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-BACKGROUND: Meningiomas or solitary fibrous tumors
arising from the cavernous sinus (CS) are usually treatedwith
radiosurgery to control growth. Surgical removal of cavernous
tumors is indicated only for tumors extending outside the CS.
However, even after adequate treatment, the tumor may
exhibit recurrence or malignant transformation. We report a
treatment option for recurrent meningeal tumors of the CS.

-METHODS: In 4 patients with CS tumors that exhibited
regrowth after multiple operations and radiosurgery, radical
removal in combination with high-flow bypass was per-
formed, and a vascularized muscle flap was used for recon-
struction. One patient had a radiation-induced atypical
meningioma, 2 patients had transformed atypical meningi-
omas, and 1 patient had a frequently recurring solitary fibrous
tumor.

-RESULTS: No local recurrence was observed in any
patients during a follow-up period of 13e41 months. In all
patients, a Karnofsky performance scale score of >80 on
admission was maintained at >70 at the final follow-up
evaluation.

-CONCLUSIONS: Radical removal in combination with
high-flow bypass provides favorable results and maintains
quality of life in patients with recurrent CSmeningeal tumors.

INTRODUCTION

Skull base meningiomas are challenging to resect
completely and are associated with a higher recurrence
rate than meningiomas that do not involve the skull

base (6). Although the use of skull base approaches has
facilitated maximal tumor resection with minimum
morbidity, the overall rate of gross total resection of cranial
base meningiomas is 53.0%, with morbidity and mortality
rates of 17.9% and 0.9%, respectively (3). Meningiomas or
solitary fibrous tumors (SFT) originating from the cavernous
sinus (CS) are usually treated with radiosurgery to control
growth while preserving cranial nerve function of the
parasellar area. Because tumor remnants hidden along the
cranial nerves and infiltrating the adventitia of the internal
carotid artery (ICA) can result in high morbidity, surgical
intervention is contraindicated for asymptomatic and
radiologically stable tumors (2, 7, 9, 11). Direct surgery is
currently reserved for tumors outside of the CS. Radiosurgery
for the treatment of CS tumors yields adequate outcomes,
improving cranial nerve function in 50%e67% of cases with an
84%e100% 5-year progression-free survival rate (10, 15).
However, the growth of World Health Organization (WHO)
grade II or III meningiomas is difficult to control, leading to
high risk of tumor recurrence.
Treatment options for CS meningiomas that are malignant

or recur after radiosurgery are controversial (3). Surgical
resection of the tumors, with carotid artery bypass if
necessary, is 1 possible treatment for postirradiation or
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Abbreviations and Acronyms
CS: Cavernous sinus
ICA: Internal carotid artery
KPS: Karnofsky performance scale
RA: Radial artery
RAM: Rectus abdominis muscle
SFT: Solitary fibrous tumor
WHO: World Health Organization

From the Departments of 1Neurosurgery and 2Plastic and Reconstructive Surgery, Sapporo
Medical University School of Medicine, Sapporo, Hokkaido, Japan

To whom correspondence should be addressed: Masahiko Wanibuchi, M.D., Ph.D.
[E-mail: wanibuti@sapmed.ac.jp]

Supplementary digital content available online.

Citation: World Neurosurg. (2015) 83, 4:424-430.
http://dx.doi.org/10.1016/j.wneu.2015.01.019

Journal homepage: www.WORLDNEUROSURGERY.org

Available online: www.sciencedirect.com

1878-8750/$ - see front matter ª 2015 Elsevier Inc. All rights reserved.

424 www.SCIENCEDIRECT.com WORLD NEUROSURGERY, http://dx.doi.org/10.1016/j.wneu.2015.01.019

Forum

http://crossmark.crossref.org/dialog/?doi=10.1016/j.wneu.2015.01.019&domain=pdf
mailto:wanibuti@sapmed.ac.jp
http://dx.doi.org/10.1016/j.wneu.2015.01.019
http://www.WORLDNEUROSURGERY.org
www.sciencedirect.com/science/journal/18788750
www.sciencedirect.com/science/journal/18788750
http://dx.doi.org/10.1016/j.wneu.2015.01.019


recurrent tumors (3). This study explored the role of radical
removal with high-flow bypass and transplant of a free vas-
cularized rectus abdominis muscle (RAM) flap for the treat-
ment of recurrent and malignant CS meningeal tumors with
aggressive features.

MATERIALS AND METHODS

Patient Population and Summary
The study population consisted of 184 patients with intracranial
meningeal tumors who had undergone 316 surgeries within the

Table 1. Demographic Data

Case
Number

Age (years)/
Sex Previous Treatment Initial Surgery

Pathology

MIB-1 Index De Novo or TransformedPrevious Final

1 36/M Craniotomy �6 4 years ago Atypical meningioma Atypical meningioma 25% De novo (RT induced)*

2 63/F Craniotomy �2
IMRT �1

4 years ago Meningothelial meningioma Atypical meningioma 30% Transformed

3 44/M Craniotomy �10
GKS �1

19 years ago SFT SFT 14%

4 60/F Craniotomy �2
IMRT �1

2 years ago Meningothelial meningioma Atypical meningioma 5% Transformed

M, male; F, female; IMRT, intensity-modulated radiation therapy; GKS, Gamma Knife surgery; SFT, solitary fibrous tumor; RT, radiation therapy.
*Whole-body irradiation was performed 22 years ago because of leukemia.

Figure 1. Schematic representation of sectioning lines on the right cavernous sinus. AchA, anterior choroidal artery; C2, C3, C4,
C5, C6, C7, C2, C3, C4, C5, C6, and C7 portions of internal carotid artery; FR, foramen rotundum; FO, foramen ovale; FS, foramen
spinosum; GG, gasserian ganglion; GSPN, greater superficial petrosal nerve; II, optic nerve; III, oculomotor nerve; IV, trochlear
nerve; MMA, middle meningeal artery; OA, ophthalmic artery; OC, optic canal; PCA, posterior cerebral artery; PCL, posterior
clinoid ligament; PcomA, posterior communicating artery; PCP, posterior clinoid process; PSL, petrosphenoidal ligament; SOF,
superior orbital fissure; TN, trigeminal nerve; V1, first division of trigeminal nerve (ophthalmic nerve); V2, second division of
trigeminal nerve (maxillary nerve); V3, third division of trigeminal nerve (mandibular nerve); VI, abducens nerve.
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