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Abstract
Background Recent advances in minimally invasive surgery
have allowed extended transsphenoidal approaches to treat
large and complex lesions beyond the sella turcica including
basal meningiomas, but the inclusion criteria and limitations
of this approach remain unclear.
Methods Retrospective review of 19 consecutive patients (5
males and 14 females aged from 43 to 79 years) with
tuberculum sellae meningioma with a maximum diameter
of less than 30 mm surgically treated between December
2006 and August 2011 by a single surgeon. Operative out-
comes and limitation-based indications were investigated.
Findings Total removal was achieved in 15 cases including
Simpson’s grade 1 in 2 cases (78.9%). All tumor remnants
were located in the lateral portion of the internal carotid
artery (ICA), as indicated by preoperative magnetic resonance
(MR) imaging. Additional oblique imaging along the longi-
tudinal axis of the C1-2 portion of the ICA revealed a para-
doxical presence of tumor in between both sides of the ICA in
some patients, even in the case with lateral extension over the
ICA on coronal MR imaging. Total removal could be
achieved in these patients, and after the introduction of addi-
tional preoperative oblique MR imaging, total removal was
achieved in all patients. Visual outcomes of eyes showed
improvement in 23, remained steady in 11, and showed dete-
rioration in 4, and 89.5% eyes recovered to a good state.

Deterioration was caused by injury of a small vein in one
patient and previous disruption of the arachnoidal sheath in
the remaining three. One patient suffered cerebrospinal
fluid leakage and required re-operation. None of the
patients developed endocrinological deficits or required pro-
longed hormonal supplementation.
Conclusions The extended transsphenoidal approach has
equivalent potential to transcranial surgery for tuberculum
sellae meningiomas with a maximum diameter of less than
30 mm. The tumors with lateral extension over the ICA have
fewer chances of total removal. ICA-oriented simulation
and surgical planning are important.
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Introduction

The transsphenoidal approach has been used to treat soft
tumors such as pituitary adenomas or intrasellar craniophar-
yngiomas. Recent advances in minimally invasive surgery
have developed modified extended approaches to treat large
and complex lesions beyond the sella turcica, and the entire
ventral skull base, from the crista galli up to and through the
odontoid, and laterally to the cavernous sinus [2, 3, 6, 9–13].
The deep and narrow operative field requires delicate and
skillful procedures, and special reconstruction techniques
for the skull base are essential to prevent cerebrospinal fluid
(CSF) leakage, but this approach allows the surgeon to work
along the axis of the tumor and permits removal of tumors
with minimal displacement or distortion of surrounding
structures [2, 3, 6, 9–13]. In particular, meningiomas located
in the anterior skull base can be treated more easily because
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of the potential for early devascularization of the main
feeding arteries [5], early decompression of the medial side
of the optic nerve by unflooring of optic canal [14], and
direct visualization of the lower plane of the optic chiasm [1,
2, 7, 19]. The indications for surgical treatment include a
maximum diameter of less than 2 to 3 cm [1, 2, 7], no
encasement of the major arteries [1, 5], no parasellar extension
[1, 5], narrow dural attachment [5], and no calcification [5].
However, most of these indications strongly depend on the
surgeon’s personal impression, except for the tumor diameter.
The limitations of this approach in the deep and narrow
operative field have not been widely evaluated [1].

We describe our series of tuberculum sellae meningiomas
treated by the extended transsphenoidal approach in a single
institute, and discuss the optimal indications and limitations.

Materials and methods

This retrospective review identified 5 males and 14 females
aged from 43 to 79 years (mean 58.9 years) with tuberculum
sellae meningiomas with a maximum diameter of less than
30 mm who were treated using the extended transsphenoidal
approach from a series of 425 pituitary-based lesions at the
Department of Neurosurgery, Kohnan Hospital, between
December 2006 and August 2011; the operations were
performed by a single surgeon (Y.O.). Two patients had
been previously treated using the transcranial approach,
one tumor was recurrent after total removal, and the
other tumor required a second operation after partial
removal. Tumors mainly located in the planum sphenoi-
dale or diaphragma sellae were excluded from this
study. Exposure was extended to the posterior ethmoidal
sinus in addition to opening of the sellar floor through
the sphenoidal sinus because of the tumor size in all

patients. Minor modifications were adopted based on the
anatomical characteristics of the tumors, including removal of
the unilateral middle turbinate, and unflooring of the optic
canal according to lateral extension or intrusion into the optic
canal of the tumor. A surgical microscope and neuroendo-
scope were utilized as appropriate during the operation.
Reconstruction of the skull base was performed with
autologous fascia tightly sutured to the dural edge of
the sellar floor, fortified with epidural attachment of muscle
pieces, and the entire surface of the dural window was
wrapped with a mucosal flap of the sphenoidal sinus. No type
of marsupialization was performed. Postoperative prophylac-
tic use of antibiotics was included for 7 days.

Axial, coronal, and sagittal T1-weighted magnetic reso-
nance (MR) imaging, with and without contrast medium, and
T2-weighted MR imaging (Signa Excite HD 3 T; General
Electric Medical Systems, Milwaukee, Wis., USA) were per-
formed preoperatively and within a few days after the operation
in all patients, and preoperative oblique imaging along the
longitudinal axis of C1-2 portion of internal carotid artery
(ICA) was additionally performed in patients treated since
September 2008.Maximal diameter wasmeasured on the axial,
coronal, and sagittal sections, and the tumor volume was cal-
culated as A × B × C /2 [8, 15]. The removal rate was evaluated
with Simpson’s grading [18]. Pituitary endocrinological status
was evaluated, and the visual acuity and the visual field using
the Humphrey field analyzer were also evaluated both preop-
eratively and 11 days after the operation. During follow-up at
intervals of 6 months patients were investigated with the same
sequence of MR imaging using a 3.0-T system. The mean
follow-up period was 35.8 months (range 6–59 months).

The surgical specimens were immediately fixed for his-
tological and immunohistochemical examinations with 10%
buffered formalin, embedded in paraffin, and serial sections
were cut to 3 μm thickness. Hematoxylin and eosin, and
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Fig. 1 All of the non-total removals had a maximum diameter of more than 2 cm (left); however, there was no significant relationship between
tumor volume and the removal rate (right)
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periodic acid-Schiff staining was performed in all cases. The
avidin-biotin-peroxidase complex method was applied for
immunohistochemical staining for epithelial membrane an-
tigen (Dako Corp., Carpinteria, Calif., USA), keratin (Dako
Corp.), vimentin (Dako Corp.), and Ki-67 (MIB-1, Dako
Corp., 1:100).

The surgical policy was explained preoperatively to the
patients, and the study design was approved by the Ethics
Committee of Kohnan Hospital 2011.

Results

Postoperative histological examination revealed that nine
tumors were the meningothelial type, five were the transi-
tional type, three were the calcified psammomatous type,
and two were atypical meningiomas with nuclear atypism.

Simpson’s grade 1 removal was achieved in 2 cases and
Simpson’s grade 2 removal in 13 cases. However, small

Fig. 2 Preoperative coronal (a), preoperative oblique (b), and postop-
erative (c) magnetic resonance images showing a tumor (arrows) with
lateral extension over the ICA could be totally removed

Fig. 3 Preoperative coronal (a), preoperative oblique (b), and postop-
erative (c) magnetic resonance images showing a tumor (arrows) with
lateral extension over the ICA on the oblique image that could not be
removed, resulting in subtotal removal
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tumor remnants persisted in the lateral portion of the ICA
and resulted in Simpson’s grade 3 removal in four cases.
The maximum diameter of the tumor ranged from 9 to
29 mm, but the maximum diameter was 20 mm or more in
all Simpson’s grade 3 cases (Fig. 1, left). In contrast, the
tumor volume ranged from 0.28 to 9.25 ml, whereas the
tumor volume was 2.38, 1.58, 1.92, and 9.25 ml in the
Simpson’s grade 3 cases (Fig. 1, right). All tumor remnants
were located in the lateral portion of the ICA. Oblique
imaging along the longitudinal axis of the C1-2 portion of
the ICA revealed paradoxical presence of tumor in between
both sides of the ICA in some patients, even in the tumor
with lateral extension over the ICA, as seen on the coronal
MR image. Gross total removal could be achieved in these
cases (Fig. 2). The tumor with lateral extension over the ICA
on both coronal and oblique MR imaging could not be
removed and resulted in subtotal removal (Fig. 3). All cases
of non-total removal were included in the first ten patients
treated (cases 1–10 in Table 1), and gross total removal was
achieved in all patients after the introduction of additional
oblique MR imaging (cases 11–19 in Table 1).

Fourteen of 19 patients achieved postoperative improve-
ment of visual acuity; it remained steady in 3 and deterio-
rated in 2 (Fig. 4, left). Evaluation of each eye showed
improvement in 23 eyes; 11 remained steady and 4 deteri-
orated (Fig. 4, right). The most common outcome was
improvement in one eye and remaining steady in the other.
Deterioration of visual acuity was caused by injury of a vein
with 150-μm diameter in one case, previous disruption of

the arachnoidal sheath in the exit of the optic canal in two
cases, and direct and tight adhesion of the tumor to the lower
plane of the optic chiasm in one case.

Postoperative CSF leakage was seen in case 1 with wide-
ly dissected dural attachment, and this disappeared at re-
operation. Fibrin glue was used only in this case, and the
others were reconstructed with autologous tissue only. No
patients had preoperative endocrinological deficiency, and
none of the patients required hormonal supplementation
within 3 postoperative days.

During the follow-up period, one patient experienced
tumor recurrence (case 1) at 59 months after the operation
and required Gammma Knife surgery. No other patients
experienced tumor progression, including four patients with
Simpson’s grade 3 removal, and they were observed serially.

There was transient nasal discomfort in some patients,
but all of the complaints disappeared without any special
treatment in 3 months. No other complication related to the
operation was seen throughout the hospitalization period.

Discussion

This study found no significant relationship between tumor
volume and removal rate in tumors with a maximum diameter
of less than 3 cm. Total removal of significantly calcified
tumors was also possible (Fig. 5). We also found that pre-
sumptive encasement of the ICA and/or A1 based on MR
imaging could be re-evaluated as absence of encasement by

Table 1 Clinical characteristics
of the patients Case

no.
Maximum
diameter (mm)

Volume
(ml)

Histology Removal
(simpson’s grade)

Remarks

1 20 3.42 Transitional 1 CSF leakage

2 18 2.14 Meningothelial 2

3 20 2.38 Meningothelial 3

4 10 0.36 Meningothelial 2

5 25 6.61 Meningothelial 2 Venous injury

6 20 3.61 Transitional 2

7 9 0.28 Meningothelial 2 Re-operation

8 22 1.58 Transitional 3 Re-operation

9 20 1.92 Psammomatous 3 Disrupted arachnoid sheath

10 29 9.25 Meningothelial 3 Adhesion to optic chiasm

11 28 8.01 Transitional 2

12 21 5.67 Psammomatous 2

13 25 4.51 Atypical 2

14 25 6.88 Meningothelial 2 Moyamoya syndrome

15 21 3.57 Transitional 2 Disrupted arachnoid sheath

16 26 5.07 Meningothelial 2

17 25 5.25 Atypical 2

18 23 5.06 Psammomatous 1 Significant calcification

19 24 3.276 Meningothelial 2
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changing the scanning angles. ICA-oriented surgical
simulation could be helpful, as shown in cases 11–19,
indicating the importance of additional oblique scanning
or reconstruction of already scanned slices. However,
this suggests limited advantages for the transsphenoidal
approach over the transcranial approach, even for small
tumors such as clinoidal meningioma, which tends to extend
laterally over the ICA.

Postoperative visual recovery generally depends strongly
on the tumor volume and affected duration of the optic
pathway [5, 14]. The transcranial approach results in 25–
80% postoperative visual improvement (mean 56%), 30%
unchanged, and 3–30% deterioration (mean 13%) [5]. The
transsphenoidal approach tends to provide a higher rate of
improvement, but there is a great difference in surgical
experience between the two approaches, and larger tumor
volume can be treated by the transcranial approach [4, 5,
14]. Three of four patients with visual deterioration in this
series had more or less disrupted arachnoidal sheaths of the
optic nerve and/or chiasm. Therefore, the arachnoidal plane

should be essentially preserved [7, 19], and aggressive dis-
section should be avoided if the arachnoidal plane is already
disrupted. We must keep in mind that only a few tumors
were malignant variants with high growth potential among
skull base meningiomas [16].

Endocrinological disturbance has been reported as a ma-
jor complication, but our series included no cases of tight
adhesion to the anterior lobe or pituitary stalk, and no
patient suffered hormonal disturbance. Since the introduc-
tion of the extended transsphenoidal approach at our insti-
tute in March 2006, CSF leakage has occurred in 1 of 92
surgeries, which was also included in this study. We expect
further experience to lower the incidence of CSF leakage
still more.

Finally, we emphasize the minor but important advantage
of the transsphenoidal approach of being less invasiveness
for elderly and/or flow-compromised patients [1]. We pre-
viously reported a case of successful treatment of basal
meningioma associated with moyamoya syndrome, which
is included in this series (case 14) [17].

Instead of a small series of experiences, this report dis-
cusses the tumor progression rate after using the extended
transsphenoidal approach for the first time. Successive and
long-term follow-up data are needed.

Conclusion

This series of patients with tuberculum sellae meningiomas
with a maximum diameter of less than 3 cm treated using the
extended transsphenoidal approach shows that this approach
has equivalent potential to transcranial surgery in experi-
enced hands. However, tumors with lateral extension over
the ICA have fewer chances of total removal, and ICA-
oriented simulation and surgical planning are important.

Fig. 5 Preoperative (a) and postoperative (b) head computed tomog-
raphy scans revealing total removal of a significantly calcified tumor
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Fig. 4 Relationship between grade of tumor removal and change in visual acuity. Percentage change in visual acuity showed good outcome in
73.6% of the patients (left) and in 89.5% of the eyes (right); 100% indicates steady and unchanged
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