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Abstract

With recent advances in surgical technology such as preoperative imaging, neuro-monitoring, and surgi-
cal instruments, the surgical resectability of intracranial meningiomas has increased over the last two 
decades. This study reviewed clinical articles regarding the surgical treatment of meningiomas to clarify 
the role of surgical excision, with a focus on skull base meningiomas. We sub-classified clinical articles 
about skull base meningiomas into two categories (anterior and middle fossa meningiomas; and poste-
rior fossa meningiomas) and reviewed papers in each category. In cases with anterior and middle fossa 
meningiomas, surgical resectability has reached a sufficient level to maximize functional preservation.  
In cases of posterior fossa meningioma, however, surgical respectability remains insufficient even with full 
use of recent surgical modalities. Continuous refining of operative procedures is required to obtain more 
satisfactory outcomes, especially for posterior fossa meningioma. In addition, recent long-term outcomes 
of stereotactic radiosurgery (SRS) were acceptable for controlling the skull base meningiomas. Therefore, 
combination with surgical excision and SRS should be considered in complicated skull base meningiomas.
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Introduction

With recent advances in surgical technology such 
as preoperative imaging, neuro-monitoring, and 
surgical instruments, the surgical resectability of 
intracranial meningioma has increased markedly 
over the last two decades. In particular, in the 
field of skull base meningioma, surgical outcomes 
have dramatically improved due to these technical 
contributions. This study reviewed clinical articles 
regarding the surgical treatment of meningiomas to 
clarify the role of surgical excision, with a particular 
focus on skull base meningiomas.

Materials and Methods

We sub-classified clinical articles about skull base 
meningiomas into two categories and reviewed 
papers in each category. The first category comprised 
anterior and middle fossa meningiomas, including 
meningiomas of the olfactory groove, tuberculum 
sellae, clinoid, sphenoid wing, and pure cavernous 
sinus. The second category involved posterior fossa 
meningiomas, including petrous, petroclival, jugular 
foramen, and foramen magnum meningiomas. In 

addition to reviewing surgical resectability of the 
meningiomas, we briefly summarized the outcomes of 
radiosurgery for skull base meningiomas to achieve 
sufficient outcomes to the patients.

Results

I. Anterior and middle fossa meningiomas
1. Olfactory groove meningiomas

Surgical outcomes of olfactory groove meningi-
omas have been acceptable since the beginning of 
the microsurgical era. Initially, a bilateral subfrontal 
approach was mainly applied for wide exposure of 
the lesions and surgical safety.1) Complete removal 
of the tumor was performed in 84% of patients.1) 
Less-invasive approaches such as unilateral subfrontal 
and frontolateral approaches were subsequently intro-
duced to minimize the sizes of the dural opening 
and craniotomy.2–7) Recent articles have revealed 
that more than 90% of tumors underwent total 
resection with each approach.3,5,7) Several groups 
have preferred to select endoscopic approaches 
to lesions through a frontal key hole window or 
transnasal corridors to decrease frontal lobe retrac-
tion.8–10) Surgical resectability of this approach is 
also acceptable, but endoscopic approaches cannot 
be applied to tumors more than 40 mm in diameter, Received December 30, 2015; Accepted March 11, 2016
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calcification, or absence of a cortical vascular cuff.10,11) 
The resectability of olfactory groove meningiomas is 
shown in Table 1. Transcranial approaches are more 
radical than the endoscopic endonasal approach for 
olfactory groove meningiomas.

2. Tuberculum sellae meningiomas
Tuberculum sellae meningiomas were resected 

via various surgical approaches. In the early period 
of microsurgery, a bilateral subfrontal approach 
was preferably selected and unilateral subfrontal 
and frontotemporal craniotomy approaches were 
applied after good development of microsurgical 
treatments.12–15) However, visual outcomes remained 
inadequate until 2005.16–19) In these reports, visual 
outcomes deteriorated in 20% of patients. For the 
last 10 years, visual outcomes have improved with 
better neuromonitoring and additional surgical 
modifications.20–22) Some groups have used the inter-
hemispheric approach to observe the medial and 

Table 1 Surgical resectability of olfactory groove 
meningiomas 

Author No. of 
patients

Surgical 
approach 

Gross total 
resection 

(%)

Bassiouni et al.3) 56 Transcranial 100

Bitter et al.5) 61 Transcranial 98

Romani et al.7) 66 Transcranial 91

Banu et al.9) 6 Endoscopic 
endonasal 50

7
Endoscopic 
supraorbital 

eyebrow 
100

Koutourousiou 
et al.11) 50 Endoscopic 

endonasal 66.7

Table 2 Surgical outcome of tuberculum sellae meningiomas

Author No. of patients Surgical approach GTR (%) Visual deterioration (%)

Arai et al.14) 21 Interhemispheric 100 10

Fahlbusch et al.16) 47 Pterional 98 20

Goel et al.17) 70 Unilateral subfrontal 84.3 10

Park et al.18) 30 Frontolateral 76.7 30

Nakamura et al.19) 72 Pterional 91.7 12.5

Mathiesen et al.20) 29 Pterional 85.1 0

Chokyu et al.21) 34 Bifrontal interhemispheric 79.4 0

Curey et al.22) 20 Interhemispheric 95 9

Koutourousiou et al.23) 75 Endoscopic endonasal 76 3.6

GTR: gross total resection.

inferior surfaces of the optic apparatus and have 
presented sufficient visual outcomes.21,22) Others 
have applied an endoscopic endonasal approach to 
minimize optic nerve manipulation.23,24) Endoscopic 
approaches offer successful visual outcomes, but 
cannot be applied to all cases. Lateral extension, 
large tumor volume, calcification, and absence of a 
cortical vascular cuff seem to be contraindications. 
Surgical outcomes for tuberculum sellae meningioma 
are summarized in Table 2.

3. Clinoid and sphenoid wing meningiomas
Clinoid and sphenoidal wing meningiomas were 

regarded as challenging tumors at the beginning of 
microsurgery, due to the anatomical proximity to the 
optic nerve and involvement of the internal carotid 
artery and its perforating arteries.25) In the report 
presented by Bonnal et al., successful gross total 
resection was performed in only 23.5% of patients.25) 
With advances in skull base techniques, such as 
clinoidectomy and optic canal unroofing, this type 
of tumor can be safely and radically resected.26,27) 
Lee et al. achieved a total resection rate of 86.7% 
in patients.26) Most recent clinical articles have 
emphasized the importance of early optic canal 
unroofing for preservation of optic function.28–32) 
Table 3 summarizes recent clinical outcomes for 
clinoid meningiomas.

4. Cavernous sinus meningiomas
In the 1990s, when skull base approaches flourished, 

many experts tried total resection of cavernous sinus 
meningioma through several cavernous triangles. 
Surgical results were not satisfactory for functional 
preservation of cranial nerves passing through 
the cavernous sinus.33–35) Subtotal resection with 
stereotactic radiotherapy has since been regarded 
as acceptable treatment to preserve cranial nerve 
functions.36–38)
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II. Posterior fossa meningiomas
1. Petrous meningiomas

Petrous meningiomas originating from the posterior 
surface of petrous bone can be sufficiently resected 
via a lateral suboccipital approach. Neuro-monitoring 
of cranial nerves and the microsurgical anatomy 
of the posterior fossa have greatly contributed to 
the advancement of surgical results. In most recent 
articles, petrous meningiomas behind the internal 
auditory canal have been successfully excised via a 
lateral suboccipital approach.39–48) Previous studies 
have already emphasized the less important morbidity 
regarding auditory and facial function in this group 
compared with petroclival meningiomas.48) The surgical 
results published in the literature are presented in 
Table 4. Rates of facial function preservation have 
been good (mean, 94%; range, 71–100%), but the rate 
of serviceable hearing preservation is more variable 
(mean, 85%; range, 75–100%).

2. Petroclival meningiomas
Petroclival meningioma remains a most challenging 

tumor due to the proximity to critical neurovascular 
structures. Until the mid-1980s, this tumor was regarded 
as unresectable. However, after pioneering efforts in 
the skull base field, surgical resectability of these 
tumors started to increase in the 1990s.49–55) Several 
variations of transpetrosal approaches have been intro-
duced, mainly in this period.49–55) At that time, surgical 
morbidity was the main problem to be improved, 
despite the high resectability of the tumors.48–55) New 
neurological deficits appeared in more than 50% of 
patients in most clinical articles.48–55) Surgical results 
from that time are presented in Table 5. Some recent 
groups have recommended surgical excision via a 
lateral suboccipital approach to simplify the proce-
dures and decrease venous complications around the 
temporal lobe.56–59) In this procedure, subtotal resection 
followed by radiosurgery is preferable to minimize 
complications. In the article presented by Seifert, 
the frequency of postoperative cranial nerve deficits 
decreased to 22%.58) Those results are acceptable. 
On the other hand, other groups have recommended 
the more sophisticated petrosal approach to mini-
mize surgical complications and achieve satisfactory 
surgical outcomes.60–65) One reason for this controversy 
regarding surgical approaches is the definition of 
petroclival meningioma. The narrow definition is a 
meningioma originating from the medial side of the 
trigeminal nerve and compressing cranial nerves and 
the brainstem backward. Under such a narrow defi-
nition, a petrosal approach is an essential procedure 
for safe radial resection.62,63) The broader definition 
is meningioma arising from the petrous apex and 
tentorium and extending to the petroclival junction. 
Such tumors compress cranial nerves downward and 
the brainstem medially. Under this situation, a lateral 
suboccipital approach is reasonable and efficient.56–58)

3. Jugular foramen meningiomas
Jugular foramen meningioma is a very rare entity 

and few clinical articles have presented outcomes.66–68) 
In those articles, jugular foramen meningiomas 

Table 5 Surgical outcome of petroclival meningiomas 
in early period

Author No. of 
patients

GTR 
(%)

Mortality and 
morbidity (%)

Hakuba et al.49) 6 100 67

Samii et al.51) 24 71 63

Al-Mefty et al.52) 13 85 49

Mayberg et al.55) 35 26 54

GTR: gross total resection.

Table 3 Surgical outcome of clinoid and sphenoid wing 
meningiomas

Author No. of 
patients GTR (%)

Visual 
deterioration 

(%) 

Lee et al.26) 15 86.7 0

Bassiouni et al.27) 106 59 14

Romani et al.29) 73 78 10

Mariniello et al.30) 46 84.8 3.3

Nakamura et al.32) 108 92.3 4

GTR: gross total resection.

Table 4 Surgical outcome of posterior petrous 
meningiomas

Author No. of 
patients

GTR 
(%)

Facial 
palsy (%) 

Hearing 
loss (%)

Schaller et al.39) 17 88 29 22.5

Roberti et al.40) 9 100 NR NR

Selesnick et al.41) 6 99 0 NR

Bassiouni et al.42) 19 100 5 0

Batra et al.43) 10 NR 0 11

Nakamura et al.44) 44 91 7 23

Wu et al.45) 28 100 7.1 NR

Devèze et al.46) 9 78 11 25

Sanna et al.47) 7 100 14 0

Peyre et al.48) 17 94 0 18

GTR: gross total resection.
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usually invade the dura mater, cranial nerves, and 
surrounding bone. Radical surgical excision of the 
tumor usually leads to severe lower cranial nerve 
paresis.66–68) In the few articles published, 30–60% 
of patients suffered lower cranial nerve palsy after 
tumor excision. The extent of tumor removal should 
thus be decided with care, considering preoperative 
lower cranial nerve function. Clinical outcomes are 
shown in Table 6.

4. Foramen magnum meningiomas
The surgical difficulty of treating foramen magnum 

meningioma mainly depends on the site of attach-
ment. The definition covers meningiomas arising 
from the lower-third of the clivus to the axis. Most 
articles have reported foramen magnum meningi-
omas attaching to the lower-third of the clivus as 
the most challenging tumor for the preservation of 
lower cranial nerve functions. On the other hand, 
meningiomas at the level of the foramen magnum, 
atlas, and axis have been successfully resected in 
all recent clinical papers.69–75) Precise radiological 
evaluation is recommended to estimate surgical 
resectability.69–75)

III. Radiosurgery for skull base meningiomas 
Particularly with the advent of computed tomog-

raphy and magnetic resonance imaging, which have 
facilitated improved targeting and early detection, 
stereotactic radiosurgery (SRS) has been used with 
increasing frequency to treat patients with skull 
base meningiomas. In the series presented by Starke  
et al., follow-up imaging demonstrated tumor control 
in 86% of patients at a median follow-up of 6.5 
years and radiological progression-free survival 
showed 99% at 3 years, 96% at 5 years, and 79% 
at 10 years.76) Similar results were presented by SRS 
reports.77–79) And these results were acceptable for 
the patients with skull base meningiomas. When we 
surgically treat a skull base meningioma, benefits 
of SRS should be considered in all cases. In cases 
with severe involvement of critical neurovascular 
structures, maximum tumor reduction combined 
SRS should be an ideal procedure for the patients. 

Table 6 Surgical outcome of jugular foramen 
meningiomas

Author No. of 
patients

GTR 
(%)

New deficit of lower 
cranial nerves (%)

Bakar66) 96 85.7 30.6

Sanna et al.67) 13 84.6 61.5

Ramina et al.68) 10 50 50

GTR: gross total resection.

The combination of microsurgery and SRS appears 
to attain higher long-term tumor control rates of 
above 80% and even above 90% in most series.80–82)

Conclusion

Most cases with anterior and middle fossa menin-
giomas but not cavernous sinus meningiomas can 
be removed radically and can be controlled by 
surgery alone using current skull base techniques. 
However, the cavernous part of the tumor or some 
residue around the perforating arteries tends to be 
treated by SRS to minimize surgical complications. 
On the other hand, the resectability of posterior 
fossa meningiomas is insufficient compared with 
that of meningiomas in the anterior or middle fossa, 
even with the development of surgical instruments, 
neuroimaging, and neuro-monitoring. Maximum 
tumor reduction with functional preservation offers 
reasonable treatment for posterior fossa meningiomas. 
However, we should not overlook the fact that 
radical excision of the tumor leads to good long- term 
tumor control.76) Continued efforts to refine opera-
tive procedures are thus required to obtain further 
satisfactory outcomes.

Conflicts of Interest Disclosure

The authors report no conflict of interest concerning 
the materials or methods used in this study or the 
findings specified in this article.

References

 1) Rubin G, Ben David U, Gornish M, Rappaport ZH: 
Meningiomas of the anterior cranial fossa floor. 
Review of 67 cases. Acta Neurochir (Wien) 129: 
26–30, 1994

 2) Nakamura M, Struck M, Roser F, Vorkapic P, Samii 
M: Olfactory groove meningiomas: clinical outcome 
and recurrence rates after tumor removal through the 
frontolateral and bifrontal approach. Neurosurgery 
60: 844–852; discussion 844–852, 2007

 3) Bassiouni H, Asgari S, Stolke D: Olfactory groove 
meningiomas: functional outcome in a series treated 
microsurgically. Acta Neurochir (Wien) 149: 109–121; 
discussion 121, 2007

 4) Babu R, Barton A, Kasoff SS: Resection of olfactory 
groove meningiomas: technical note revisited. Surg 
Neurol 44: 567–572, 1995

 5) Bitter AD, Stavrinou LC, Ntoulias G, Petridis AK, 
Dukagjin M, Scholz M, Hassler W: The role of the 
pterional approach in the surgical treatment of 
olfactory groove meningiomas: a 20-year experience. 
J Neurol Surg B Skull Base 74: 97–102, 2013

 6) Downes AE, Freeman JL, Ormond DR, Lillehei KO, 
Youssef AS: Unilateral tailored fronto-orbital approach 



T. Goto et al.376

Neurol Med Chir (Tokyo) 56, July, 2016

for giant olfactory groove meningiomas: technical 
nuances. World Neurosurg 84: 1166–1173, 2015

 7) Romani R, Lehecka M, Gaal E, Toninelli S, Celik O, 
Niemelä M, Porras M, Jääskeläinen J, Hernesniemi J: 
Lateral supraorbital approach applied to olfactory 
groove meningiomas: experience with 66 consecu-
tive patients. Neurosurgery 65: 39–52; discussion 
52–53, 2009

 8) Prevedello DM, Ditzel Filho LF, Fernandez-Miranda 
JC, Solari D, do Espírito Santo MP, Wehr AM, 
Carrau RL, Kassam AB: Magnetic resonance imaging 
fluid-attenuated inversion recovery sequence signal 
reduction after endoscopic endonasal transcribiform 
total resection of olfactory groove meningiomas. 
Surg Neurol Int 7: 158, 2015

 9) Banu MA, Mehta A, Ottenhausen M, Fraser JF, 
Patel KS, Szentirmai O, Anand VK, Tsiouris AJ, 
Schwartz TH: Endoscope-assisted endonasal versus 
supraorbital keyhole resection of olfactory groove 
meningiomas: comparison and combination of 2 
minimally invasive approaches. J Neurosurg 124: 
605–620, 2016

10) Padhye V, Naidoo Y, Alexander H, Floreani S, 
Robinson S, Santoreneos S, Wickremesekera A, 
Brophy B, Harding M, Vrodos N, Wormald PJ: 
Endoscopic endonasal resection of anterior skull 
base meningiomas. Otolaryngol Head Neck Surg 
147: 575–582, 2012

11) Koutourousiou M, Fernandez-Miranda JC, Wang EW, 
Snyderman CH, Gardner PA: Endoscopic endonasal 
surgery for olfactory groove meningiomas: outcomes 
and limitations in 50 patients. Neurosurg Focus 37: 
E8, 2014

12) Solero CL, Giombini S, Morello G: Suprasellar and 
olfactory meningiomas. Report on a series of 153 
personal cases. Acta Neurochir (Wien) 67: 181–194, 
1983

13) Symon L, Rosenstein J: Surgical management of 
suprasellar meningioma. Part 1: the influence of 
tumor size, duration of symptoms, and microsur-
gery on surgical outcome in 101 consecutive cases.  
J Neurosurg 61: 633–641, 1984

14) Arai H, Sato K, Okuda, Miyajima M, Hishii M, 
Nakanishi H, Ishii H: Transcranial transsphenoidal 
approach for tuberculum sellae meningiomas. Acta 
Neurochir (Wien) 142: 751–756; discussion 756–757, 
2000

15) Benjamin V, Russell SM: The microsurgical nuances 
of resecting tuberculum sellae meningiomas. Neuro-
surgery 56: 411–417; discussion 411–417, 2005

16) Fahlbusch R, Schott W: Pterional surgery of menin-
giomas of the tuberculum sellae and planum sphe-
noidale: surgical results with special consideration 
of ophthalmological and endocrinological outcomes. 
J Neurosurg 96: 235–243, 2002

17) Goel A, Muzumdar D, Desai KI: Tuberculum sellae 
meningioma: a report on management on the basis 
of a surgical experience with 70 patients. Neuro-
surgery 51: 1358–1363; discussion 1363–1364, 
2002

18) Park CK, Jung HW, Yang SY, Seol HJ, Paek SH, 
Kim DG: Surgically treated tuberculum sellae and 
diaphragm sellae meningiomas: the importance of 
short-term visual outcome. Neurosurgery 59: 238–243; 
discussion 238–243, 2006

19) Nakamura M, Roser F, Struck M, Vorkapic P, Samii 
M: Tuberculum sellae meningiomas: clinical outcome 
considering different surgical approaches. Neurosur-
gery 59: 1019–1028; discussion 1028–1029, 2006

20) Mathiesen T, Kihlström L: Visual outcome of tuber-
culum sellae meningiomas after extradural optic 
nerve decompression. Neurosurgery 59: 570–576; 
discussion 570–576, 2006

21) Chokyu I, Goto T, Ishibashi K, Nagata T, Ohata K: 
Bilateral subfrontal approach for tuberculum sellae 
meningiomas in long-term postoperative visual 
outcome. J Neurosurg 115: 802–810, 2011

22) Curey S, Derrey S, Hannequin P, Hannequin D, 
Fréger P, Muraine M, Castel H, Proust F: Valida-
tion of the superior interhemispheric approach 
for tuberculum sellae meningioma: clinical article.  
J Neurosurg 117: 1013–1021, 2012

23) Koutourousiou M, Fernandez-Miranda JC, Stefko ST, 
Wang EW, Snyderman CH, Gardner PA: Endoscopic 
endonasal surgery for suprasellar meningiomas: 
experience with 75 patients. J Neurosurg 120: 
1326–1339, 2014

24) Clark AJ, Jahangiri A, Garcia RM, George JR, Sughrue 
ME, McDermott MW, El-Sayed IH, Aghi MK: Endo-
scopic surgery for tuberculum sellae meningiomas: 
a systematic review and meta-analysis. Neurosurg 
Rev 36: 349–359, 2013

25) Bonnal J, Thibaut A, Brotchi J, Born J: Invading 
meningiomas of the sphenoid ridge. J Neurosurg 
53: 587–599, 1980

26) Lee JH, Jeun SS, Evans J, Kosmorsky G: Surgical 
management of clinoidal meningiomas. Neurosurgery 
48: 1012–1019; discussion 1019–1021, 2001

27) Bassiouni H, Asgari S, Sandalcioglu IE, Seifert V, 
Stolke D, Marquardt G: Anterior clinoidal menin-
giomas: functional outcome after microsurgical 
resection in a consecutive series of 106 patients. 
Clinical article. J Neurosurg 111: 1078–1090, 2009

28) Yoshimoto K, Nakamizo A, Sasaki T: Surgical tech-
niques for the dissection of encased perforators in 
giant clinoidal meningiomas. Acta Neurochir (Wien) 
155: 1409–1412, 2013

29) Romani R, Laakso A, Kangasniemi M, Lehecka M, 
Hernesniemi J: Lateral supraorbital approach applied 
to anterior clinoidal meningiomas: experience with 
73 consecutive patients. Neurosurgery 68: 1632–1647; 
discussion 1647, 2011

30) Mariniello G, de Divitiis O, Seneca V, Maiuri F: 
Classical pterional compared to the extended skull 
base approach for the removal of clinoidal menin-
giomas. J Clin Neurosci 19: 1646–1650, 2012

31) Mariniello G, de Divitiis O, Bonavolontà G, Maiuri 
F: Surgical unroofing of the optic canal and visual 
outcome in basal meningiomas. Acta Neurochir 
(Wien) 155: 77–84, 2013



Surgical Resectability of Skull Base Meningiomas 377

Neurol Med Chir (Tokyo) 56, July, 2016

32) Nakamura M, Roser F, Jacobs C, Vorkapic P, Samii 
M: Medial sphenoid wing meningiomas: clinical 
outcome and recurrence rate. Neurosurgery 58: 
626–639, discussion 626–639, 2006

33) Al-Mefty O, Smith RR: Surgery of tumors invading 
the cavernous sinus. Surg Neurol 30: 370–381, 1988

34) Sekhar LN, Møller AR: Operative management of 
tumors involving the cavernous sinus. J Neurosurg 
64: 879–889, 1986

35) Sepehrnia A, Samii M, Tatagiba M: Management 
of intracavernous tumours: an 11-year experience. 
Acta Neurochir Suppl (Wien) 53: 122–126, 1991

36) Duma CM, Lunsford LD, Kondziolka D, Harsh GR, 
Flickinger JC: Stereotactic radiosurgery of cavernous 
sinus meningiomas as an addition or alternative to 
microsurgery. Neurosurgery 32: 699–704; discussion 
704–705, 1993

37) O’Sullivan MG, van Loveren HR, Tew JM Jr: The 
surgical resectability of meningiomas of the cavernous 
sinus. Neurosurgery 40: 238–244; discussion 245–247, 
1997

38) Pichierri A, Santoro A, Raco A, Paolini S, Cantore G, 
Delfini R: Cavernous sinus meningiomas: retrospec-
tive analysis and proposal of a treatment algorithm. 
Neurosurgery 64: 1090–1099; discussion 1099–1101, 
2009

39) Schaller B, Merlo A, Gratzl O, Probst R: Premeatal 
and retromeatal cerebellopontine angle meningioma. 
Two distinct clinical entities. Acta Neurochir (Wien) 
141: 465–471, 1999

40) Roberti F, Sekhar LN, Kalavakonda C, Wright DC: 
Posterior fossa meningiomas: surgical experience in 
161 cases. Surg Neurol 56: 8–20, discussion 20–21, 
2001

41) Selesnick SH, Nguyen TD, Gutin PH, Lavyne MH: 
Posterior petrous face meningiomas. Otolaryngol 
Head Neck Surg 124: 408–413, 2001

42) Bassiouni H, Hunold A, Asgari S, Stolke D: Menin-
giomas of the posterior petrous bone: functional 
outcome after microsurgery. J Neurosurg 100: 
1014–1024, 2004

43) Batra PS, Dutra JC, Wiet RJ: Auditory and facial 
nerve function following surgery for cerebellopontine 
angle meningiomas. Arch Otolaryngol Head Neck 
Surg 128: 369–374, 2002

44) Nakamura M, Roser F, Dormiani M, Matthies C, 
Vorkapic P, Samii M: Facial and cochlear nerve 
function after surgery of cerebellopontine angle 
meningiomas. Neurosurgery 57: 77–90, discussion 
77–90, 2005

45) Wu ZB, Yu CJ, Guan SS: Posterior petrous menin-
giomas: 82 cases. J Neurosurg 102: 284–289, 2005

46) Devèze A, Franco-Vidal V, Liguoro D, Guérin J, 
Darrouzet V: Transpetrosal approaches for menin-
giomas of the posterior aspect of the petrous bone: 
Results in 43 consecutive patients. Clin Neurol 
Neurosurg 109: 578–588, 2007

47) Sanna M, Bacciu A, Pasanisi E, Taibah A, Piazza P: 
Posterior petrous face meningiomas: an algorithm 

for surgical management. Otol Neurotol 28: 942–950, 
2007

48) Peyre M, Bozorg-Grayeli A, Rey A, Sterkers O, 
Kalamarides M: Posterior petrous bone meningiomas: 
surgical experience in 53 patients and literature 
review. Neurosurg Rev 35: 53–66; discussion 66, 
2012

49) Hakuba A, Nishimura S: Total removal of clivus 
meningiomas and the operative results. Neurol Med 
Chir (Tokyo) 21: 59–73, 1981

50) Hakuba A, Nishimura S, Jang BJ: A combined retro-
auricular and preauricular transpetrosal-transtentorial 
approach to clivus meningiomas. Surg Neurol 30: 
108–116, 1988

51) Samii M, Ammirati M, Mahran A, Bini W, Sepehrnia 
A: Surgery of petroclival meningiomas: report of 24 
cases. Neurosurgery 24: 12–17, 1989

52) Al-Mefty O, Fox JL, Smith RR: Petrosal approach for 
petroclival meningiomas. Neurosurgery 22: 510–517, 
1988

53) Sekhar LN, Schramm VL Jr, Jones NF, Yonas H, 
Horton J, Latchaw RE, Curtin H: Operative exposure 
and management of the petrous and upper cervical 
internal carotid artery. Neurosurgery 19: 967–982, 
1986

54) Kawase T, Shiobara R, Toya S: Anterior transpetrosal- 
transtentorial approach for sphenopetroclival 
meningiomas: surgical method and results in 10 
patients. Neurosurgery 28: 869–875; discussion 
875–876, 1991

55) Mayberg MR, Symon L: Meningiomas of the clivus 
and apical petrous bone. Report of 35 cases.  
J Neurosurg 65: 160–167, 1986

56) Samii M, Gerganov V, Giordano M, Samii A: Two 
step approach for surgical removal of petroclival 
meningiomas with large supratentorial extension. 
Neurosurg Rev 34: 173–179, 2010

57) Watanabe T, Katayama Y, Fukushima T, Kawamata 
T: Lateral supracerebellar transtentorial approach 
for petroclival meningiomas: operative technique 
and outcome. J Neurosurg 115: 49–54, 2011

58) Seifert V: Clinical management of petroclival menin-
giomas and the eternal quest for preservation of 
quality of life: personal experiences over a period 
of 20 years. Acta Neurochir (Wien) 152: 1099–1116, 
2010

59) Raza SM, Quinones-Hinojosa A: The extended 
retrosigmoid approach for neoplastic lesions in the 
posterior fossa: technique modification. Neurosurg 
Rev 34: 123–129, 2011

60) Kusumi M, Fukushima T, Mehta AI, Aliabadi H, 
Nonaka Y, Friedman AH, Fujii K: Tentorial detach-
ment technique in the combined petrosal approach 
for petroclival meningiomas. J Neurosurg 116: 
566–573, 2012

61) Gupta SK, Salunke P: Intradural anterior petrosec-
tomy for petroclival meningiomas: a new surgical 
technique and results in 5 patients: technical note. 
J Neurosurg 117: 1007–1012, 2012



T. Goto et al.378

Neurol Med Chir (Tokyo) 56, July, 2016

62) Almefty R, Dunn IF, Pravdenkova S, Abolfotoh M, 
Al-Mefty O: True petroclival meningiomas: results of 
surgical management. J Neurosurg 120: 40–51, 2014

63) Morisako H, Goto T, Ohata K: Petroclival meningiomas 
resected via a combined transpetrosal approach: surgical 
outcomes in 60 cases and a new scoring system for 
clinical evaluation. J Neurosurg 122: 373–380, 2015

64) Goto T, Ishibashi K, Morisako H, Nagata T, Kunihiro 
N, Ikeda H, Ohata K: Simple and safe exposure 
of the sigmoid sinus with presigmoid approaches. 
Neurosurg Rev 36: 477–482, 2013

65) Haq IB, Susilo RI, Goto T, Ohata K: Dural incision 
in the petrosal approach with preservation of the 
superior petrosal vein. J Neurosurg 4: 1–5, 2015 
[Epub ahead of print] 

66) Bakar B: Jugular foramen meningiomas: review of 
the major surgical series. Neurol Med Chir (Tokyo) 
50: 89–96; disucussion 96–97, 2010

67) Sanna M, Bacciu A, Falcioni M, Taibah A, Piazza 
P: Surgical management of jugular foramen menin-
giomas: a series of 13 cases and review of the 
literature. Laryngoscope 117: 1710–1719, 2007

68) Ramina R, Neto MC, Fernandes YB, Aguiar PH, de 
Meneses MS, Torres LF: Meningiomas of the jugular 
foramen. Neurosurg Rev 29: 55–60, 2006

69) Yamahata H, Yamaguchi S, Takayasu M, Takasaki 
K, Osuka K, Aoyama M, Yasuda M, Tokimura H, 
Kurisu K, Arita K: Exploitation of simple clas-
sification and space created by the tumor for the 
treatment of foramen magnum meningiomas. World 
Neurosurg 87: 1–7, 2016

70) Flores BC, Boudreaux BP, Klinger DR, Mickey BE, 
Barnett SL: The far-lateral approach for foramen 
magnum meningiomas. Neurosurg Focus 35: E12, 
2013

71) Talacchi A, Biroli A, Soda C, Masotto B, Bricolo A: 
Surgical management of ventral and ventrolateral 
foramen magnum meningiomas: report on a 64-case 
series and review of the literature. Neurosurg Rev 
35: 359–367; discussion 367–368, 2012

72) Kano T, Kawase T, Horiguchi T, Yoshida K: Menin-
giomas of the ventral foramen magnum and lower 
clivus: factors influencing surgical morbidity, the 
extent of tumour resection, and tumour recurrence. 
Acta Neurochir (Wien) 152: 79–86; discussion 86, 
2010

73) Borba LA, de Oliveira JG, Giudicissi-Filho M, Colli 
BO: Surgical management of foramen magnum 
meningiomas. Neurosurg Rev 32: 49–58; discussion 
59–60, 2009

74) Bruneau M, George B: Foramen magnum meningi-
omas: detailed surgical approaches and technical 
aspects at Lariboisière Hospital and review of the 
literature. Neurosurg Rev 31: 19–32; discussion 
32–33, 2008

75) Bassiouni H, Ntoukas V, Asgari S, Sandalcioglu EI, 
Stolke D, Seifert V: Foramen magnum meningiomas: 
clinical outcome after microsurgical resection via a 
posterolateral suboccipital retrocondylar approach. 
Neurosurgery 59: 1177–1185; discussion 1185–1187, 
2006

76) Starke RM, Williams BJ, Hiles C, Nguyen JH, 
Elsharkawy MY, Sheehan JP: Gamma knife surgery for 
skull base meningiomas. J Neurosurg 116: 588–597, 
2012

77) Hasegawa T, Kida Y, Yoshimoto M, Koike J, Iizuka 
H, Ishii D: Long-term outcomes of Gamma Knife 
surgery for cavernous sinus meningioma. J Neuro-
surg 107: 745–751, 2007

78) Iwai Y, Yamanaka K, Ikeda H: Gamma Knife radio-
surgery for skull base meningioma: long-term results 
of low-dose treatment. J Neurosurg 109: 804–810, 
2008

79) Kondziolka D, Mathieu D, Lunsford LD, Martin JJ, 
Madhok R, Niranjan A, Flickinger JC: Radiosurgery 
as definitive management of intracranial meningi-
omas. Neurosurgery 62: 53–58; discussion 58–60, 
2008

80) Jung HW, Yoo H, Paek SH, Choi KS: Long-term 
outcome and growth rate of subtotally resected 
petroclival meningiomas: experience with 38 cases. 
Neurosurgery 46: 567–574; discussion 574–575, 2000

81) Zachenhofer I, Wolfsberger S, Aichholzer M, Berta-
lanffy A, Roessler K, Kitz K, Knosp E: Gamma-knife 
radiosurgery for cranial base meningiomas: experience 
of tumor control, clinical course, and morbidity in 
a follow-up of more than 8 years. Neurosurgery 58: 
28–36; discussion 28–36, 2006

82) Ichinose T, Goto T, Ishibashi K, Takami T, Ohata 
K: The role of radical microsurgical resection in 
multimodal treatment for skull base meningioma. 
J Neurosurg 113: 1072–1078, 2010

Address reprint requests to: Takeo Goto, MD, Department 
of Neurosurgery, Osaka City University Graduate 
School of Medicine, 1-4-3 Asahi-machi, Abeno-ku, 
Osaka 545-8585, Japan. 

  e-mail: gotot@med.osaka-cu.ac.jp


