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Fluorescein-guided surgery for
high-grade glioma resection: a
five-year-long retrospective
study at our institute
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Shi Zhongjie1, Li Zhangyu1, Zhou Liwei1, Li Yukui1, Chen Sifang1

and Tan Guowei1*

1Department of Neurosurgery, The First Affiliated Hospital of Xiamen University, Xiamen, Fujian, China,
2Department of Reproduction, The First Affiliated Hospital of Xiamen University, Xiamen,
Fujian, China, 3Department of Orthopedic Sports Medicine, The First Affiliated Hospital of Xiamen
University, Fujian, China, 4Department of Trauma Center and Acute Abdomen Surgery, The First
Affiliated Hospital of Xiamen University, Fujian, China
Objective: This study investigates the extent of resection, duration of surgery,

intraoperative blood loss, and postoperative complications in patients with high-

grade glioma who received surgery with or without sodium fluorescein

guidance.

Methods: A single-center retrospective cohort study was conducted on 112

patients who visited our department and underwent surgery between July 2017

and June 2022, with 61 in the fluorescein group and 51 in the non-fluorescein

group. Baseline characteristics, intraoperative blood loss, surgery duration,

resection extent, and postoperative complications were documented.

Results: The duration of surgery was significantly shorter in the fluorescein group

than in the non-fluorescein group (P = 0.022), especially in patients with tumors

in the occipital lobes (P = 0.013). More critically, the gross total resection (GTR)

rate was significantly higher in the fluorescein group than in the non-fluorescein

group (45.9% vs. 19.6%, P = 0.003). The postoperative residual tumor volume

(PRTV) was also significantly lower in the fluorescein group than in the non-

fluorescein group (0.40 [0.12-7.11] cm3 vs. 4.76 [0.44-11.00] cm3, P = 0.020).

Particularly in patients with tumors located in the temporal and occipital lobes

(temporal, GTR 47.1% vs. 8.3%, P = 0.026; PRTV 0.23 [0.12-8.97] cm3 vs. 8.35

[4.05-20.59] cm3, P = 0.027; occipital, GTR 75.0% vs. 0.0%, P = 0.005; PRTV 0.15

[0.13-1.50] cm3 vs. 6.58 [3.70-18.79] cm3, P = 0.005). However, the two groups

had no significant difference in intraoperative blood loss (P = 0.407) or

postoperative complications (P = 0.481).

Conclusions: Fluorescein-guided resection of high-grade gliomas using a

special operating microscope is a feasible, safe, and convenient technique that

significantly improves GTR rates and reduces postoperative residual tumor
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volume when compared to conventional white light surgery without fluorescein

guidance. This technique is particularly advantageous for patients with tumors

located in non-verbal, sensory, motor, and cognitive areas such as the temporal

and occipital lobes, and does not increase the incidence of postoperative

complications.
KEYWORDS

sodium fluorescein, fluorescein-guided surgery, high-grade glioma, gross-total
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1 Introduction

Gliomas arise from glial cells in the brain and are the most

common primary intracranial tumors, accounting for 80% of all

primary malignant tumors of the central nervous system. The

annual incidence of glioma in China is (3-6.4)/100,000, with

30,000 deaths annually. Gliomas are generally classified into high-

grade glioma (HGG) (grade 3/4) and low-grade glioma (grade 1/2)

according to their pathology (1, 2). Treatment of HGGs is based on

surgical resection combined with radiotherapy and chemotherapy.

Surgery can relieve clinical symptoms, prolong survival, and

provide sufficient tumor samples for definitive pathological

diagnosis and molecular genetic testing (3). Safe maximal surgical

resection (resection of all contrast-enhancing tissue and

supramaximal resection if possible) is the principle of

management for HGGs (4, 5). However, because of the biological

characteristics of HGGs with indistinct boundaries and infiltrative

growth, it is difficult to identify the tumor boundaries

intraoperatively and achieve complete histological resection in

such cases (6). Recently, the use of new surgical techniques such

as fluorescence-guided surgery (FGS), neuronavigation,

intraoperative neurophysiological monitoring, and real-time

intraoperative magnetic resonance imaging (MRI) have

maximized the safe resection of HGGs (7). Recently, advanced

confocal laser technology, such as confocal endoscopy, provides

real-time intraoperative histological images. Therefore, this

improves visualization in HGGs by clearly identifying brain

tumors, microvessels, and tumor margins (8, 9).

Sodium fluorescein (SF), with the molecular formula

C20H10Na2O5, is a small molecule dye with fluorescence

properties (relative molecular mass: 376). This dye is a non-

targeting tracer that does not cross the blood-brain barrier (BBB)

and cannot enter or specifically bind to tumor cells. However,

HGGs exhibit diffuse infiltrative growth and invade the

surrounding blood vessels, causing damage to the endothelial
scence-guided surgery;
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ultrastructure and altering the permeability of the vessel wall; this

disrupts the BBB and allows SF to enter and accumulate in the

tumor tissue. Yellow-green fluorescence can be observed in tumor

tissue at a wavelength of 560 nm using a fluorescent light source,

which can be used to map the tumor boundary. The degree of BBB

damage increases with the glioma grade, while the effect of SF

becomes more pronounced (7, 10, 11). In 2011, Acerbi et al.

initiated a prospective phase II clinical trial (FLUOGLIO) to

evaluate the safety and efficacy of FGS (5-10 mg/kg) of HGGs

using a Pentero microscope (Carl Zeiss, Germany) equipped with a

special YELLOW 560 filter. The results showed no adverse effects

associated with using SF, and gross total resection (GTR) of

contrast-enhanced tumors was achieved in 75% of the 12 World

Health Organization (WHO) grade 4 gliomas (12). Since then,

many studies have confirmed the safety and efficacy of fluorescein-

guided resection of HGGs (13–16). Although 5-aminolevulinic acid

(5-ALA) remains the only drug approved for FGS in HGG

resection, recent studies have shown that the advantages of SF

over 5-ALA include a wide range of indications, low cost, non-

toxicity, and ease of intraoperative administration. It may be a

reasonable and feasible alternative to 5-ALA for fluorescence-

guided HGG surgery (4, 17). Furthermore, SF may increase the

GTR rate in recurrent glioblastoma with minimal risk and clear

margins (18). and patients with primary central nervous system

lymphoma, brain abscesses or cerebral metastases may also benefit

from using SF and the dedicated 560 nm YELLOW filter during

craniotomy (19–22). In non-enhancing low-grade gliomas, SF can

identify locations of vascular dysregulation lesions associated with

high-grade features (23). In 2018, our neurosurgery department

gradually introduced SF-guided surgery for HGGs by acquiring an

OPMI Pentero 900 microscope (Carl Zeiss, Germany) with a special

YELLOW 560 filter.

However, few studies have comprehensively compared

fluorescein-guided and non-fluorescein-guided HGG resection.

Therefore, in this study, we retrospectively analyzed data from

patients who underwent HGG surgical resection with or without SF

guidance in the last five years and performed statistical analysis of

surgical outcomes and adverse events. This single-center

retrospective cohort study investigated the extent of resection

(EOR), duration of surgery, intraoperative blood loss, and

postoperative complications in patients with HGG who received

surgery with or without SF guidance. We present the following
frontiersin.org
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article based on the STROBE checklist (available at https://

www.strobe-statement.org/checklists).
2 Materials and methods

2.1 Patients

The medical records of 112 patients who visited our

neurosurgery department between July 2017 and June 2022 and

received surgery were retrospectively analyzed. Inclusion criteria:

(1) newly diagnosed or recurrent HGG suitable for surgical

resection; (2) no contraindications to surgery, and the patient and

family consented to surgery; and (3) pathological examination

showed WHO grade 3/4 glioma. The exclusion criteria were: (1)

cardiopulmonary, hepatic, or renal dysfunction, coagulopathy, or

other underlying systemic disease contraindicating surgery; (2)

history of active malignancy elsewhere; (3) medical reasons

precluding MRI enhancement; (4) multicentric lesion or biopsy

only; (5) recurrent HGG; and (6) presence of a large non-contrast-

enhancing area suggestive of low-grade glioma with malignant

transformation. This study protocol was formulated according to

the World Medical Association’s Declaration of Helsinki

requirements. The Ethics Committee of the First Affiliated

Hospital of Xiamen University [No. 2023KYEC (007)] approved it.
2.2 Clinical and radiological assessment

The clinical evaluation included postoperative assessments,

with the time points being 7 days before surgery, 24-72 h after

surgery, and 4 weeks after surgery. Basic information such as age,

gender, weight, height, improvement of main clinical symptoms

after surgery, and changes in laboratory test data was recordedwere

recorded for all patients. Immediate and postoperative responses to

the use of SF were assessed for objective circumstances. Subjective

outcomes could not be assessed because of the limitations of

general anesthesia.

In all cases, preoperative MRI was performed 7 days before

surgery, and postoperative MRI was performed 24-72 h after
Frontiers in Oncology 03
surgery. The primary endpoint of the study was the difference

between the two groups in terms of EOR, as determined by the

Response Assessment in Neuro-Oncology criteria (24), where

measurable residuals were defined as lesions with a maximum

diameter and a second vertical measurement of ≥ 10 mm. Patients

classified as having “no residual tumor” or “unmeasurable

residual” were pooled into the gross total resection (GTR)

group. In contrast, patients with “measurable residual lesions’

were considered the partial resection (PR) group (4). Preoperative

tumor volume and postoperative residual tumor volume (PRTV)

were calculated using open-source software (Osirix for Macintosh,

available at https://www.osirix-viewer.com) (25). Secondary

endpoints included the duration of surgery, intraoperative blood

loss, and incidence of postoperative complications.
2.3 Surgical protocol

Before anesthesia, 50 mg of the agent (0.5 mL of a 100 mg/mL

stock solution, Alcon Laboratories, USA) was administered to

patients receiving SF injections. The dye was diluted to 5 mL with

0.9% NS and injected intravenously into the patient. When no

allergic reaction was observed within 20 min, the patient received

intravenously 3-5 mg/kg of SF. The subdural manipulation was

performed at least 90 min later to allow sufficient time for SF to

accumulate in the brain tumor tissue.

The appropriate surgical approach was selected based on

preoperative imaging, and the cortical incision, flap size, and surgical

approach were designed according to neuronavigation. Craniotomy

was performed, and the dura was incised. The surgical site in the

fluorescein group was visualized in the yellow 560 fluorescence mode

to identify the tumor location and boundaries (Figure 1). The estimated

EOR was determined according to the stained margins to ensure GTR

or PR of the tumor tissue. Patients in the non-fluorescence-guided

surgery (NFGS) group underwent tumor resection under conventional

white light microscopy with the assistance of neuronavigation. The

dura was tightly sutured, the bone flap was repositioned, and the scalp

was finally sutured after complete hemostasis of the surgical area.

Intraoperative blood loss and the duration of surgery were

documented. Patients were admitted to the neurological intensive
A B

FIGURE 1

(A) Representative image of a glioma visualized with a conventional white light microscope without fluorescent labeling. (B) The same glioma was
visualized with fluorescent labeling using a microscope with a YELLOW 560 nm filter. The tumor margins are visible in (B).
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care unit after surgery and received postoperative MRI enhancement

within 72 h to assess EOR (Figure 2).
2.4 Pathological classification

Each patient’s pathology of tumor tissue was classified

according to the WHO fifth edition classification of central

nervous system tumors, WHO CNS5, 2021 (4).
2.5 Postoperative complication evaluation

Postoperative complications were graded according to a revised

Clavien-Dindo classification of surgical complications to assess the

severity at 4 weeks postoperatively. Five levels were included, i.e., I:

any deviation from the normal required no treatment, II: required

medication, III: required intervention, IV: required intensive care,

and V: death (26–28).
2.6 Statistical analyses

SPSS software (version 26.0) was used for the statistical analysis

of the data. Two independent samples t-tests were used to compare

data that showed a normal distribution. Enumeration data were

expressed as percentages or proportions, and comparisons between

groups were made using the Mann–Whitney U test of two

independent samples in a non-parametric test. Interaction and

stratified analyses were conducted according to the adoption of

SF-guided resection, EOR and tumor locations. Statistical

significance was set at P < 0.05.
Frontiers in Oncology 04
3 Results

The study included 112 cases; 61 cases were included in the

fluorescein group (34/27 male/female, mean age 53.20 ± 13.38

years); 51 cases were included in the non-fluorescein group (33/

18 male/female, mean age 51.63 ± 16.89 years). All patients received

surgery and completed cranial MRI enhancement within 72 h of

surgery to assess EOR. There were no statistically significant

differences in the baseline characteristics between the two groups

of patients (Table 1).

The duration of surgery was significantly shorter in the

fluorescein group than in the non-fluorescein group (P = 0.022,

Table 2). More critically, the GTR rate was significantly higher in

the fluorescein group than in the non-fluorescein group (45.9% vs.

19.6%, P = 0.003, Table 2). The PRTV was also significantly smaller

in the fluorescein group than in the non-fluorescein group (0.40

[0.12-7.11] cm3 vs. 4.76 (0.44-11.00) cm3, P = 0.020, Table 2). There

were no significant differences between the two groups in

intraoperative blood loss (P = 0.407, Table 2) or the incidence of

postoperative complications (P = 0.481, Table 2).

We further classified the cases into five categories based on

tumor location: frontal, temporal, parietal, occipital, and deep

supratentorial (insula, corpus callosum, basal ganglia). The case

distribution in the groups based on the use of fluorescein was as

follows: total number in the group, number in fluorescein/non-

fluorescein groups: frontal group 34, 22/12; temporal group: 29, 17/

12; parietal group: 19, 6/13; occipital group: 14, 8/6; and deep

supratentorial group (insula, corpus callosum, basal ganglia) 16, 8/

8. There were no statistically significant differences in baseline

characteristics between the fluorescein and non-fluorescein

subgroups within the tumor location categories (Table 1).

Intraoperative blood loss (frontal, P = 0.782; temporal, P = 0.695;
A B D E

F G IH J

C

FIGURE 2

The figure shows images of a 45-year-old female patient with glioblastoma. Preoperative cranial magnetic resonance imaging (MRI)-enhanced
images (A, F) suggest that the tumor was located in the left parietal lobe, and images taken at the same sections 48 h after surgery (B, G) show gross
total resection (GTR). Cranial MRI-enhanced images were reviewed in the same sections 1 month after surgery (C, H), 2 months after surgery (D, I),
and 6 months after surgery (E, J). All images were suggestive of GTR.
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TABLE 1 Baseline characteristics of patients with different tumor locations between Fluorescein/Non-fluorescein groups.

Occipital
Deep supratentorial

(Insular lobe, corpus cal-
losum, basal ganglia)

Total

P FG
n = 8

NFG
n = 6 P FG

n = 8
NFG
n = 8 P FG

n = 61
NFG
n = 51 P

0.126
56.87
(13.29)

57.00
(15.74)

0.987
54.00
(10.57)

39.38
(25.98)

0.173
53.20
(13.38)

51.63
(16.89)

0.584

0.637 0.533 0.302 0.335

4 (50.0) 2 (33.3) 4 (50.0) 6 (75.0) 34 (55.7) 33 (64.7)

4 (50.0) 4 (66.7) 4 (50.0) 2 (25.0) 27 (44.3) 18 (35.3)

0.144
22.85
(2.40)

22.29
(2.71)

0.705
28.42
(12.97)

22.16
(2.84)

0.273
24.41
(7.31)

22.45
(3.02)

0.139

0.130 0.231 0.158 0.205

8 (100.0) 5 (83.3) 5 (62.5) 8 (100.0) 48 (78.7) 46 (90.2)

0 1 (16.7) 2 (25.0) 0 6 (9.8) 4 (7.8)

0 0 1 (12.5) 0 4 (6.6) 0

0 0 0 0 3 (4.9) 1 (2.0)

X
ie

t
al.

10
.3
3
8
9
/fo

n
c.2

0
2
3
.119

14
70

Fro
n
tie

rs
in

O
n
co

lo
g
y

fro
n
tie

rsin
.o
rg

0
5

Characteristics

Frontal Temporal Parietal

FG
n = 22

NFG
n = 12 P FG

n = 17
NFG
n = 12 P FG

n = 6
NFG
n = 13

Age, year, M ± SD
52.14
(15.22)

49.83
(8.33)

0.632
54.47
(13.37)

52.75
(18.38)

0.772
47.50
(11.22)

57.31
(12.80)

Sex, n (%) 0.493 0.979

Male 12 (54.5) 8 (66.7) 10 (58.8) 7 (58.3) 4 (66.7) 10 (76.9)

Female 10 (45.5) 4 (33.3) 7 (41.2) 5 (41.7) 2 (33.3) 3 (23.1)

BMI, kg/m2, M ±
SD

24.11
(8.80)

22.30
(2.23)

0.574
23.71
(3.09)

23.55
(4.49)

0.917
24.26
(3.19)

21.73
(2.61)

Pathological
classification, n

(%)
0.688 0.345

Glioblastoma,
IDH-wide type

14 (63.6) 9 (75.0)
16

(94.1)
11 (91.7) 5 (83.3) 13 (100.0)

Grade 3 IDH-
mutant, 1p/19q

co-deleted
oligodendroglioma

3 (13.6) 2 (16.7) 0 1 (8.3) 1 (16.7) 0

Grade 3 IDH-
mutant

astrocytoma
2 (9.1) 0 1 (5.9) 0 0 0

Grade 4 IDH-
mutant

astrocytoma
3 (13.6) 1 (8.3) 0 0 0 0

FG, fluorescein group; NFG, non-fluorescein group; M ± SD, mean ± standard deviation; BMI, body mass index.
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TABLE 2 Intra-operative and postoperative comparisons of patients with different tumor locations between the fluorescein and non-fluorescein groups.

Occipital
Deep supratentorial

(Insular lobe, corpus cal-
losum, basal ganglia)

Total

NFG
n = 6 P FG

n = 8
NFG
n = 8 P FG

n = 61
NFG
n = 51 P

867.50
(1084.87)

0.337
387.50
(290.01)

232.50
(196.45)

0.231
475.74
(467.25)

401.67
(470.31)

0.407

449.17
(138.15)

0.013
417.50
(138.62)

365.63
(154.17)

0.491
346.48
(106.50)

378.63
(108.16)

0.022

0.005 0.522 0.003

0 (0) 1 (12.5) 2 (25.0) 28 (45.9) 10 (19.6)

6 (100.0) 7 (87.5) 6 (75.0) 33 (54.1) 41 (80.4)

45.05
(25.38-
87.45)

0.519
41.05
(12.68-
63.65)

23.30
(17.10-
35.83)

0.423
39.10
(27.80-
59.70)

39.20
(22.30-
58.40)

0.944

6.58 (3.70-
18.79)

0.005
5.90
(0.33-
12.05)

3.04
(0.14-
6.79)

0.522
0.40
(0.12-
7.11)

4.76
(0.44-
11.00)

0.020

0.733 0.301 0.481

2 (33.3) 2 (25.0) 2 (25.0) 15 (24.6) 13 (25.5)

0 (0) 2 (25.0) 0 (0) 2 (3.3) 0 (0)

0 (0) 0 (0) 0 (0) 1 (1.6) 0 (0)

0 (0) 0 (0) 0 (0) 1 (1.6) 0 (0)

4 (66.7) 4 (50.0) 6 (75.0) 42 (68.9) 38 (74.5)

X
ie

t
al.

10
.3
3
8
9
/fo

n
c.2

0
2
3
.119

14
70

Fro
n
tie

rs
in

O
n
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n
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.o
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0
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Variables, n
(%)

Frontal Temporal Parietal

FG
n = 22

NFG
n = 12 P FG

n = 17
NFG
n = 12 P FG

n = 6
NFG
n = 13 P FG

n = 8

Intraoperative
blood loss

464.32
(462.76)

421.25
(357.15)

0.782
414.71
(353.45)

363.75
(322.61)

0.695
816.67
(953.76)

307.69
(239.66)

0.251
469.37
(302.38)

Duration of
surgery

324.55
(108.65)

350.42
(86.98)

0.484
360.29
(84.60)

357.08
(85.82)

0.921
376.67
(103.86)

400.00
(94.27)

0.633
283.75
(74.25)

Extent of
resection

0.354 0.026 0.141

Gross total
resection

9 (40.9) 3 (25.0) 8 (47.1) 1 (8.3) 4 (66.7) 4 (30.8) 6 (75.0)

Partial
resection

13 (59.1) 9 (75.0) 9 (52.9) 11 (91.7) 2 (33.3) 9 (69.2) 2 (25.0)

Preoperative
tumor volume
in cm3, median
(IQR)

42.15
(27.63-
62.35)

41.40
(28.40-
58.40)

0.894
35.70
(21.65-
49.45)

43.10
(23.83-
66.65)

0.330
37.80
(27.85-
69.00)

39.30
(18.05-
58.10)

0.512
32.15
(29.48-
52.43)

Postoperative
residual tumor
volume in cm3,
median (IQR)

1.75
(0.13-
14.90)

3.74
(0.17-
17.71)

0.688
0.23
(0.12-
8.97)

8.35
(4.05-
20.59)

0.027
0.09
(0.05-
3.36)

2.23
(0.11-
10.13)

0.122
0.15
(0.13-
1.50)

Postoperative
Complications

0.763 0.927 0.637

Grade I 5 (22.7) 3 (25.0) 4 (23.5) 3 (25.0) 2 (33.3) 3 (23.1) 2 (25.0)

Grade II 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Grade III 1 (4.5) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Grade IV 1 (4.5) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

No
complications

15 (68.2) 9 (75.0) 13 (76.5) 9 (75.0) 4 (66.7) 9 (75.0) 6 (75.0)

FG, fluorescein group; NFG, non-fluorescein group.
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parietal, P = 0.251; occipital, P = 0.337; deep supratentorial, P =

0.231; Table 2) and incidence of postoperative complications

(frontal, P = 0.763; temporal, P = 0.927; parietal, P = 0.637;

occipital, P = 0.733; deep supratentorial, P = 0.301; Table 2) were

also not significantly different between the two groups. In patients

with tumors in the occipital lobes, the duration of surgery was

significantly shorter in the fluorescein group than in the non-

fluorescein group (P = 0.013; Table 2). Contrarily, in patients

with tumors in the frontal, temporal, parietal lobes and the deep

supratentorial area, there was no significant difference between the

two groups (frontal, P=0.484; temporal, P = 0.921; parietal, P =

0.633; deep supratentorial, P = 0.491; Table 2).

In patients with tumors located in the temporal and occipital

lobes, the GTR rate was significantly higher in the fluorescein group

compared to the non-fluorescein group (temporal: GTR 47.1% vs.

8.3%, P = 0.026; occipital: GTR 75.0% vs. 0.0%, P = 0.005; Table 2).

Additionally, the PRTV was significantly smaller in the fluorescein

group than in the non-fluorescein group (temporal: 0.23 [0.12-8.97]

cm3 vs. 8.35 [4.05-20.59] cm3, P = 0.027; occipital: 0.15 [0.13-1.50]

cm3 vs. 6.58 [3.70-18.79] cm3, P = 0.005; Table 2). In patients with

tumors located in the frontal lobe, parietal lobe, and deep

supratentorial region, no significant difference was observed

between the two groups (frontal: 40.9% vs. 25.0%, P = 0.354;

parietal: 66.7% vs. 30.8%, P = 0.141; deep supratentorial region:

12.5% vs. 25.0%, P = 0.522; Table 2). The PRTV also showed no

significant statistical difference between the two groups (frontal:

1.75 [0.13-14.90] cm3 vs. 3.74 [0.17- 17.71] cm3, P = 0.688; parietal:

0.09 [0.05-3.36] cm3 vs. 2.23 [0.11-10.13] cm3, P = 0.122; deep

supratentorial region: 5.90 [0.33-12.05] cm3 vs. 3.04 [0.14-6.79]

cm3, P = 0.522; Table 2). We additionally performed binary logistic

regression with EOR as the dependent variable to calculate the

interaction between tumor location and adoption of SF-guided

resection, and the results showed a statistically significant

difference in the interaction P value (P = 0.037, Table 3).
4 Discussion

Sodium fluorescein (SF), a fluorescent compound discovered by

Adolf von Baeyer in 1871, has typically been used in ocular retinal

angiography (2 9, 29). However, as early as 1947, Moore et al.

studied the role of SF in neuro-oncological procedures and

examined the differences in fluorescein signal intensity between

malignant and benign tissues (30). The mechanism of action of SF is

thus very similar to gadolinium. Consequently, this reduces the
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impact of deficiencies in conventional neuronavigation, such as

brain displacement or registration errors and allows neurosurgeons

to visualize contrast-enhanced areas of tumors in real time (15, 29,

31–33). Some data in the current literature reveals that SF has

satisfactory sensitivity and specificity on tumor tissue, reaching up

to 82-94% and 90-91%, respectively (34). Additionally, in a

multicenter, prospective phase II clinical trial of SF-guided

resection of HGGs (FLUOGLIO) conducted by Acerbi F et al., 50

biopsies were performed at the margins of tumor tissue in 13

patients (26 biopsies of fluorescent tissue and 24 biopsies of non-

fluorescent tissue), and the sensitivity and specificity of tumor

identification were 80.8% and 79.1%, respectively. The positive

predictive value (PPV) and negative predictive value (NPV) were

80.8% and 79.1%, respectively (35). A retrospective single-center

cohort study published by Sweeney JF et al. showed that the

sensitivity and specificity of SF were 62% and 100% (36).

However, the sensitivity and specificity of SF on tumor tissue is

affected by the conditionality of the surgical sample, especially in

peri-tumor “healthy” tissue, which must also be acknowledged (35).

The potential of fluorescein-guided surgery (FGS) to

significantly improve GTR rates in HGGs has been demonstrated

in several studies (7, 15, 23, 37–40). Smith et al. evaluated the GTR

rate of fluorescein-guided HGG surgery in a meta-analysis study.

336 patients underwent fluorescein-guided HGG resection with a

GTR rate of 81% (95% confidence interval 73%-89%; p < 0.001).

They further analyzed 10 case-control studies and reported a 29.5%

increase in the GTR rate in the fluorescein-guided group compared

to the non-fluorescein-guided group (41). Acerbi et al. analyzed

data from 412 articles, 17 closely related to fluorescein-guided

resection of HGGs. They reported that fluorescein-guided surgery

is a safe, effective, and convenient technique for achieving high GTR

rates in HGGs. However, the impact of FGS on progression-free

survival and overall survival needs to be demonstrated in further

prospective comparative trials (32). Consistent with the studies

mentioned above, our data showed significantly higher GTR rates in

the fluorescein group than in the non-fluorescein group (45.9% vs.

19.6%, P = 0.003; Table 2), and the PRTV was also significantly

smaller in the fluorescein group than in the non-fluorescein group

(0.40 [0.12-7.11) cm3 vs. 4.76 [0.44-11.00] cm3, P = 0.020, Table 2).

However, our GTR rate, with or without the use of SF, was

significantly lower compared to previous literature, which we

speculate related to the following factors. First, the RANO criteria

to defining GTR or PR are not frequently used in previous studies,

e.g., Hong J et al. simply used postoperative cranial MRI-enhanced

images and manual review to evaluate whether GTR was achieved
TABLE 3 Interaction and stratified analyses according to the adoption of SF-guided resection, EOR and tumor locations.

Locations

FG NFG

p Value for interactionGTR
n=28

PR
n=33

GTR
n=10

PR
n=41

0.037

Temporal & Occipital 14 11 1 17

Frontal, Parietal & Deep supratentorial 14 22 9 24
FG, fluorescein group; NFG, non-fluorescein group; GTR, gross-total resection; PR, partial resection.
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and reported GTR rates of 85.7% (FG group) and 62.5% (NFG

group) (7). Schebesch KM et al. used a blinded neuroradiologist for

quantitative volume analysis and subsequently transferred the

images to Brainlab iPlan cranial software (Brain Lab, Munich,

Germany) for further evaluation of EOR, also achieving a

satisfying GTR rate (40). Nevertheless, Hansen RW et al. using

the RANO criteria for EOR determination, reported a GTR rate of

only 62% for SF-guided HGG resection (4), which is consistent with

our findings and again significantly below the range of GTR values

reported in the majority of current literature. Second, some studies

excluded data from patients with tumors located in the deep

supratentorial region, such as Acerbi et al. (2013) (FLUOGLIO

initial results) and Acerbi et al. (2018) (FLUOGLIO study). Data

from patients with tumors located in the midline and basal ganglia

regions were directly excluded from the above clinical trials (35, 42).

Similarly, a retrospective study reported by Chen B et al. also

excluded data from patients with tumor invading corpus

callosum, midline, basal ganglia, etc (38). In contrast, our study

included data from patients with tumors invading deep

supratentorial regions (e.g., corpus callosum, basal ganglia, etc.),

and the less favorable outcome of tumor resection in this group of

patients decreased the GTR rate of the entire group due to the

involvement of important neurological functional areas.

We further investigated the differences in GTR rates between

the fluorescein and non-fluorescein groups according to different

tumor locations in the supratentorial region. We found that in

patients with tumors in the temporal and occipital lobes, the GTR

rates in fluorescein patients were higher than in non-fluorescein

patients. The PRTV was also significantly smaller in the fluorescein

group than in the non-fluorescein group. In patients with tumors in

the frontal and parietal lobes and the deep supratentorial region, the

GTR rates and PRTV in both populations were not statistically

significant, and further performed interaction and stratification

analyses according to the adoption of SF-guided resection, EOR

and tumor locations showing statistically significant differences. We

speculate that the above mentioned findings may be related to the

fact that the cerebral cortex’s language, motor, sensory, and

cognitive areas are predominantly located in the frontal and

parietal lobes and deep supratentorial region. The current surgical

strategy for tumors affecting the cerebral cortex’s language, motor,

sensory, and cognitive areas is to remove the tumor to the greatest

extent possible safely; and to preserve vital neurological function as

possible while extending patient survival to improve the

postoperative quality of life, rather than pursuing total tumor

resection based on neuroimaging (5, 43, 44). However, the tumor

location classification method in this manuscript does not precisely

distinguish between eloquent and non-eloquent tumors, and the

above conclusions only suggest this potential possibility, which

needs to be investigated by further prospective clinical trial data.

Current studies differ on the precise dose and timing of SF

administration before surgery (4, 32, 33, 41, 45). Acerbi F et al.

suggested the administration of a low dose (5 mg/kg) i.v. SF at the

end of intubation (i.e. approximately 1 hour before dural opening),

and this is currently the most commonly used procedure in HGG

surgery under SF guidance (12, 42, 46). We followed and merged

the procedure of Acerbi F and Schebesch et al, achieved satisfactory
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intraoperative tumor staining by intravenous injection of 0.5 mL SF

for allergic testing before general anesthesia (to confirm the absence

of allergic reactions). Subsequently, we administered a single

intravenous injection of 3-5 mg/kg SF 20 min later if no allergic

reaction was observed (7, 42, 46, 47). However, the extravasation

and distribution of SF followed a specific time course. Intravascular

fluorescein leaks out after a half-life of 264 min and may stain

edema in the peritumoral normal brain parenchyma, increasing the

risk of resectioning non-tumor tissue. Therefore, the timing of

administration should be carefully planned to minimize these

confounding factors (45). Hong et al. retrospectively analyzed 82

patients, 42 with FGS (fluorescein group) and 40 with NFGS (non-

fluorescein group). They found that the fluorescein group

experienced less intraoperative bleeding and shorter operating

times than the non-fluorescein group (7). Our results also showed

that the duration of surgery was significantly shorter in the

fluorescein group than in the non-fluorescein group (P = 0.022;

Table 2). However, the two groups had no statistically significant

difference in intraoperative blood loss (P = 0.407, Table 2).

Further statistical analysis showed no statistically significant

difference in intraoperative bleeding between tumors in different

locations in the supratentorial region. In patients with frontal and

occipital tumors, the duration of surgery was significantly shorter in

the fluorescein group than in the non-fluorescein group. In

contrast, there was no statistically significant difference between

the two groups in patients with tumors in the temporal lobe, parietal

lobe, and deep supratentorial region. Based on our previous surgical

experience, we conclude that SF facilitates tumortumour tissue

visualization and tumor margin delineation, theoretically reducing

surgical bleeding and duration. However, an increase in the GTR

rate also increases the workload of surgical resection and

correspondingly prolongs the surgical duration. Surgical

manipulation of brain tissue inherently disrupts the BBB,

resulting in non-selective leakage of SF from the bloodstream

along the cut edges of tumor tissue during surgery; this also

affects the reliable delineation of tumor and normal tissue. In

addition, the reduced illumination intensity in the fluorescence

mode makes it more difficult to identify bleeding sites and stop

bleeding in the surgical field. As a result, switching to the non-

fluorescence mode is often necessary to achieve hemostasis,

resulting in increased intraoperative bleeding and extended

surgical duration. These effects are more pronounced in deeper

tumor tissues. SF may stain the cerebrospinal fluid. Suppose the

ventricular system is opened during resectioning of tumors in the

ventricular system, and CSF flows into the surgical field. In that

case, the field will appear yellow-green in fluorescence mode,

making the procedure more difficult and requiring a switch back

to non-fluorescence mode. However, this can also lead to increased

intraoperative bleeding and prolonged surgical duration.

Our study also showed no statistically significant difference in

the incidence of postoperative complications between patients with

FGS and NFGS (P = 0.481, Table 2). The incidence of postoperative

complications based on tumors in different locations in the

supratentorial region was also not significantly different between

the two groups. This result is similar to that reported by Hong et al.

(7). In 2017, Acerbi et al. conducted a multicenter prospective phase
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II study of fluorescein sodium-guided high-grade glioma resection

(FLUOGLIO), in which 40 serious adverse events occurred in 56

patients; none of the adverse events were considered related to SF

administration (35). In 2022, Restelli F et al. reported an exceptional

case of a young woman diagnosed with glioma and receiving a

potentially toxic dose (almost 3 g) of SF during induction of

anaesthesia due to a medical error. However, the surgical

procedure was successfully completed with a Gross Total Tumor

Resection and no clinical toxicities occurred. This case further

reinforces the view that SF administration is a safe procedure

(48). Consistent with the above-reported results, the current study

also showed that fluorescein-guided glioma resection did not

significantly increase the incidence of postoperative complications

compared with conventional non-fluorescein procedures.

Several studies evaluated the effect of SF-guided glioma

resection on survival: Koc et al. reported a median survival of

43.9 weeks for patients in the fluorescein group and 41.8 weeks for

the non-fluorescein group. There was no statistically significant

difference in survival between the two groups (49). Progression-free

survival was significantly longer with fluorescein (7.2 months vs. 5.4

months; P = 0.033) in a study by Chen et al. However, this study

lacked randomization and did not use special microscope filters to

visualize fluorescence; only white light was used (38). Su X et al.

performed a systematic computer search of PubMed and Web of

Knowledge, including 12 studies, and a subsequent meta-analysis

showed that SF-guided HGG resection was effective in reducing the

risk of progression-free survival, with a pooled hazard ratio (HR) of

0.73 (95% CI 0.57-0.94, P = 0.01), but they also acknowledged that

the above conclusions should be confirmed by subsequent

randomized controlled clinical trials with large samples (50). In

2018, Acerbi F et al. reported a multicenter, prospective phase II

clinical study on SF-guided resection of HGGs (FLUOGLIO) with a

median follow-up of 11 months in 45 patients. PFS-6 and PFS-12

were 56.6% and 15.2%, respectively (PFS-6 and PFS-12 were defined

as the proportion of patients who were progression-free at 6 and 12

months after diagnosis), and median survival was 12 months.

However, they were unable to compare survival curves between

the completely resected and incompletely resected subgroups due to

the small number of incompletely resected cases (35). Schipmann S

et al. summarized current strategies for intraoperative identification

and targeting of glioblastoma and discussed the benefits and

limitations of each technique in a 2019 review article. In their

discussion of SF, the author stated that, to date, there are no reliable

trial data on the impact of SF-guided resection on outcomes and

survival (45), The review article summarised by Babu R et al. led to

the same conclusion (51). Therefore, reliable data on the prognostic

and survival impact of fluorescein-guided glioma resection have not

been published (35, 45, 50, 51).
5 Conclusion

Fluorescein-guided resection of HGGs under a special operating

microscope is feasible, safe, and convenient compared with

conventional white light surgery without fluorescein guidance,

significantly improves GTR rates, reduces PRTV, which is
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particularly beneficial for patients with tumors located in non-

verbal, sensory, and motor and cognitive areas such as the temporal

and occipital lobes, and does not increase the incidence of

postoperative complications. However, because of the limited

sample size of this study, this conclusion is preliminary. Further

multicenter prospective studies with large samples are needed to

demonstrate the prognostic impact of this technique.
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