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Objectives: Skull base meningiomas are a neurosurgical challenge due to the involvement of neurovascular
structures. In this study, the authors present the first study of the trans-operative use of sodium fluores-
cein (SF) to enhance skull base meningiomas and perform a quantitative digital analysis of the tumors’
pigmentation. The goal of the study was to observe the SF enhancement of skull base meningiomas.
Patients and methods: A prospective, within-subjects study was designed and performed. This study
included twelve patients with skull base meningiomas. After an initial dissection, digital pictures were
taken before and after systematic injections of SF using the same light-source used for the surgical
microscope. These pictures were analyzed with software that calculated the wavelengths of the sodium
fluorescein before and after the injection of the dye.

Results: The meningiomas in the sample included the following types: 1 cavernous sinus, 1 olfactory
groove, 3 petroclival, 1 tuberculum sellae, 3 sphenoid wings, 1 anterior clinoid, and 2 temporal floor. The
SF enhancement in all tumors was strongly positive.

Conclusions: The low cost, universal availability and safety of SF indicate that this dye should be examined
in further studies, and its applications in skull-base meningioma surgeries should be further assessed.
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1. Introduction

Skull base meningiomas are neurosurgical challenges due to the
neurovascular structures involved in the treatment of these lesions.
Numerous surgical advances and skull base techniques have been
developed for the management of such complex tumors as these
meningiomas.

Sodium fluorescein (SF) was first used for the identification of
different types of brain tumors in 1948 [1]. Subsequently, the use of
SF and others fluorescent markers, particularly those that address
the surgical treatment of glioblastoma multiforme and metastatic
disease in the brain, have been described in the literature [2-4].
In 2010, we described the use of SF as an adjuvant for the surgical
resection in a small sample of these skull base lesions [5].

Here, the authors present the first study of the transoperative
use of SF for skull base meningiomas and performed a quantitative
digital analysis of the enhancement of the tumors due to SF. This
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study examined the enhancement patterns caused by the applica-
tion of the fluorescent marker SF in skull base meningioma surgery.

2. Materials and methods

A prospective study was designed and carried out. This study
included twelve patients with skull base meningiomas who under-
went operations between December 2008 and December 2011.
The criteria for inclusion in the trial included the following:
presentation with tumors meeting the radiological criteria for
meningiomas; tumors located in the anterior, medial or posterior
cranial base; and the involvement of at least one cranial nerve with
the lesions. The patients were informed about the trans-operative
use of sodium fluorescein to view the tumors during the surgi-
cal procedure. After being informed, the patients provided written
consent prior to the procedure.

The initial dissections were performed and, after the exposure
of the tumors and determination of their relations to the cranial
nerves and vascular structures, an initial digital photo was manu-
ally taken through the optical lens of the microscope. The digital
camera used was a SONY model DSC-W90 with 8.1 megapixels;
macro activation was on, and the internal flash was off. The
light-source for the pictures was the same as that used for the
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microscope, and the captured images were visualized by the sur-
geon without the use of any special filters.

A dose of 1g of 20% SF was injected into a peripheral vein. The
second picture was obtained 10 min after SF injection using the
same technique described above.

The pictures were saved in JPEG format with minimal com-
pression and divided into pre- and post-SF injection image groups.
The images were analyzed with the Image-Pro Plus 4.5.1 program
(Media Cybernetics, Silver Spring, MD, USA). First, the SF post-
injection image was submitted to the program for analysis. The
area of interest was defined using a rectangular frame around the
tumor and neurovascular structures. The manual selection of col-
ors was performed using level 4 sensitivity (range: 1-5). The color
red was defined to highlight the wavelength (WL) of the sodium
fluorescein in the picture. Next, the area of SF enhancement was
saved, and the program calculated the total area of the picture
that exhibited the SF wavelength. The absolute value obtained
by this statistical analysis of the program was then saved in an
Excel (Microsoft Redmond, WA, USA) spreadsheet. Subsequently,
the SF pre-injection image from the same case was analyzed. The
same rectangular frames were applied around the tumor and neu-
rovascular structures without SF. The specific SF wavelength of
the post-injection picture recorded by the program was applied to
the same selected area of the pre-injection picture and then the
program calculated the area that exhibited the SF wave length.
The data were saved in the Excel database for statistical analy-
ses.

The non-parametric Wilcoxon test was used for the statistical
analyses, which compared the SF wavelength values obtained from
the pre- and post-injection pictures.

Table 1
The values measured by the IMAGE PRO PLUS program of the area with the corre-
spondent wave length of the SF.

Meningiomas by site Pre-SF inj. wave length Post-SF inj. wave length

Cavernous sinus 1009 109,576
Olfactory groove 232 1776
Petroclival 29,343 287,548
Petroclival 2 40,287 64,670
Petroclival 3 0.37 21.60
Tuberculum sellae 66,882 366,531
Sphenoid wing 1 33,989 687,244
Sphenoid wing 2 91,692 141,215
Sphenoid wing 3 6496 22,373
Clinoidal 5243 114,175
Temporal fossa 1 25 1555
Temporal fossa 2 31,988 45,041

P=0.002.

3. Results

The group of twelve meningiomas was composed of the fol-
lowing types of tumors: 1 cavernous sinus, 1 olfactory groove, 3
petroclival, 1 tuberculum sellae, 3 sphenoid wing, 1 anterior clinoid,
and 2 temporal floor.

Table 1 presents the areas with SF wavelengths as measured by
the Image-Pro Plus program.

Figs. 1 and 2 illustrate four examples of the clinical effects
observed under the surgical microscope.

Fig. 3 shows the effects of the SF injections on the capture of SF
WL via both pre- and post-injection measures. The non-parametric
Wilcoxon test resulted in P=0.002.

Fig. 1. A - Tuberculum sellae tumor, pre-SF injection. B - Tuberculum sellae tumor, post-SF injection. C - Olfactory groove tumor, pre-SF injection. D - Olfactory groove

tumor, post-SF injection. TU - tumor. ON - optic nerve. OLF - olfactory nerve.
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