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Purpose: To compare surgical outcomes and adverse events 

between patients received microsurgical resection of high- 

grade gliomas with or without fluorescein sodium-guidance. 

Patients: A retrospective study was conducted in our hospital 

between June 2016 and January 2017. Patients were divided 

into 2 groups: Fluorescein Group (42 patients) and Nonfluo- 

rescein Group (40 patients). 

Measurements: Intraoperative (hemorrhage value and 

operation time) and postoperative (consistency between 

fluorescence-stained tissue and histopathological results, rate 

of resection) measurements were documented. Postoperative 

adverse events were recorded. Patients were followed up for 

6 months to evaluate postsurgery glioma recurrence. 

Main Results: Intraoperatively, hemorrhage value, and oper- 

ation time were significantly less in Fluorescencein than in 

Nonfluorescencein group. The rate of glioma complete resec- 

tion was significantly higher in Fluorescencein than in Non- 

fluorescencein group (85.7%vs 62.5%, P = 0.02). The rate of 

glioma recurrence was significantly lower in Fluorescencein 

than in Nonfluorescencein group (11.9%vs 25.0%, P = 0.01), 
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and no significant differences on adverse events were ob- 

served. 

Conclusions: Intraoperative fluorescein sodium-guidance 

could facilitate the complete resection and significantly de- 

crease the postoperative recurrence in patients with high- 

grade gliomas. 

© 2018 Elsevier Inc. All rights reserved. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

High-grade gliomas refer to the WHO of III-IV grade malignant glioma originated from the

neural epithelial tissue. They are characterized by abundant blood supply, rapid growth, low

rate of complete resection, and high rate of postoperative recurrence. The median survival is

about 1 year. 1 The high-grade glioma treatment effect is not ideal, because of its biological

characteristics—no obvious boundary and infiltrating growth. It is difficult to determine the clear

tumor boundary. The reported complete resection rate of grade glioma is only about 30%. 2 .

Preoperative imaging examination, including magnetic resonance images (MRI), ultrasound and

computed tomography, could only identify the tumor location, size, and unclear margins. 3-6 Fur-

thermore, as brain tissue function, it is not allowed that neurosurgeons resect more brain tissue

around glioma. As the consequences, higher rate of glioma recurrence has been a problem after

neurosurgery. 

In 1948, Moore et al. first reported that fluorescein sodium could be used intraoperatively to

provide a real-time distinguishes of the tumor tissue from the surrounding normal structures. 7 

Fluorescein sodium was not involved in the metabolism of the tumor cells. It enters the tumor

tissue through the damaged blood-brain barrier and accumulates in the tumor mass. 8 The higher

the grade of gliomas, the severer the damage to the blood-brain barrier, which results in more

accumulation of fluorescein sodium and in the stronger fluorescence signals in tumor tissue. 9 

Recently, with the development of the fluorescence microscope, several studies have per-

formed glioma resections with low-dose (3–10 mg/kg) fluorescein sodium. 10 This low-dose flu-

orescein sodium can be visualized by a microscope equipped with a yellow fluorescence emis-

sion filter, especially important for high-grade gliomas with ill-defined boundaries. Studies have

shown that glioma resection guided by low-dose fluorescein sodium could achieve satisfactory

postoperative outcomes. 10 

However, there were a few studies to comprehensively compare the fluorescence-guided with

nonfluorescence-guided microsurgery resection of gliomas. More importantly, the fluorescence- 

guided technique was recently introduced into China, and it is necessary to explore and accu-

mulate the clinical experiences. 

In the current study, we comprehensively analyzed the data of patients with high-grade

glioma, who received microsurgery resection with or without low-dose fluorescein sodium-

guidance in our hospital. We compared the outcomes and adverse events between the 2 tech-

niques. 

Materials and methods 

Study design and participants 

The study was retrospective. The study protocol was approved by Ethics Committee of our

hospital. Medical records were reviewed to select the patients who visited the Neurosurgery

Department of our hospital between January 2016 and January 2017. The inclusion criteria

for the selection were: (1) patients were first time to receive glioma surgery; (2) glioma was
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Fig. 1. Represented images of visualized glioma under the conventional white light microscope with no fluorescence- 

labeling (A) and the same glioma with fluorescent-labeling under the microscope equipped with a YELLOW 560 nm 

filter (B). Tumor margins are clearly identified in (B). 
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onsidered to be suitable for a complete surgical resection; (3) received microsurgical resection

f tumor with or without fluorescein sodium-guidance; 4) postoperative pathological examina-

ion showed grade III or IV glioma. 11 Exclusion criteria were: (1) severe comorbidity, including

eart, liver, or kidney disease; (2) recurrence of gliomas. 

tudy protocol and surgical procedure 

Patients’ age, gender, period from tumor diagnosis to surgery, weight, and height were

ecorded. The location and size of tumor in each patient was preoperatively identified with

ontrast-enhanced brain MRI. 

For patients who received fluorescein sodium injection (as Fluorescein Group, 42 patients),

 test dose of diluted 5mL of fluorescein sodium (1%, Alcon) was administrated intravenously

0 minutes before the general anesthesia. If there was no skin rash or signs for any allergic

eaction, a single injection of 1.5-2.0 mg/kg fluorescein sodium was given intravenously to the

atient. At least 90 minutes were passed before the dura mater was open in order to ensure

hat fluorescein sodium had sufficient time to accumulate in the brain tumor tissue. Patients

ho did not receive fluorescein sodium injection (as Nonfluorescein Group, 40 patients) went to

peration without this step. 

Craniotomy was performed and dura mater was open. A surgical microscope (OPMI, Pentero

00, Carl Zeiss, Germany) was used for the surgical procedure. For patients in the Fluorescein

roup, the fluorescent dye could be visualized under the fluorescence microscope equipped with

 YELLOW 560 nm filter. The tumor mass was identified ( Fig 1 ) and removed with the standard

icroneurosurgical technique by alternating between YELLOW 560 nm fluorescence and white

ight illumination. At the final step of the procedure, particular attention was given to the tumor

argins under the YELLOW 560 nm filter in order to ensure a total or subtotal removal of the

umor tissue. For patients in the Nonfluorescein Group, brain tumor was resection under the

onventional white light microscope and ultrasound navigation. The resected glioma tissue was

onfirmed with the histopathological examination ( Fig 2 ). The gliomas were graded based on

he current WHO classification of tumors of the central nervous system. 11 

All the surgical operations were performed by a team of experienced neurosurgeons at our

ospital. Patients were admitted into the neurointensive care unit postoperatively. Contrast-

nhanced brain MRI was performed again to evaluate the residue tumor tissue ( Fig 3 ). Ra-

iochemotherapy was started as determined by the consultation with hospital oncologists. 
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Fig. 2. A glioma specimen with different intensities of fluorescein staining in the upper left panel, and its corresponding 

pathological characteristics in A, B and C. A shows extensive palisade necrosis in tumor tissue with strong fluorescein 

accumulation. B shows the boundary between tumor cells and normal cells in tumor tissue with weak fluorescein accu- 

mulation. C shows normal neurons from normal neuro-tissue without fluorescein accumulation. (H&E staining with 200 

magnification.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Study outcomes 

The outcomes of the study included intraoperative (volume of hemorrhage, duration of oper-

ation) and postoperative (consistence with pathological report, degree of resection) measure-

ments. Volume of hemorrhage and duration of operation were obtained from the operation

records. Consistence with pathological results was recorded when the glioma tissue was identi-

fied in the resected tumor mass. Complete resection was determined with postoperative brain

MRI examination, that is, no any residue tumor tissue. Otherwise, any residue tumor tissue

shown in postoperative brain MRI indicated a partial resection. Recurrence of the disease was

considered when brain MRI showed new occupying lesions with hemorrhage, necrosis, or cystic

formations. 

We also calculated the sensitivity and specificity of the fluorescence sodium-guided tech-

nique. Sensitivity was calculated as the number of fluorescence staining samples and/or all sam-

ples confirmed to be high-grade glioma by postoperative histopathological examination. Speci-

ficity was calculated as the number of nonfluorescence samples and/or all samples confirmed

not to be neoplastic by postoperative histopathological examination. 

Adverse events after the operation, including electrolyte abnormality, upper gastrointesti-

nal bleeding, delayed intracranial bleeding, intracranial infection, postoperative seizure, and

multiple-organ failure, were documented. These adverse events were classified as mild, moder-

ate, and severe based on. Patients were followed up for 6 months to evaluate tumor recurrence

by repeating contrast-enhanced brain MRI examinations. 
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Fig. 3. Preoperatively -enhanced (A-C) MRI images of glioblastoma were located on the left forehead. Images taken 

48hours after surgery on the same sections (D-F) shows that the tumor was completely resected. Images are shown on 

the sagittal plane (A and D), on the cross-section (B and E) and on coronal section (3C and 3F). All images were from a 

male patient (54 years old) with a gradeIV glioma. 
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tatistical analysis 

Continuous data were presented as mean ± standard deviation if with a normal distribu-

ion, or as median and confidence interval if with a skewed distribution. Categorical data were

resented as number and percentage. Continuous data between 2 groups were compared with

tudent’s t-test or Wilcoxon 2 sample test when appropriate. Categorical data between 2 groups

ere compared with chi square (Fisher exact test) or Wilcoxon rank sum test when appropri-

te. All statistical analyses were performed with SAS (SAS 9.3, SAS Institute). A P < 0.05 was

onsidered statistically significant. 

esults 

A total 82 patients were identified, with 42 in the Fluorescein Group, in which Male/Female

as 25/17, mean age 48 with range 25-73 years old, and with 40 in the Nonfluorescein Group,

n which Male/Female was 28/22, mean age 26 with range 22-76 years old. All patients com-

leted the surgical operation. The follow-up review with MRI for each patient was at 6-month

ostoperatively. There were no statistically significant differences in their baseline characteristics

etween 2 groups ( Table 1 ). 

Intraoperatively, hemorrhage value, and operation time were significantly less in Fluorescen-

ein than in Nonfluorescencein group. Importantly, the rates of tumor complete resection was

ignificantly higher in Fluorescencein than in Nonfluorescencein group (85.7%vs 62.5%, P = 0.02,

espectively, Table 2 ). Moreover, the rate of glioma recurrence was significantly lower in Fluo-

escencein than in Nonfluorescencein group (11.9%vs 25.0%, P = 0.01, Table 2 ). 

In Fluorescencein group, 87 samples with strong fluorescence staining were obtained dur-

ng the surgical operation. 79 of them were confirmed to be gliomas by the postoperative
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Table 1 

Baseline characteristics in patients from both groups. 

Characteristics Fluorescein Group n = 42 Nonfluorescein Group n = 40 P 

Age, year, M ± SD 49.1 ± 12.6 52.2 ± 12.3 0.20 

Gender, n (%) 0.19 

Male 25 (59.5) 18 (45.0) 

Disease duration, month, M ± SD 4.8 ± 2.4 5.2 ± 2.2 0.43 

BMI, Kg/m 

2 , M ± SD 24.2 ± 6.2 23.8 ± 5.5 0.76 

Tumor 

Size, cm 

3 , M ± SD 31.2 ± 14.8 30.1 ± 14.7 0.72 

Location, n (%) 1.00 

Parietal 5 (11.9) 5 (12.5) 

Frontal 8 (19.1) 7 (17.5) 

Functional 12 (28.6) 11 (27.5) 

Temporal 5 (11.9) 6 (15.0) 

Others 12 (28.6) 10 (27.5) 

Biggest diameter, n (%) 0.97 

< 4 cm 11 (26.2) 11 (27.5) 

4–6 cm 20 (47.6) 18 (45.0) 

> 6 cm 11 (26.2) 11 (27.5) 

Pathological type, n (%) 1.00 

Anaplastic oligodendrogioma 9 (21.4) 8 (20.0) 

Anaplastic ependymoma 6 (14.3) 5 (12.5) 

Anaplastic astrocytoma 8 (19.1) 7 (17.5) 

Glioblastoma 14 (33.3) 15 (37.5) 

Others 5 (11.9) 5 (12.5) 

WHO classification, n (%) 0.85 

III 24 (57.1) 22 (55.0) 

IV 18 (42.9) 18 (45.0) 

M ± SD, mean ± standard deviation; BMI, body mass index. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

histopathological examination. Eight resected samples without fluorescence were confirmed to 

be gliomas with the histopathological examination. Therefore, the sensitivity and specificity of

fluorescein in identifying brain glioma were 90.8% and 83.3%, respectively. 

The overall incidence of postoperative adverse events was higher in the Nonfluorescencein

than that in the Fluorescencein group, though it did not reach a statistical significant difference

(45.0% and 23.8%, respectively, P = 0.06). Detailed analyses did not show any statistically signifi-

cant differences in each category of the adverse events between 2 groups ( Table 3 ). 

Discussion 

In the current study, yellow fluorescence could be easily visualized under the fluorescence

microscope in patients in the Fluorescencein Group. The fluorescence staining was strongest

in the center of the tumor mass, and gradually faded when going to the edges of the tumor

mass. The area of the fluorescence staining was consistent with the tumor mass identified by the

contrast-enhanced brain MRI. Fluorescencein-guidance could facilitate a real-time delineation of 

gliomas from the surrounding normal tissue, 10 which increased the operation precision, short-

ened the operation time and, thus, reduced the bleeding during surgery. Most importantly, post-

operative recurrence rate was significantly decreased in Fluorescencein Group, which was prob-

ably due to the increased rate of glioma complete resection under fluorescence signal guidance. 

In the current study, the complete resection rate was 62.5% in the Nonfluorescencein Group,

which was higher than previous reports performed under the conventional white light mi-

croscopy (30%-55%). 12 During our operation, we used intraoperative sonogram navigation to

identify the boundaries of tumor mass. This technique was better than the one with only the

microscopy, thus, improved the resection rate. However, the rates of tumor complete resection

were significantly higher in patients in the Fluorescencein Group than in the Nonfluorescencein
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Table 2 

Intraoperative and postoperative comparisons between 2 group patients. 

Variables, n (%) Fluorescein Group n = 42 Nonfluorescein Group n = 40 P 

Intraoperative 

Hemorrhage < 0.01 

< 100 mL 23 (54.8) 7 (17.5) 

10 0-40 0 mL 16 (38.1) 22 (55.0) 

> 400 mL 3 (7.1) 11 (27.5) 

Duration of operation 0.03 

< 120 min 13 (31.0) 7 (17.5) 

120-240 min 25 (59.5) 22 (55.0) 

> 240 min 4 (9.5) 11 (27.5) 

Tumor mass resection 0.02 

Complete 36 (85.7) 25 (62.5) 

Partial 6 (14.3) 15 (37.5) 

Complication 3 (7.1) 4 (10) > 0.05 

Death 2 (4.8) 1 (2.5) N/A 

Postoperative 

Consistence with pathological result 39 (92.9) 32 (82.1) 0.18 

At 6-month follow-up postsurgery 

Death 1 (2.5) 2 (5.1) N/A 

KPS 82 75 

Recurrence 

Yes 5 (11.9) 10 (25.0) 0.01 

Table 3 

Records of adverse events between 2 groups. 

Adverse events, n (%) Fluorescein Group n = 42 Nonfluorescein Group n = 40 P 

Overall 10 (23.8) 18 (45.0) 0.06 

Mild 

Electrolyte abnormality 1 (2.4) 5 (12.6) 0.11 

Upper gastrointestinal bleeding 2 (4.8) 2 (5.0) 1.00 

Delayed intracranial bleeding 1 (2.4) 2 (5.0) 0.61 

Intracranial infection 2 (4.8) 2 (5.0) 1.00 

Postoperative seizure 0 (0.0) 1 (2.6) 0.49 

Moderate 

Electrolyte abnormality 1 (2.4) 0 (0.0) 1.00 

Upper gastrointestinal bleeding 0 (0.0) 1 (2.6) 0.49 

Delayed intracranial bleeding 0 (0.0) 1 (2.6) 0.49 

Intracranial infection 1 (2.4) 0 (0.0) 1.00 

Severe 

Upper gastrointestinal bleeding 0 (0.0) 1 (2.6) 0.49 

Intracranial infection 1 (2.4) 2 (5.0) 0.61 

Multiorgan failure 1 (2.4) 1 (2.6) 1.00 
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roup, suggesting that fluorescence staining was a better technique compared to ultrasound-

uided technique. 

Postoperative histopathological examination showed the fluorescence staining technique had

he sensitivity and specificity of 90.8% and 83.3%, respectively, which were consistent with pre-

ious reports. 13,14 The detectable fluorescence signals in the study group could make it easier for

he surgeons to identify the boundaries of the gliomas in order to have a successful complete

issection of the tumor mass with less injury to the surrounding structures. This was consistent

ith our outcome analysis, which showed less intraoperative hemorrhage, shorter surgical du-

ation, and more frequent complete tumor resections in the study group when compared to the

ontrol group. 

A previous study reported that fluorescence sodium should be given 20 minutes before

he craniotomy. 15 In the current study, we administrated intravenous fluorescence sodium 30

inutes before the general anesthesia. It was approximately 90 minutes after the intravenous
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fluorescence sodium injection till the dura matar was open. We had achieved satisfactory tumor

staining by the protocol. The optimal period between intravenous fluorescence sodium injection

and craniotomy requires further investigation. 

The overall incidence of severe adverse events was low, which was consistent with previous

studies. 10,12 The control group had a higher number of incidence for the adverse events than the

study group, but the difference between 2 groups did not reach a statistical significance. These

showed that fluorescein sodium-guided glioma resection was a safe procedure. 

Over survival period after surgery has been an important indicator for patients received

glioma resection. Both groups showed the same numbers of death in 6 months after surgery.

Because the limitation of the study was that the follow-up period was shorter, we have not

obtained an over survival in terms of longer period from the comparison of the 2 groups. We

required each patient to come to our department for MRI examination to see if any glioma recur-

rence at 6 month after operation. We are planning to require each patient to receive a 12-month

MRI examination additionally. 

Conclusions 

Compared to the traditional technique, application of fluorescein sodium injection and a mi-

croscope with a YELLOW 560 nm filter could achieve better intraoperative and postoperative

outcomes, mainly on the increased complete resection of gliomas and the reduced rate of post-

operation recurrence. 
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