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Abstract
The utility of endoscopic biopsy using high-dose fluorescein 
sodium in biopsy of malignant brain tumors was investigated. The 
subjects were 9 patients with malignant brain tumors (malignant 
lymphoma 5, glioblastoma 3, metastatic brain tumor 1). After 
making an incision in the dura mater, 20 mg/kg fluorescein sodium 
were administered intravenously. A transparent sheath was then 
inserted under neuronavigation guidance. To observe the tumor, 
an endoscopic biopsy was performed using normal white light 
endoscopy with a rigid endoscope, without the use of an excitation 
filter or other special devices. Yellow staining of the tumor was 
confirmed with white light endoscopy in all cases, and the biopsies 
could be performed with reliable identification of the target and 
no complications. Endoscopic biopsy using high-dose fluorescein 
sodium for malignant brain tumors is a simple and highly useful 
surgical technique that improves the safety and reliability of 
biopsies.
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tumor is stained using fluorescein sodium, and the target can be easily 
identified, improving the reliability of the biopsy.

Methods
Patients’ characteristics

Nine patients with malignant brain tumor who underwent 
endoscopic biopsy between February 2013 and September 2015 
were analyzed. The tumor was malignant lymphoma in 5 patients, 
glioblastoma in 3 patients, and metastatic brain tumor in 1 patient. 
Six patients were male and three were female. Their mean age was 
67.6 years (range 40-79 years). In all cases, the focus was confirmed 
with contrast enhancement on contrast-enhanced MRI, and the 
tumor was located in a deep portion of the brain, a mean of 30 mm 
(range 23-38 mm) from the brain surface. Patients’ details are shown 
in table 1.

Operative technique

All surgery was performed under general anesthesia. A single 
burr hole was made directly on the route that could reach the target 
in a non-eloquent area in the shortest distance, and then enlarged 
to a diameter of 2 cm. After making an incision in the dura mater 
and achieving sufficient hemostasis, 20 mg/kg fluorescein sodium 
(Alcon Japan, Tokyo, Japan) were administered intravenously. Then, 
following a wait of 10-15 minutes, corticotomy was performed in the 
brain surface, and a transparent sheath was inserted under navigation 
(Brainlab, Feldkirchen, Germany) guidance. The endoscope used 
was a 0°, 2.7-mm rigid endoscope (EndoArm®, Olympus, Tokyo, 
Japan). For tumor observation, biopsy was done with regular white 
light endoscopy without the use of an excitation filter or other special 
instruments.

Results
Yellow staining of the tumor could be confirmed in all cases, and 

biopsy could be performed with reliable identification of the target. 
No difference in the degree of yellow staining was seen between 
the different types of tumor. There were no complications in any 
case, the biopsies could be performed accurately and safely, and a 
definitive pathological diagnosis was obtained. With administration 
of fluorescein sodium there was yellow coloring of the skin, mucous 

Introduction
For some time, the main techniques for biopsy of brain tumors 

have been open biopsy or stereotactic needle biopsy. With the recent 
development of endoscopic surgical instruments, many reports on the 
usefulness of endoscopic biopsy have appeared, and it is reasonable to 
say that operative procedures for endoscopic biopsy of intraventricular 
brain tumors have already been established. The usefulness of 
endoscopic biopsy for intraparenchymal brain tumors has also been 
reported [1-3]. With endoscopic biopsy for intraventricular brain 
tumors, it is easy to identify the target intraoperatively because 
the anatomy within the ventricle can be observed and the tumor 
confirmed. For intraparenchymal brain tumors, however, a trans 
cylinder transcortical approach with an inserted sheath is used in 
the majority of cases, and so there are few anatomical landmarks 
until the tumor is reached. The target has to be identified within this 
limited, narrow visual field. Therefore, identification of the target is 
often done with the use of neuronavigation or stereotactic methods 
[2,3]. We therefore developed a method of endoscopic biopsy for 
malignant intraparenchymal brain tumors. With this method, the 
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Figure 1: Illustrative case 2
A) Axial T1-weighted gadolinium-enhanced MRI showing a primary central nervous system lymphoma in the corpus callosum. The white arrow shows the path of 
endoscope insertion; B) The yellow-stained tumor can be seen under white light endoscopy.

Table 1: Patients’ clinical characteristics.

Case Age Sex Diagnosis Target lesion Depth Fluorescence
No. (y) (mm)
1 66 M Primary CNS lymphoma Lt. frontal 33 Present
2 54 F Primary CNS lymphoma Corpus callosum 32 Present
3 79 M Primary CNS lymphoma Lt. frontal 26 Present
4 73 F Primary CNS lymphoma Rt. occipital 31 Present
5 79 M Primary CNS lymphoma Rt. temporal 28 Present
6 72 M Glioblastoma Rt. frontal 38 Present
7 40 M Glioblastoma Rt. inferior horn of the LV 27 Present
8 72 M Glioblastoma Rt. atrium of the LV 23 Present
9 73 F Metastatic brain tumor Rt. atrium of the LV 32 Present

CNS: central nervous system; LV: lateral ventricle

         

Figure 2: Illustrative case 6
A) Axial T1-weighted gadolinium-enhanced MRI showing a glioblastoma in the right frontal lobe. The white arrow shows the path of endoscope insertion; B) The 
yellow-stained tumor can be seen under white light endoscopy.
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membranes, urine, and elsewhere, but it disappeared within 24 hours. 
There were no lasting side effects. Illustrative cases are presented in 
the following.

Illustrative cases

Case 2 (Figure 1): The patient was a 54-year-old woman 
diagnosed with primary central nervous system lymphoma. The 
tumor was present on both sides of the corpus callosum, and the 
approach was made via the left frontal lobe. The tumor was 32 mm 
from the brain surface and was confirmed to be colored yellow. 
Biopsy was performed, and a pathological diagnosis of diffuse large 
B-cell lymphoma was made.

Case 6 (Figure 2): The patient was a 72-year-old man with 
glioblastoma. The approach was made via the right temporal lobe. The 
tumor was 38 mm from the brain surface and was confirmed to be 
colored yellow. Biopsy was performed, and a definitive pathological 
diagnosis of glioblastoma was made.

Case 7 (Figure 3): The patient was a 40-year-old man with 
glioblastoma. The tumor was located on the medial side of the inferior 
horn of the right lateral ventricle, and the approach was made via the 
right temporal lobe. The tumor was 27 mm from the brain surface in 
the inferior horn of the lateral ventricle, and the choroid plexus was 
confirmed. This was separated to reveal the yellow-colored tumor. 
Biopsy was performed, and a definitive pathological diagnosis of 
glioblastoma was made.

Case 8 (Figure 4): The patient was a 72-year-old man with 
glioblastoma. The tumor was located near the pars triangularis of 
the right lateral ventricle. There was also intrathecal dissemination. 
The tumor was approached via the right posterior temporal lobe. The 
ventricular wall of the pars triangularis of the lateral ventricle was 23 
mm from the brain surface. As a result of biopsy of the ventricular 
wall at this site, a definitive pathological diagnosis of glioblastoma was 
made. After the biopsy, the ventricle was penetrated, and the yellow-
colored choroid plexus was confirmed. With further observation of 
the inferior horn from the pars triangularis of the lateral ventricle, the 
yellow-colored ventricular wall was confirmed.

Discussion
Fluorescein sodium leaks through breaks in the blood-brain 

barrier and stains tissue yellow. The simple staining principle results 
in a sensitivity of 100% but specificity of 0% [4]. Since the staining 
corresponds to the area of contrast enhancement on images, this 
fluorescent stain is highly useful for patients with malignant brain 
tumors, high-grade glioma, malignant lymphoma, and metastatic 
brain tumors, of which major portions are contrast-enhanced.

As a fluorescent stain in brain tumor surgery, fluorescein sodium 
was initially used mostly in glioma surgery and reported to be effective 
[5]. With this method, the coloring from the fluorescein sodium 
needed to be observed with the use of an excitation filter, but Shinoda 
et al. reported that, by doubling the dose, the yellow coloration 
could be observed with regular white light microscopy without an 

         

Figure 3: Illustrative case 7
A) Axial T1-weighted gadolinium-enhanced MRI showing a glioblastoma in the right inferior horn of the lateral ventricle. The white arrow shows the path of 
endoscope insertion; B) With penetration to the inferior horn of the lateral ventricle, the choroid plexus can be seen; C) The yellow-stained tumor can be seen behind 
the choroid plexus.

         

Figure 4: Illustrative case 8
A) Axial T1-weighted gadolinium-enhanced MRI showing a glioblastoma in the right atrium of the lateral ventricle. The white arrow shows the path of endoscope 
insertion; B) With penetration to the posterior horn of the lateral ventricle, the yellow-stained choroid plexus can be seen on observation of the pars triangularis 
of the lateral ventricle; C) The yellow-stained ventricular wall can be seen when the endoscope moves in the direction of the inferior horn of the lateral ventricle.
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excitation filter [6]. This method is simple because it does not require 
any special instruments, and today it is also used in metastatic brain 
tumor surgery, where good results have been reported [7,8]. In this 
study, this doubled dose was applied to endoscopic biopsy, and it was 
demonstrated that the yellow stain of the tumor could even be seen 
with regular white light endoscopy.

Another fluorescent stain that has been proposed for fluorescence-
guided surgery is 5-aminolevulinic acid (ALA). The utility of this 
fluorescent stain has already been established in glioma surgery [9]. 
In recent years, imaging systems for 5-ALA have been established for 
endoscopic biopsy as well, and it is reported to be useful in cases of 
high-grade glioma [10,11]. 5-ALA has high sensitivity and specificity 
in glioma surgery, but its color development rate in other malignant 
tumors is uneven, and both its sensitivity and specificity are said to 
be low [12].

As for the surgical method of biopsy for the brain tumor, 
stereotactic biopsy is a standard method. Tumor biopsy is possible 
in local anesthesia and burr hole surgery in stereotactic biopsy. 
Therefore, stereotactic biopsy is less invasive surgery more than 
our surgical technique. In addition, the indication of our surgical 
technique for the non-contrasting lesion and deep sited lesion like 
the basal ganglia is difficult. However, our surgical technique has 
the effectiveness for the visual confirmation and the hemostasis of 
the lesion and can expect it for a future expandability. Furthermore, 
we accumulate cases and examine the effectiveness of our surgical 
technique.

A drawback to fluorescein sodium is that, during tissue collection, 
the fluorescein sodium leaks from the stump of the collected tissue, 
decreasing the staining properties. This drawback occurs in aggressive 
resections, but it is not thought to be a problem in biopsies. Yellow 
coloration of the skin, mucous membranes, and urine is seen as a 
side effect in all cases. However, since this is a temporary side effect 
that disappears within 24 hours, it is not particularly problematic. 
Anaphylactic shock is reported, but it is rare [13], and fluorescein 
sodium is very safe even when compared with other agents.
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