Patient is placed supine fixed by Mayfield and turned
slightly on a horizontal plane toward the surgeon and the
head extended slightly on the sagittal plane. Before the
procedure adrenaline applied paddies were inserted through
the both nostrils. The procedure was performed using a
rigid endoscope (Karl Storz, Tuttlingen, Germany) and
additional tools like a highspeed microdrill with different
size hand pieces, modified curets and aspirators, ultrasonic
aspirator, micro-Doppler probe, and navigation system
(Medtronic Neuronavigation, Stealth Station Trion) for the
last four cases.

Table 1 Characteristics’ of the patients, visual outcomes, complications, follow-up, and removal of the tumor

Patient
Number

Age and
Gender

Lesion
Dimensions
and Grade

Surgical
Approach

Visual Loss Visual Outcome Complication Follow-Up
(months) and
Removal

1 47/F 35 mm, Gr II Extended-
Transcranial

VA defect (RE) Unchanged Permanent DI 33, ST

2 45/F 19 mm, Gr I Extended Temporal hemianopia
(RE)

Improved None 25, T

3 50/F 23 mm, Gr II Extended VA defect (LE) Improved None 21, T

4 49/F 28 mm, Gr II Extended Temporal hemianopia,
VA defect (RE)

Improved None 21, T

5 50/F 45 mm, Gr III Extended Total VL (Bilateral) Unchanged None 20, ST

6 59/F 32 mm, Gr II Extended Bitemporal Hemianopia,
VA defect (RE)

Improved None 17, T

7 78/F 24 mm, Gr II Extended Total VL (RE) Temporal
hemianopia (LE)

Improved (Temporal
hemianopia,LE)

None 14, T

8 32/M 16 mm, Gr I Extended Total VL (LE) Unchanged None 8, T

9 59/M 28 mm, Gr II Extended Total VL (RE) Temporal
Hemianopia, VA defect
(LE)

Improved (Temporal
Hemianopia, VA
defect (LE))

None 3, ST
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After viewing choana and sphenoethmoid recess, middle
turbinate was resected and its mucoperichondrium was
prepared thus it could be used for the closure. Middle
turbinate of the other nasion was lateralized for binostril
approach. Anterior sphenoidotomy was performed remov-
ing posterior nasal septum, rostrum, and perpendicular
lamina by microdrill. Clivus, sellar floor, opticocarotid
recess, and planum sphenoidale were visualized (Fig. 1).
Tuberculum sella was opened by microdrill and ronguer
superiorly setting the area between optic tuberans as a
borderline inferiorly. Dura is coagulated and incised
vertically.

Superior extracapsular dissection was performed after
internal debulking of the tumor for Grade I lesions and
Grade II lesions with dimensions below 3 cm (Fig. 2).
Tumor was removed totally dissecting from frontal basis,
arterial complex, and optic chiasm. In Grade II lesions with
dimensions above 3 cm, following dural incision, internal
debulking was performed, and sharp and blunt dissection
were used for the dissection of the lesion from optic nerve
and optic chiasm, arterial complex, pituitary stalk, and
diaphragma with four-hand technique, and total removal of
the tumor was achieved (Fig. 3). In cases with tumor
extension into the optic canal, the bone and dura covering
the optic canal in the superolateral part of the sphenoid
sinus has been opened to expose the optic nerve in the optic
canal.

In two cases with the tumor above 3 cm dimension and
lateral extension, midline located part of the tumor was
removed by internal debulking and capsular dissection.
Anterior Comm–A1–A2 complex and perforating artery

dissection was performed. However, firm tumor, which
extended laterally and encased carotid artery–A1 complex
could not be removed (Fig. 4).

In one case with Grade III lesion, even extracapsular
dissection was attempted following internal debulking of
the firm tumor and reaching to interpedincular cistern, we
could not achieve total removal due to excessive adhesion
of the tumor. In this case, we continued internal decom-
pression by the time the tumor capsule became thinner and
ended the operation (Fig. 5). After removal of meningioma
surrounding structures were visualized and bleeding was
controlled using surgicels. Also, these case examples are
demonstrated by illustrated drawings (Fig. 6).

Reconstruction for all cases, autogenic fat inserted to
residual cavity then duragen was applied in one case and in
all cases autogenic fascia lata was laid inlay overflowing
dural edges. Methyl methacrylate, which was prepared
during the operation, was fixed on the defect.

Following defect closure, mucopericondrium of middle
turbinate was laid onlay, fibrin glue was applied and 12F
balloon inflated over the reconstructed area (Fig. 7). In all
patients, lumbar drainage was performed intraoperative and
removed on the postoperative fifth day for the first five
patients and on the postoperative third day for the last four
patients.

Results

In our clinical series, follow-up period varied from 3 months
to 33 months (mean: 18 months; Table 1). Total removal
was achieved in six of nine patients. Subtotal removal was
performed for the patient with Grade III meningioma and
the other two patients with Grade II lesions. An improve-

Fig. 2 Intraoperative view of superior extracapsular dissection and
internal debulking of the tumor. T tumor

Fig. 1 Forty-nine-year-old female with Grade II tuberculum sellae
meningioma (PN: 4). Intraoperative view of posterior sphenoid sinus
wall after removal of anterior sphenoid wall. PS planum sphenoidale,
TS tuberculum sellae, SF sphenoid wall, OP optic protuberance, CL
clivus
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ment of the preoperative visual deficits was observed in six
of nine patients. No transient or permanent visual worsen-
ing was observed in any patients. Length of postoperative
hospital stay varied from 6 to 8 days. CSF leakage was not
seen in any of the patients. Permanent diabetes insipidus
was seen in one patient.

Discussion

Different microsurgical surgical transcranial approaches
and mostly pterional transsylvian route have been per-
formed for the treatment of TSMs, and the results of
techniques showed improvement gradually in morbidity
and mortality rates [9].

Initial indications for transphenoidal technique only
included the treatment of intrasellar lesions; however, it is
now extended for supra and parasellar lesions [9, 11–14,
18–20, 23, 24].

Extended transphenoidal techniques including sublabial,
transrhinoseptal, and direct endonasal variations via micro-

surgery, endoscopic endonasal, and endoscope-assisted
microsurgery are presently being used [5, 6, 18, 20, 27, 28].

This technique has still challenges even though there is a
possibility for performing endoscopic extended transphe-
noidal approach for tuberculum sellae meningioma.

These challenges can be classified according to the
association between the lesions and the related neuro-
vascular structures, endoscopic instrumentation manage-
ment and control within the subarachnoid spaces, defect
closure, and CSF leakage [9].

One of the criticisms of endoscopic extended approach
for these lesions is the dissection trajectory located anterior
to the neurovascular structures so blind accessing to the
surgical area and increased risk of vascular injury. Espe-
cially, in cases with Grade III meningiomas and in Grade II
meningiomas above 3 cm with vascular encasement and
cisternal and lateral encasement, removal of the tumor
through endoscopic transphenoidal route is difficult. But
subtotal removal can be achieved in these cases. Sometimes
inferior approach for Grade III lesions is more confident
when compared with transcranial approaches due to

Fig. 3 Intraoperative view of
the case with Grade II tubercu-
lum sellae meningioma; 59-
year-old female (PN: 6). a
Tumor compressing right optic
nerve inferiorly. b After removal
of the tumor. ON optic nerve, A1
and A2 anterior cerebral arteries,
CA carotid artery. Single asterisk
indicates left Heubner artery.
Double asterisks indicate anteri-
or comm. artery. Sagittal and
coronal c,e preoperative and d,f
postoperative MRI of the case;
single asterisk indicates view of
metyl metacrylate on MRI
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Fig. 4 a Intraoperative view of
tumor removal by CUSA (Ul-
trasonic aspirator) and aspirator
coronal b preoperative and c
postoperative MRI of the case
with Grade II tuberculum sellae
meningioma; 59-year-old male
(PN: 9). T tumor, RA1 right
anterior cerebral artery (A1),
LA1 and LA2 left anterior cere-
bral artery (A1, A2), As aspira-
tor. Single asterisk indicates
artery of Heubner. CUSA shows
ultrasonic aspirator. Right
arrowhead indicates right
carotid artery ınvasion

Fig. 5 Axial and sagittal
a,b preoperative and b,d post-
operative MRI of the case with
Grade III tuberculum sellae
meningioma; 50-year-old female
(PN: 5)
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similarity of selected operative route with tumor growing
way. In these cases, one of the most important points is the
nature of the tumor.

In the other Grade II and I cases, optic chiasm, anterior
communicating artery complex dissection was performed, and
the tumor was totally removed. Further extracapsular dissec-
tion may be possible with gaining experience in these cases.

Vascular and neural encasement evaluated preoperatively
and nature of the tumor in Grade II and III cases are the
most important factors affecting the efficiency of surgical
procedure. Especially, removal of firm tumors is harder.
General principles of microsurgical techniques should be
also implemented for endoscopic approach. Endoneurosur-
gical dissection, which is defined by Kassam et al., can be
achieved like in traditional transcranial dissection as the
number of cases increase [20, 21]. Using ultrasonic

aspirator at the beginning of tumor debulking gives a
convenient dissection and allows the capsula to be
mobilized. Meticulous endoneurosurgical technique should
be used for the removal of the tumor from the usually
preserved arachnoidal planes between the tumor and
vascular structures.

Meningiomas originating from the tuberculum sellae
commonly extend into the optic canal. Visual loss in an
affected eye is the initial and most common symptom.

Especially lesions medially growing to the optic nerve
can be better controlled by an inferior approach and
extended endoscopic approach is a better way in controlling
this route. de Divitiis et al. [10] defined the extension of the
tumor inside the optic canal(s) as one of the contraindica-
tion for the transphenoidal approach. Wang et al. [31]
defined the lateral limits to this exposure for tuberculum
sella were the medial margins of the optic nerves as they
entered the optic canal.

Inferior endoscopic approach may be a viable method
accessing the inferomedial part of the optic nerve for the
tumors located inferior to the optic nerve with optic canal
invasion. In our experience, the endoscopic optic decom-
pression was performed successfully in cases with pseudo-
tumor cerebri and optic canal fractures due to trauma [25].
Also elevating the optic nerve on the affected side enables
tumor removal on the posterior part of the nerve (Figs. 8
and 9).

One of the foremost drawbacks of this approach is to
reconstruct the cranial base [22, 29, 30]. In the literature,
CSF fistula was reported in the series of endoscopic
approach for tuberculum sellae meningiomas. Six endo-
scopic transphenoidal approaches were reviewed for
tuberculum sellae meningiomas. Jho et al. has published

Fig. 6 Illustrated drawing
of tuberculum sella meningioma
extension. TbS tuberculum sella,
ON optic nerve, ICA ınternal
carotid artery, M1 MCA M1, H
artery of Heubner, AcoA anterior
comm. artery, A1 and A2 anteri-
or cerebral arteries. Dotted lines
A indicates lateral vascular
encasement, B indicates midline
location, and C indicates optic
nerve ınvasion

Fig. 7 Multilayer closure for tuberculum sellae lesions. Duragen was
inserted, and autogenic fascia lata was laid inlay overflowing dural
edges. Metyl metacrylate was fixed on the defect. M metyl metacrylate
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one case in 2001 and one case in 2004 followed by Laufer
et al. with four cases in 2007, de Divitiis et al. with seven
cases total in 2007 and 2008, Gardner and Kassam et al.
with 13 cases in a series of anterior cranial base
meningiomas in 2008, and Wang et al. with seven cases
in 2009. In the last four of these series, common
complication was CSF leakage. CSF fistula was reported
by Laufer et al. 1/3 (33%), de Divitiis et al. 2/7 (28.5%),
Gardner and Kassam et al. 8/13 (62%), and Wang et al. 1/7
(14.3%) in rates [6, 9, 10, 16, 18, 31].

Various techniques were used to reconstruct the cranial
base such as “inlay” graft and vascularized fleb [22] or
plugging with gelfoam or a graft of autologous abdominal
fat that was held in place by a strut of the vomer [31].

Surgical approach itself in the nasal cavity should not
destroy the normal nasal and paranasal anatomy unneces-
sarily. Tuberculum sellae is a superior region so there is no
need to resect inferior part of posterior nasal septum such as
vomer.

In our nine cases, reconstruction was performed with
autogenic fascia lata inlay covering the dural edges. Methyl
methacrylate was prepared on the same size with the defect
intraoperative and fixed to prevent migration and stabilize
the reconstructed area. Only in one case duragen was applied
and autogenic lamellar bone was used. After applying fibrin
glue, we inflated 12F balloon over the reconstructed area.

In our opinion, most important points in closing the
defect are using autogenic fascia lata and to leave external

Fig. 8 Intraoperative view of
meningioma extending into the
optic nerve a before and b after
opening the optic canal. Ultra-
sonic aspirator was used for
posterior–inferior tumor remov-
al by elevating the optic nerve
(c,d). ON optic nerve, T tumor

Fig. 9 Axial a preoperative and
b postoperative MRI of the case
with Grade I tuberculum sellae
meningioma demonstrating the
left optic nerve invasion;
32-year-old male (PN: 8)
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lumbar drainage system fixed at the end of operation for at
least 3 days. In our small number of cases, we did not see
any CSF leakage after the operation and removal of lumbar
drainage.

Most of the CSF leakages were treated applying lumbar
drainage without the need of reoperation in our previous
endoscopic approaches also in cases reported in the
literature. We applied lumbar drainage in these nine cases
intraoperative, initially for 5 days for the first five patients
and 3 days for the last four cases. We did not see any CSF
leakage after removal of the lumbar drainage. Improving
reconstruction techniques may provide lumbar drainage
duration to be decreased and to be omitted afterwards.

Via this approach, brain retraction is avoided, optic
apparatus manipulation is minimized, and since direct
visualization is possible, it is easy to overcome complete
tumor removal with excision of the lesion dural attachment
and involved bone, in other words, a Simpson Grade I
removal [2]. In microscopic techniques, it is not possible to
achieve Simpson Grade I removal every time.

To choose appropriate surgical technique, one must
consider objectively the advantages and limitations of each
technique and should take into account the surgical
outcome, complication prevention, and own experience.

Conclusion

Limitations and nuances in extended endoscopic trans-
phenoidal route for tuberculum sellae, meningioma can be
brought under four groups.

1. Tuberculum sellae meningiomas with dimensions
above 3 cm located on the midline with optic chiasm
and/or arterial encasement can be excised totally by
endoneurosurgical technical dissection.

2. Especially, TSMs demonstrating optic canal invasion
and which are difficult to remove by transcranial route
can be excised easier by endoscopic technique.

3. Total removal of Grade III TSMs and Grade II tumors
with lateral vascular encasement via endoscopic trans-
phenoidal route is difficult.

4. Nowadays, most important criticism of these approaches
is CSF leakage. This complication may be overcome by
applying inlay fascia lata, bone substitute, and onlay
mucosa following external lumbar drainage for 3–5 days.

Although endoscopic extended transphenoidal approach
for TS meningioma is still not a standardized procedure, it
may be considered as a feasible alternative procedure in
selected cases.
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