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Outcome Assessment After Surgical Treatment of Tuberculum 
Sellae Meningiomas-A Preliminary Report

ABSTRACT

We present the outcomes of tuberculum sellae meningioma 
surgery conducted by a single neurosurgeon, with a particular 
focus on visual disturbances and hypothalamic-pituitary 
function (21,22).

█    Material and methods
A total of 18 patients diagnosed with tuberculum sellae 
meningioma were treated surgically at the Neurosurgery 
Department between January 2010 and July 2012. The study 
group consisted of 15 females and 3 males at the mean age 
of 50.5 years (ranging from 30 to 73 years; SD ± 13.4). Table I 
presents demographic characteristics of the patients.

█    Introduction

Tuberculum sellae meningiomas constitute 5–10% of 
intracranial meningiomas (12,25). Their location in the 
parasellar region, in close vicinity to hypothalamic 

structures and anterior vessels of the circle of Willis, results 
in the characteristic clinical signs. This location is also the 
reason for surgical treatment challenges. The most commonly 
used approach is the fronto-temporal, or pterional approach; 
with the fronto-orbital, fronto-orbitozygomatic, frontolateral 
(unilateral subfrontal), and bifrontal approaches being used 
less often (4,5,10,17,23,30,31).

AIm: To evaluate the endocrinological and ophthalmological results of the tuberculum sellae meningioma surgery.  
MaterIal and Methods: A total of 18 patients diagnosed with tuberculum sellae meningioma received surgical treatment at 
Neurosurgery Clinic at Military Medical Institute in Warsaw from January 2010 to July 2012. This analyzed group of patients included 
15 females and 3 males at a mean age of 50.5 years (ranging from 30 to 73; SD ± 13.4). In the pre-operative and post-operative 
periods, all patients underwent magnetic resonance imaging of the head according to a uniform protocol, eye examinations with 
assessment of visual acuity and field of vision, as well as endocrine tests to evaluate the hypothalamic-pituitary axis (including urine 
specific gravity and osmolality as well as blood cortisol, TSH, fT3, and fT4 levels). All patients underwent surgical treatment of the 
tumor via unilateral subfrontal craniotomy, achieving macroscopically complete tumor removal (Simpson grade II resection).     
Results: The use of the unilateral subfrontal approach helped improve vision in 88% of the treated patients. Endocrine tests 
revealed no hypothalamic-pituitary axis dysfunction. The most commonly diagnosed meningiomas of the area were meningothelial 
(77%) and transitional (12%) meningiomas.    
ConclusIon: Surgical treatment of tuberculum sellae meningiomas via the unilateral subfrontal approach is a safe technique with 
no significant complications. Visual improvement was observed in 88% of the patients who had received this treatment. There were 
no hormonal disturbances in patients operated via the subfrontal approach either prior to or after the procedure, which suggests 
that surgical treatment of tuberculum sellae meningiomas has no effect on pituitary endocrine function.         
Keywords: Tuberculum sellae meningioma, Frontal craniotomy, Pituitary hormones
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Clinical assessment

None of the evaluated patients were found to have hypothalamic 
endocrine dysfunction in the pre-operative period. All patients 
had visual disturbances in the form of reduced visual acuity 
and/or limited field of vision, including two patients (2 females) 
reporting only impaired visual acuity and two others (a female 
and a male) reporting only visual field defects. The history of 
these visual disturbances ranged from 1 to 36 months (mean: 
14 months). Four patients additionally reported headaches in 
the pre-operative period.

Table II presents clinical data of the evaluated group.

Assessment of visual disturbances

A uniform protocol was followed to evaluate visual acuity and 
field of vision (the latter via Goldmann visual field exam) in all 
patients in the pre- and post-operative period.

Neuroradiological assessment

All patients underwent magnetic resonance imaging (MRI) 
assessments pre-operatively and in the post-operative 
period (3–4 months after surgery). These assessments were 

Table I: Sex, Age, and Standard Deviation (Sd) Values in the Operated Patients

  Sex No. of patients Mean age Minimum Maximum SD±

Age (years) F 15 48 30 73 14

Age (years) M 3 54 46 65 10

M: Male, F: Female.

Table II: Pre-Operative Signs and Symptoms in Patients Qualified for Surgery

Pt 
No.

Pt 
initials Age Sex

Signs and symptoms

Headache

Visual disturbances Pituitary endocrine function Tumor 
size in 

mm 
(MRI)

Acuity Field of 
vision

History of visual 
disturbances 
(in months)

Diabetes 
insipidus

Corticotropic 
function

Thyreotropic 
function

1. LS 45 F 0 1 1 12 0 0 0 20x20x26

2. WJ 67 F 1 1 1 1 0 0 0 35x30x34

3. IJ 73 F 1 1 1 18 0 0 0 23x24x36

4. IB 37 F 1 1 0 4 0 0 0 20x20x20

5. BT 65 F 0 1 1 24 0 0 0 34x30x20

6. AD 56 F 0 1 0 36 0 0 0 27x22x28

7. JP 67 F 0 1 1 8 0 0 0 35x27x25

8. WŁ 55 F 0 1 1 4 0 0 0 16x16x8

9. LT 46 M 0 0 1 24 0 0 0 12x10x13

10. EK 30 F 0 1 1 6 0 0 0 22x26x20

11. KL 40 F 0 0 1 24 0 0 0 18x19x14

12. RP 52 M 0 1 1 18 0 0 0 26x26x24

13. IT 36 F 0 1 1 1 0 0 0 23x21x12

14. JP 57 F 0 1 1 6 0 0 0 15x23x20

15. JK 40 F 0 1 1 36 0 0 0 25x25x25

16. IO 65 M 0 1 1 12 0 0 0 35x21x25

17. MW 31 F 1 1 1 12 0 0 0 18x14x19

18. US 47 F 0 1 1 12 0 0 0 27x24x24

Headaches: 0= no; 1= yes; Visual acuity disturbances: 0= no; 1= yes; Limited field of vision: 0= no; 1= yes; Pituitary function: 0= normal;  
1= abnormal. Pt: Patient, M: Male, F: Female, MRI: Magnetic resonance imaging.
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conducted at Medical Radiology Laboratory with a Signa 
1.5  T scanner (GE Medical Systems) with spin echo (SE) 
T1-weighted sequences (parameters: Repetition time (TR) 
=450–600  ms, Echo time (TE)=15–30  ms, three excitations, 
minimum matrix size of 256x256, field of view approximately 
20  cm, slice thickness 2–3  mm in the coronal and sagittal 
planes, before and after intravenous administration of the 
paramagnetic contrast agent gadolinium DTPA (Gd-DTPA), as 
well as T2-weighted sequences in coronal sections

(Di Chro-Nelson formula);

The pre-operative assessments included: 

1)	 Tumor size,

2) 	 Possible concomitant cerebral edema,

3) 	 Calcifications in the tumor,

4) 	 Hyperostosis or degeneration of cranial bones near tumor 
attachment,

5) 	 Tumor infiltrations towards the sella turcica, 

6) 	 Tumor position with respect to the circle of Willis.

The post-operative assessments included:

1) 	 The extent of tumor resection, 

2) 	 Damage to the hypothalamic-pituitary system

Endocrine assessment

All patients qualified for operation underwent endocrine 
tests to evaluate the hypothalamic-pituitary axis function 
both before and after the procedure (1 day and 3–4 months 
following surgery). We focused primarily on: 1) finding any 
evidence of diabetes insipidus (24-hour urine collection, urine 
specific gravity and osmolality in mOsm/kgH20), 2) measuring 
blood cortisol level to evaluate corticotropic function, 3) TSH, 
fT3, and fT4 to evaluate thyreotropic function. 

Methods of qualification for surgery

After a clinical assessment and MRI evaluation, the patients 
were qualified to undergo surgery via the unilateral subfrontal 
approach

Anesthesiology

All patients were placed under general anesthesia according 
to standard neuroanesthesiologic practice with a focus on 
adequate cerebral perfusion and oxygenation. Therefore, 
total intravenous anesthesia (TIVA) was preferred for these 
procedures. As always, the patients were monitored (as 
dictated also by their general condition), which included 
electrocardiography, capnometry, pulse oximetry, as well as 
non-invasive, and direct blood pressure monitoring. Routine 
practice included the use of two intravenous lines. 

Surgical procedure

All patients were operated on via a unilateral subfrontal 
approach. The medial part of the Sylvian fissure was 
routinely opened to drain the cerebrospinal fluid (CSF). After 
identification of the ipsilateral optic nerve (it was stretched by 

the tumor and appear in all cases), the internal carotid artery 
and precommunicating segment of the anterior cerebral artery 
(ACA), the blood supply to the tumor from the dura of the 
anterior fossa and tuberculum sellae was interrupted. Then, 
the tumor capsule was carefully microsurgically dissected 
from the optic nerves, chiasm, carotid arteries, and pituitary 
stalk after internal decompression of the tumor with cavitron 
ultrasonic surgical aspirator and bipolar cautery. The tumor 
was also removed from the ipsilateral optic canal after its 
unroofing. Tumor resection was completed after identification 
and preservation of the postero-laterally displaced pituitary 
stalk. Finally, the basal dura (dural attachment) was removed 
and any enostosis on the limbus sphenoidale were drilled out. 
The tumor was totally removed in all cases (Simpson Grade I 
or II). The pieces of resected tumor were fixed in 10% formalin 
for the pathological examination.

Intraoperative assessment

The extent of tumor resection was assessed with the Simpson 
grading scale:

I-	 Macroscopically complete tumor resection, with excision 
of its dural attachment and any adjacent abnormal bone; 

II-	 Macroscopically complete tumor resection with 
coagulation of its dural attachment, 

III-	Macroscopically complete removal of the tumor without 
resection (or coagulation) of its dural attachment, 

IV-	Partial removal of the tumor, 

V-	 Tumor biopsy

Histopathological assessment

The resected tumor fragments were preserved for a histopath-
ological examination. The examination was conducted at the 
Pathomorphology Laboratory. Histopathology examinations 
were routinely performed according to the WHO classifica-
tion, with immunohistochemical evaluation of meningioma 
diagnostic markers i.e.: epithelial membrane antigen (EMA), 
CK (cytokeratins), S-100, glial fibrillary acidic protein (GFAP), 
carcinoembryonic antigen (CEA), CD43, Vimentin. The mate-
rial to be assessed under a light microscope was fixed in a 
4% solution of formaldehyde in water with phosphate buffer 
(fixing agent pH 7.2).

Statistical analysis

The statistical analysis was conducted with Statistica 10.0. 
The data collected for the group were measured directly, 
constituting either objective or subjective aspects of the 
assessment. In two cases, the assessed variable values were 
altered:

1.	 Tumor volume was measured as the volume of an ellipsoid 
based on the tumor size graphed onto an X,Y,Z coordinate 
system, and calculated with the formula, where a,b,c 
represented half-axes of the ellipsoid;

2.	 Outcome was determined based on the sum of variables: 
Visual Acuity Outcome, Visual Field Outcome, Pituitary 
Function Outcome.
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The following statistical tests were used: the Shapiro-Wilk test, 
Kolmogorov-Smirnov test, and Pearson’s (linear) correlation 
coefficient.

█    Results
All surgery results have been presented in Table III.

Clinical assessment results

There were significantly more women than men in the 
evaluated group. The female-to-male ratio was 15:3. The age 
of study participants ranged from 30 to 73 years, with a mean 
age of 50.5 years (SD ± 13.4). Apart from visual disturbances, 
four patients (all female) reported headaches. After surgical 
treatment, the headaches subsided in three out of four 
patients and changed its character in one patient.

The distribution of the age variable in this group was assessed 
with a histogram for the Age variable (Figure  2) and the 
Shapiro-Wilk test.

Figure 1: Magnetic resonance images of the tuberculum sellae meningioma prior to surgical treatment (1-300, 2-300, 3-300).

Figure 2: Histogram of the Age variable.

Figure 3: Normal distribution of the Age variable.

Figure 4: Tumor volume stratified by sex.
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had tumor volume in the 0–6,000-mm3 range; 4 patients – in 
the 6,001-mm3–12,000-mm3 range; and in 11 patients tumor 
size exceeded >12,000-mm3.

Tumors found in female patients tended to be larger. However, 
the differences in tumor size (volume) between the female vs. 
male groups were not statistically significant.

Results of assessing visual disturbances

All patients were diagnosed with visual disturbances 
before their surgery, with two patients (2  females) reporting 
exclusively visual acuity abnormalities and two (1 female and 
1 male) reporting exclusively field of vision abnormalities. 
The most common visual field defect was bitemporal 
hemianopsia, diagnosed in 10 patients. Four patients were 
diagnosed with mono-ocular (right) temporal hemianopsia 
and two with mono-ocular (left) temporal hemianopsia. Vision 
improved in all patients in the post-operative period versus 

Table III: Results of Surgery

Pt 
No.

Pt
Initials

Age
(years) Sex

Extent 
of the 

operation 
(Simpson 

grade)

Surgery results

Histological 
diagnosis

Post-
operative 

follow-up in 
months.

vision Pituitary endocrine function

acuity FOV Diabetes 
insipidus

Cortico
tropic 

function

Thyreo
tropic 

function

1 LS 45 F 2 1 1 0 0 0 MM 39
2 WJ 67 F 2 1 1 0 0 0 PM 35
3 IJ 73 F 2 1 1 0 0 0 TM 34
4 IB 37 F 2 1 0 0 0 0 MM 33
5 BT 65 F 2 1 1 0 0 0 MM 32
6 AD 56 F 2 1 0 0 0 0 MM 30
7 JP 67 F 2 1 1 0 0 0 MM 26
8 WŁ 55 F 2 1 1 0 0 0 PM 22
9 LT 46 M 2 0 1 0 0 0 TM 15
10 EK 30 F 2 1 1 0 0 0 MM 17
11 KL 40 F 2 0 1 0 0 0 MM 17
12 RP 52 M 2 1 1 0 0 0 MM 19
13 IT 36 F 2 1 1 0 0 0 MM 11
14 J P 57 F 2 1 1 0 0 0 MM 10
15 JK 40 F 2 1 1 0 0 0 MM 10
16 IO 65 M 2 1 1 0 0 0 MM 8
17 MW 31 F 2 1 1 0 0 0 MM 6
18 US 47 F 2 1 1 0 0 0 MM 6

The extent of the operation (Simpson grade): 1– macroscopically complete tumor resection, with excision of its dural attachment and any 
adjacent abnormal bone; 2– macroscopically complete tumor resection with coagulation of its dural attachment, 3–Macroscopically complete tumor 
removal without resection of its dural attachment, 4–Partial tumor removal, 5–Tumor biopsy. Post-operative visual acuity: -1–worsening; 0–no 
change;1–improvement; Post-operative field of vision (FOV): -1–worsening; 0–no change; 1–improvement; Post-operative pituitary function: 
diabetes insipidus -1–worsening, 0–no improvement; 1–improvement; corticotropic function -1–worsening, 0–no change, 1–improvement; 
thyreotropic function -1–worsening, 0–no change, 1–improvement; Histopathological diagnoses: MM – meningothelial meningioma; PM – 
psammomatous meningioma; TM – transitional meningioma. M: Male, F: Female, Pt: Patient.

Considering the fact that the Shapiro and Wilk’s W statistic 
was not statistically significant, there were no grounds to reject 
the hypothesis stating that distribution of the Age variable is 
not consistent with normal distribution. This conclusion was 
also confirmed by a normal distribution graph for this variable 
(Figure 3).

Neuroradiological assessment results

Tumor size was analyzed in all patients and stratified by sex. 
Tumors were divided into three groups depending on their 
size:

a)	 From 0 to 2 cm – in 3 patients (2 females and 1 male)
b)	 From 2 to 4 cm – in 15 patients (13 females and 2 males)
c)	 Over 4 cm – in 0 patient

The volume of the tumor was also evaluated in the entire study 
group, stratified by sex (Figure 4 and Table IV). Three patients 
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and tumor volume in the evaluated population. These inter-
variable correlations were not statistically significant. No 
correlations were demonstrated for the remaining variables.

Similar analyses were conducted for post-operative variables.

The results are presented in Table VI.

Analysis results indicated the existence of a slight correlation 
between tumor volume (size) and visual acuity results. This 
indicates that removal of an objectively larger tumor may be 
associated with greater expectations as to improvement in 
visual acuity. A similar, though weaker still, correlation was 
observed between the value of the Outcome variable and 
tumor volume. However, given the fact that these correlations 
were not statistically significant, they should not be subject to 
generalization but rather should be treated as an indicator in 
analyzing larger study groups.

Endocrine assessment results

In the pre-operative period, no patients presented symptoms 
of diabetes insipidus, or any abnormalities in corticotropic or 
thyreotropic pituitary function as manifestations of tuberculum 
sellae meningioma. A similar lack of pituitary abnormalities 
was observed post-operatively, with no patients having 
developed diabetes insipidus or cortico-/thyreotropic pituitary 
dysfunction.

Histological assessment results

Histopathological examinations of the resected tumors 
revealed only 3 meningioma subtypes: a) meningothelial, b) 
psammomatous, and c) transitional meningioma (Table VII).

The most commonly diagnosed (in 12 females and 2 
males [77%]) subtype of meningioma was meningothelial 
meningioma. Psammomatous meningioma was diagnosed 
in 2 females (11%) and transitional meningioma in 1 female 
and 1 male (11%). Post-operative follow-up revealed no cases 
of tumor recurrence, thus we were unable to compare these 
histological findings to those in recurrent tumors.

█    Discussion
The first case of tuberculum sellae meningioma was reported 
by J. Steward, based on a postmortem examination in 
1899. In 1916, H.  Cushing conducted the first complete 
removal of this tumor. In 1938, Cushing and Eisenhardt 
presented a series of 28 tuberculum sellae meningiomas 
and proposed their classification based on tumor size. They 
also introduced the term “suprasellar chiasmal syndrome” 
describing the clinical course of this tumor, which allowed 

their pre-operative status. There were no exacerbations in 
visual disturbances in any of the patients.

Although an analysis of statistical variables prior to surgical 
intervention revealed no statistically significant differences, it 
indicated intra-group correlations. Table V presents the results 
of this analysis.

The results showed a correlation between visual acuity 
disturbances and tumor volume as well as between headaches 

 Table IV: Tumor Volume in mm3 in the Total Study Group, and Stratified by Sex

Sex valid N Mean Minimum Maximum SD

Volume F 15 7035.98 1072.33 18,692.48 4708.25

Volume M 3 6310.94 816.81 9621.13 4791.26

Volume Total 18 6915.14 816.81 18692.48 4586.25

M: Male, F: Female.

Table  V: Tabularized Correlation Coefficients for Pre-Operative 
Variables

  Tumor volume

Headache 0.243832897

Visual acuity disturbances 0.416712118

Field of vision disturbances 0.037005

Duration of visual anomalies 0.009650

Without division into groups; Correlations between symptoms and 
tumor volume. The resulting correlation coefficients are significant, 
with p <0.05, N=18 (Cases with missing data were not considered).

Table VI: Correlation Coefficients for Post-Intervention Variables

  Tumor volume

Visual Acuity Outcome 0.416712

Visual Field Outcome -0.097588

Result 0.291421

Correlations The correlation coefficients are significant, with p 
<0.05000. N=18 (Cases with missing data were not considered).

Table VII: Patients Stratified According to the Histopathological 
Diagnosis

Number Cumulative %

Meningothelial 
meningioma 14 14 77.78

Psammomatous 
meningioma 2 16 11.11

Transitional 
meningioma 2 18 11.11

Missing data 0 18 0.00000
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in males (7). Fahlbusch and Schott (9) reported the mean age 
in affected females to be 54.3 years and that in affected males 
54.9 years (7,9,28). In the present study, a surgical approach 
was selected for each patient and all patients who qualified 
for surgery underwent unilateral subfrontal craniotomy, as this 
approach was considered safe. The extent of tumor removal 
in all patients was classified as Simpson grade II. We did not 
observe any deaths or significant post-operative complications 
(such as cerebrospinal fluid leakage, infections, or intracranial 
hematomas) in the group operated via the unilateral subfrontal 
approach. According to the available literature reports, the 
mortality rate in tuberculum sellae meningiomas ranges 
from 0% to 8.6%. Interestingly, Nakamura et al. reported a 
correlation between mortality and the surgical approach used, 
with the following findings: frontal and pterional approach 
– 0%, bifrontal approach – 9.5% (8,29). No deaths were 
observed in our study.

Tumor volume was also analyzed. The mean tumor volume 
was 6915.14 mm3 (7035.98 mm3 in females and 6310.94mm3 

in males). The study group showed a correlation between 
tumor size and visual (acuity) abnormalities (3,6,14,15). It was 
Rosenstein et al. (29) who confirmed more favorable surgical 
treatment outcomes in the case of tumors below 3  cm in 
diameter, with greater odds for visual improvement. Andrews 
and Wilson noticed that in the case of tumors measuring 
over 6 cm in diameter, the chance of visual improvement is 
significantly lower (3,18).

We also analyzed visual disturbances – defects in visual field 
and visual acuity abnormalities prior to and after the operation. 
In the pre-operative period, visual acuity disturbances were 
observed in 16 patients (88%), and field of view defects 
were also observed in 16 patients (88%). We would like to 
emphasize that each patient had at least one type of visual 
disturbance. A study by Fahlbusch and Schott reported 
that 96% patients developed visual impairment as the first 
symptom of their disease. In our group, the pre-operative 
visual disturbances improved in all patients following the 
operation. No patient experienced further visual impairment – 
whether field of view or acuity. In 2 patients (12%, 1 male and 
1 female) visual acuity did not change, and 16 patients (88%) 
experienced visual acuity improvement. In terms of visual 
field defects, no change was observed in two patients (12%; 
2 females) and improved field of view was observed in 16 
patients (88%). Similar findings were reported by Mathiesen 
and Kihlstrom in a group of 29 patients (16). In that study, 91% 
of patients experienced postoperative visual improvement. 
Somewhat less favorable results were described by Otanii 
et al. who reported visual field improvement in only 78% of 
32 operated patients (2,11,20). Conversely, Fahlbusch and 
Schott reported no visual improvement in 36% of patients 
in their group of 47, and postoperative exacerbation in the 
existing visual acuity and field of view impairment in 20% of 
patients. Nakamura et al. reported an improvement in vision 
in 65% of 72 operated patients, and particularly emphasized 
that the surgical procedures conducted via lateral supraorbital 
access yielded vision improvement in 77.8% of patients. 
Bifrontal craniotomy yielded poorer results at 46.2% – still, 
this approach is used only in large tumors. However, Romani 

for its differentiation from other tumors of the region (pituitary 
adenomas, craniopharyngiomas and gliomas). Since then, 
a number of tuberculum sellae meningioma case series 
have been described in the literature reporting the results of 
surgical treatment. We presented an assessment of surgical 
treatment outcomes in 18 patients (i.e. 15 females [87%] 
and 3  males [15%] aged between 30 and 73 years (mean 
age: 50.5; standard deviation: 13.4; including 54.3 years in 
men and 49.7 in women) diagnosed with tuberculum sellae 
meningioma. According to Cushing and Eisenhardt, the 
mean age of patients diagnosed with central nervous system 
meningioma ranges from 42.9 years in females and 52 years 

Figure 5: Post-operative magnetic resonance images of tubercu-
lum sellae meningioma (11-300,13-300,14-300).
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█   Conclusions
1. 	 Surgical treatment of tuberculum sellae meningiomas via 

unilateral frontal craniotomy is a safe technique with no 
significant complications.

2. 	 Visual improvement was reported in 88% of the operated 
patients.

3. 	 No pre- or post-operative endocrine disturbances were 
observed in patients operated via the supraorbital ap-
proach, which suggests that surgical treatment of tuber-
culum sellae meningiomas has no effect on pituitary endo-
crine function.
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significant role in scheduling post-operative follow-up visits 
and possible referrals for radiotherapy. Fahlbusch and Schott 
(9) demonstrated in a group of 47 patients that 79% were 
cases of meningothelial meningioma and 11% represented 
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of all meningiomas in the evaluated patients. 
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with its proximity to the pituitary, suggests that, in a larger 
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discernible effect on pituitary function. The seeming lack of 
effects on the pituitary endocrine function may be amended 
in the future, as more pituitary hormones are considered and 
evaluated. Our studies continue.
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