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Abstract
Background: The large and giant skull base meningiomas are challenging lesions, 
and the involvement of crucial neurovascular structures needs the surgical removal 
as the primordial treatment. The authors report on a series of patients with large and 
giant skull base meningiomas who were treated with the goal of radical removal.
Methods: A retrospective study including 49 patients with large and giant skull base 
meningiomas was carried out. Tumors presenting 3 cm or larger were included.
Results: The meningiomas in the sample included the following types: 10 olfactory 
groove, 8 sphenoorbital, 8 petroclival, 8 tentorial, 4 clinoidal, 4 cavernous sinus, 
3 temporal floor, 2 tuberculum sellae and 2 foramen magnum. The average age 
was 53 years, the mean follow‑up period was 52 months, Simpson Grades I and 
II were obtained in 75.5%. The overall mortality was 5%. Transient cranial nerve 
deficits occurred in 32% with definite cranial nerve lesion in 18%. Cerebrospinal 
fluid leak occurred in 14%.
Conclusions: The surgical treatment is a mandatory option for large and giant skull 
base meningiomas. The radical removal is achievable and should be considered 
an alternative with a good outcome and an acceptable morbidity for such challenge 
lesions.
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INTRODUCTION

The skull base meningiomas are difficult lesions to 
treat when insinuated among cranial nerves and vital 
neurovascular structures. Nowadays, different protocols 
are applied to deal with such tumors, including simple 
observation, partial resection, radiosurgery as primary 
or adjuvant therapy, and aggressive surgical removal. 
Nevertheless, large and giant meningiomas usually 
are surgical lesions because of the mass effect and 
involvement of the brain stem, cranial nerves, dural 

sinuses or vascular structures. The authors present the 
experience of a surgery‑oriented center in the treatment 
of such large tumors.

MATERIALS AND METHODS

A retrospective study that included patients operated on 
between 2004 and 2014 was performed. The inclusion 
criteria were large and giant meningiomas of the anterior, 
middle and posterior skull base, operated on by the first 
author  (CES). The meningiomas with 3  cm or larger, 
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measured in one of the three axis, were included. The 
data related to the surgical interventions were reviewed, 
and special attention was given to the Simpson grade, 
previous radiation treatment, and the site of the 
meningioma. We reviewed the medical records, operative 
reports, radiological exams and follow‑up information of 
the cases. All patients underwent surgery with the intent 
of the most extensive radical removal possible including 
dura and bone invasions.

The patients underwent several skull base approaches 
according to the site of the meningioma. Olfactory 
groove  (OG) lesions were removed through supraorbital, 
cranioorbital and supraorbital bifrontal approaches; 
sphenoorbital meningiomas  (SOM) were removed 
via the cranioorbital zygomatic  (COZ) approach; 
temporal floor  (TF) meningiomas were operated on 
through the zygomatic and COZ approaches; cavernous 
sinus  (CS) lesions were treated via the COZ approach; 
petroclival  (PC) meningiomas were removed through 
the posterior petrosal approach; and torcular and 
tentorial  (TEN) meningiomas were removed through the 
suboccipital and transmastoid retrosigmoid approaches.

RESULTS

Between 2004 and 2014, 49 large and giant meningiomas 
were operated on. The group was composed of the 
following lesions: 10 OG, 8 SO, 8 PC, 8 TEN, 4 clinoidal, 
4 CS, 3 TF, 2 tuberculum sellae and 2 foramen magnum. 
The group was composed of 38  females and 11  males 
with an average age of 53 years (range: 31–83). The mean 
follow‑up period was 52 months (range: 06–120 months). 
Simpson Grades I and II were obtained following 75.5% of 
the surgeries; 45% Simpson Grade  I and 30.5% Simpson 
Grade  II. The meningiomas that had previously been 
irradiated composed 16% of the cases. The meningiomas 
were larger than 4  cm in 45%. Subsequent recurrence 
after aggressive removal  (Simpson Grade  I) occurred in 
4% of the cases within the evaluated period.

The overall mortality was 5%, and such patients presented 
giant meningiomas  (larger than 4  cm). Transient cranial 
nerve deficits occurred in 32% of the cases, and complete 
recoveries were observed within 3  months of follow‑up. 
The definite cranial nerve deficit was 18%. Cerebrospinal 
fluid  (CSF) leak occurred in 14%, hemiparesis was 6% 
and infection was 2%.

Table 1 presents the findings of the series.

DISCUSSION

The OG meningiomas were treated through the 
supraorbital approach, the cranioorbital approach, which 
is a variation of the COZ approach that includes only 
the cranioorbital flap, and through the supraorbital 

bifrontal approach. The approaches were selected 
according to the extension of the tumors into the 
surrounding neurovascular structures and lead to a 
large exposure of the tumors and aggressive removal 
of the dural and bone involvement. Four cases of 
the series were recurrent OG meningiomas, with the 
common feature of bone involvement of the tumors 
that was not removed during the first surgery in other 
centers. This feature has also been observed in other 
series of recurrent OG meningiomas and represents 
the most relevant finding for the failure of the surgical 
control of the disease.[15,21] In cases which the dura 
and hyperostotic bone involvement of the anterior 
fossa were evidenced in preoperative images, aggressive 
removal of all disease were performed, and the anterior 
skull base was reconstructed using pericranial flaps and 
fascia lata, achieving Simpson Grade  1 in all cases, but 
one[20]  [Figures  1 and 2]. Such patient was a comatose 
patient with a giant recurrent tumor, previously operated 
on in another department, and a Simpson Grade III was 
done, with long postoperative Intensive Care Unit period. 
In 1 patient who underwent surgery in our department, a 
giant meningioma was removed with the dural and bone 
involvement of the anterior fossa, and a small recurrence 
occurred 6  years after surgery in the most anterior part 
of the anterior fossa near the falx. We performed a 
second radical removal of this small recurrence and only 
the dura was removed because there was no evidence of 
bone involvement. This case likely represents a regional 
multicentricity of the meningioma, since the recurrence 
occurred more anteriorly, and the follow‑up of this case 
was altered to shorter intervals in order to observe any 
other recurrence.

Sphenoorbital meningiomas are challenging lesions 
in terms of radical removal because orbital and CS 
structures are involved in many cases. Patients with large 
and giant SOM usually develop exophthalmos, visual 
disturbances and eye pain, and magnetic resonance 
imagings  (MRIs) and computed tomography reveal 
bone invasion of the sphenoid wing and orbit.[23,30] The 
first surgical approach for SOM should include orbital 
bone removal even of cases of very minor hyperostotic 
changes because hyperostosis indicates tumor bone 
invasion and a higher rate of recurrence[21,25,28] [Figures 1 
and 2]. In five cases of SOM, Simpson Grade  I was 
achieved, in two cases a Simpson Grade II was possible. 
Four cases were recurrent tumors, operated on in 
other departments and three cases received Simpson 
Grade  I resection. In only one case, a giant recurrent 
SOM operated on 7  times in another centers, a partial 
decompression was done. Such patient presented CSF 
leak and infection during the postoperative period. COZ 
and cranioorbital approaches were utilized in all cases 
of SOM and included radical resections of the dura and 
bone involvement. SOM that involve the medial portion 
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of the sphenoid wing represent more challenging 
lesions due to the involvement of the neurovascular 
structures, but there is an arachnoidal plane between 
the neurovascular structures and the medial portion of 
the sphenoid wing meningioma.[5,30] Using microsurgical 
techniques via the arachnoidal plane allows for the 
removal of such meningiomas with low morbidity 
rates.[5] Two cases presented CSF leak, which required 
fascia lata reconstruction of the dura mater under the 
temporal lobe. 1 patient presented transient third nerve 
palsy with complete recover in 60 days.

The clinoidal meningiomas included were all Al‑Mefty’s 
type  II. These meningiomas arise from the superior and/
or lateral portion of the anterior clinoid, with arachnoidal 
membrane of the carotid artery between the tumor and 
arterial adventitia.[5] All cases received Simpson Grade  I 
resection with no morbidity.

In hard, consistent tumors of the CS, radical resection 
of the dura and bone is impossible to achieve 

Table 1: Characteristics of the patients with large and giant meningiomas

n/%

Site Simpson grade I and II Transient cranial nerve deficits Definite cranial nerve deficits CSF fistula Hemiparesis

OG (10/20) 9/90 2/20 2/20 1/10 0
TS (2/4) 2/100 2/100 2/100 0 0
CLIN (4/8) 4/100 0 0 0 0
SO (8/16) 7/87.5 1/12.5 0 2/25 0
CS (4/8) 1/25 2/50 0 1/25 0
TF (3/6) 2/66 1/33 0 0 0
PC (8/16) 7/87.5 4/50 3/37.5 1/12.5 3/37.5
TENT (8/16) 4/50 0 0 1/12.5 0
FM (2/4) 1/50 0 0 1/50 0
Total (49/100) 37/75.5 16/32 9/18 7/14 3/6
CLIN: Clinoid, CS: Cavernous sinus, CSF: Cerebrospinal fluid, FM: Foramen magnum, OG: Olfactory groove, PC: Petroclival, SO: Sphenoorbital, TEN: Tentorial, TF: Temporal floor, 
TOR: Torcula, TS: Tuberculum sellae

Figure 1: Illustrative case – Left sphenoorbital meningioma. 
L (left): Preoperative images, R (right): Postoperative images

Figure 2: Illustrative cases – Upper: Computed tomography (CT) 
scan sphenoorbital meningioma, Middle: CT scan petroclival 
meningioma, Lower: Magnetic resonance imaging olfactory groove 
meningioma. L (left): Preoperative images, R (right): Postoperative 
images. Observe the aggressive bone removal in all three cases
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in many cases.[13,26,27] In such tumors, gross total 
removal (GTR) (Simpson Grade III) is reasonable and is a 
successful surgical treatment. Considering that the mean 
age of the group was 53 years old, the life expectancy for 
the majority of the cases was high. In our opinion, the 
concerns related to reducing the transoperative risks and 
maintaining quality of life led to incorrect decisions in 
terms of the best surgical options for these patients. It is 
important to consider that radically treated meningiomas 
can result in high recurrence‑free rates at 5 and 20  years 
of follow‑up.[1,17] Despite of CS meningiomas were 
considered “no man’s land” for so many time, during the 
first surgery they were removed as radically as possible. 
Two CS meningiomas, with a very hard consistency, 
underwent GTR  (Simpson Grade  III). The third CS 
meningioma was a soft tumor and was removed via 
peeling of the middle fossa and the lateral wall of the 
CS, which was considered to be a Simpson Grade  II 
resection. This patient presented with transient cranial 
nerve III and IV palsies and total recovery in 3  months. 
A  hard tumor, with encasement of the internal carotid 
artery (ICA), received a debulking and partial removal, in 
the extracavernous portion  (Simpson Grade  IV). At our 
department, ICA preservation is a goal, even if it means 
leaving a residual tumor adherent to the artery.

Three patients with TF meningiomas were included 
and two received Simpson Grade  I resection. One case 
was a recurrence of a giant TF tumor with infratemporal 
fossa invasion that followed a Simpson Grade  III 
removal and conformational radiotherapy in another 
department. The tumor was totally removed through 
the zygomatic approach with aggressive bone resection 
of the TF  (Simpson Grade  I). Seven years later, the 
patient presented with a new small recurrence in the 
lateral wall of the CS and medial portion of the TF, 
which was removed through the COZ approach and 
achieved a Simpson Grade  III with a transient sixth 
nerve palsy recovered in 3  months. This case illustrates 
the importance of the first surgery for the local control 
of meningiomas. The absence of the arachnoidal plane 
and associated postirradiation disturbances make 
radical removal of such meningiomas without definite 
morbidity impossible. We have closely followed this 
patient over the last 3  years and are worried about the 
next recurrence of this irradiated meningioma, which is 
at risk for malignant progression.[4,9] In the second case, 
the MRI presented necrosis and a cystic portion invading 
the temporal lobe, and a Simpson Grade  I resection was 
performed. Histological analysis diagnosed a malignant 
meningioma and conformational radiotherapy was carried 
out. Close following with MRI each 6 months in the first 
2 years have been done without any recurrence. The third 
case, a 87‑year‑old patient with invasive TF and petrous 
bone meningioma, receives a Simpson Grade  III removal 
without any postoperative complication.

Petroclival meningiomas are the most challenging 
tumors because of their neurovascular involvements. In 
the present series, they were the only topography with 
major motor impairments. Large and giant meningiomas 
in the PC region mean brain stem and cranial nerves 
compression. The same concept of the arterial 
preservation is applied to the basilar artery and perforators 
in PC lesions. In 3  patients, with giant PC tumors and 
one previously irradiated, contralateral hemiparesis were 
observed in the postoperative follow‑up. Two giant 
recurrent PC meningiomas have previously been operated 
on with partial resections. The rescue surgery achieved 
a Simpson Grade  II, but the previously irradiated case, 
mentioned above, developed a venous infarction of the 
antero‑lateral portion of the pons and presented with 
definite hemiparesis and VI and VII nerve palsies. In 
1 patient, presenting bilateral six nerves palsy, a complete 
recover of the palsies were obtained after a Simpson 
Grade  II removal of a soft meningioma. Here, as in the 
CS topography, the consistency of the tumor is crucial for 
the success of the surgical removal. In the present series, 
a more aggressive surgery Simpson Grade II, was possible 
only in soft tumors. The posterior petrosal approach was 
fundamental for the aggressive removal obtained in seven 
of the eight cases included in the present series. Such 
approach allows to control and exposure from the third 
to 12 cranial nerves, basilar artery and branches, and 
the brain stem structures.[7,3,14,25] For large and giant PC 
meningiomas, when the goal is the complete removal, the 
posterior petrosal approach, preserving the labyrinthine 
structures, leads to a wide and safe exposure[7] [Figure 2].

The giant TEN and torcular meningiomas are difficult 
lesions because of the venous relations of the tumors. In 
one giant torcular meningioma that had been partially 
removed and previously irradiated presented with a total 
occlusion of the torcula  (TOR) on magnetic resonance 
venography. The radical “en bloc” removal of the TOR 
and TEN involvements led to a massive posterior fossa 
venous infarct, and patient died in the postoperative 
period. The TEN meningiomas related to the lower 
surface of the temporal lobe need to a complete temporal 
venous drainage study. The venous configuration and 
preservation is very important to avoid venous infarction 
in the postoperative period.[25] Simpson Grades I and II 
were obtained in 50% of the cases.

The Simpson paper highlighted the importance of radical 
removal during the surgical treatment of meningiomas in 
the prevention of tumor recurrence and different series 
observed similar results.[1,16,17,19,29] Nowadays, there is a 
trend to be less radical during the removal of skull base 
meningiomas due to concerns related to the quality of 
life of the patient and the goal of reducing the morbidity 
of the surgical procedure.[22,23,30] Stereotactic radiosurgery 
has been used as primary or adjuvant therapy in many 
cases of skull base meningiomas, and the recurrence of 
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such cases result in lesions that are clearly difficult to 
manage.[4,9] In skull base meningiomas, such aggressive 
resection is not possible in many cases due to the 
surrounding vital neurovascular structures. Despite this, 
there are numerous series that have considered the 
application of modern skull base techniques, fluorescent 
markers, transoperative imaging, and neuronavigational 
systems that have reported high rates of complete 
removal of skull base meningiomas and low morbidity 
rates.[2,3,5‑8,10‑12]

The correct application of the Simpson concept to 
skull base meningiomas is relevant. Some authors have 
described GTR and suggested that such patients are 
radically treated in terms of the risk of recurrence. 
In some series, patients with skull base meningiomas 
included in GTR groups are Simpson Grade  III, and 
their recurrence rates are obviously higher than those of 
patients for whom true total removal is achieved. In this 
study, true total removal includes the resection of all dura 
and bone involvement, a Simpson Grade  I, and it was 
achieved in 45%.

The efforts to achieve the most radical resections possible 
in the large and giant meningiomas were reinforced 
by the ages of the patients. Younger patients should be 
treated while considering that longer follow‑up periods 
are favorable for recurrence in any modality of treatment 
for meningiomas. The surgical modality should offer the 
best chance for local control and thus should be a radical 
removal whenever it is possible. The chance of surgical 
control of the disease in recurrence is lower, but when 
there is a possibility of achieving extensive resection 
with lower morbidity, we also believe that this is the best 
surgical option.[7,13,14,26,27]

The mean follow‑up period of the patients was 
52  months. In one OG meningioma, a small recurrence 
was diagnosed 6  years after a supposed Simpson Grade  I 
resection, and one TF meningioma recurred for the 
2nd  time 7  years after a radical removal. These findings 
are consonant with those on the literature, which 
suggests the importance of long follow‑up periods for 
benign meningiomas and supports the concept that 
Simpson Grades I and II are related to long periods of 
local tumor control.[1,16,17] An extended follow‑up period is 
important to evaluate the success rates of all modalities of 
treatment that are proposed for the management of such 
tumors. Short follow‑ups periods tend to overestimate 
the treatment effect in the control of the disease.[1,16,17,29]

Currently, we follow patients with benign meningiomas 
and consider the Ki‑67 index, hormonal receptors and 
molecular cytogenetics to predict their recurrence.[8,18,22,24] 
In cases in which recurrences are diagnosed, we consider 
surgical removal as the first treatment option. When 
surgical removal is not possible, the cytogenetic 
profile is unfavorable, and growth of the meningioma 

is documented, we consider radiosurgery. In our 
department, radiosurgery is avoided as the first option 
for benign meningiomas and as immediate adjuvant 
therapy even in cases of less radical surgeries. Depending 
on the molecular findings and the proliferating index, 
in favorable cases, such tumors remain stable and with 
no recurrence over long periods.[1,17] In cases that have 
undergone radical removal, local control is even better, 
which justifies the avoidance of submitting patients to 
irradiation and following the cases over years.[1,7,14,21] In 
atypical meningiomas  (WHO II), if resection achieves 
Simpson Grade  I or II, a close follow‑up with MRI each 
3  months in the 1st  year and each 6  months during the 
2nd  year is recommended. If recurrence is evidenced, 
surgical removal followed by radiosurgery is the choice 
of the department. In malignant meningiomas, as radical 
resection as possible is followed by radiosurgery.

CONCLUSIONS

Radical removal in large and giant skull base meningiomas 
is achievable and should be considered an option with 
good outcomes and acceptable morbidity. The authors 
recommend extensive dura and bone removal in the 
surgical treatment of such lesions whenever possible 
to obtain higher rates of local control. An extended 
follow‑up period, cytogenetic analysis, and proliferating 
index are crucial to evaluate the local control rates and 
subsequent therapies.
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Commentary

The management of patients with skull base meningiomas 
requires a balance between definitive treatment of the 
tumor and avoidance of neurologic damage. Patient‑specific 
factors such as the presence or absence of symptoms, age, 
comorbidities and the location of the meningioma in 
relation to critical brain structures and regions, and the 
histopathologic characteristics (WHO grade) are important 
factors in determining the optimal treatment.[3]

Observational studies have reported that complete 
resection, when feasible, was associated with significantly 
prolonged survival compared to partial resection.[2,4,5] On 
the other hand, postoperative neurologic deficits can be 
a direct complication of surgery. The reported incidence 
of such neurologic deficits ranges from 2 to 30 percent, 
depending upon the location of the tumor and the extent 
of the resection.[3]

Surgery has the potential to cure any kind of meningioma, 
even those located in the skull base. Thus, the progress 
in meningioma treatment took the neurosurgeon to 
treat a skull base meningioma in the same way they are 
treated in more accessible locations: With total removal 
of the tumor and its origin without inflicting neurologic 
deficits.[1] In order to minimize the postoperative 
neurologic deficits in the surgical treatment of skull 
base meningiomas, it is important to make, like the 
authors emphasize in this paper, a skull base approach, 
like fronto‑orbito‑zygomatic, presigmoid or far‑lateral 

approaches. Thus, the evolution of skull base surgery 
with refinement of skull base approaches has improved 
the outcomes for those patients. The appropriate choice 
of the approach minimizes cranial nerve and brain 
morbidity, and facilitates maximal removal of tumor.
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