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Objective. Sodium fluorescein (FL) had been safely used in fluorescence-guided microsurgery for imaging various brain tumors.
Under the YELLOW 560 nm surgical microscope filter, low-dose FL as a fluorescent dye helps in visualization. Our study
investigated the safety and efficacy of this innovative technique inmalignant glioma (MG) patients. Patients andMethod. 38 patients
suffering from MGs confirmed by pathology underwent FL-guided resection under YELLOW 560 nm surgical microscope filter.
We retrospectively analyzed the clinical characters, microsurgery procedure, extent of resection, pathology of MGs, progression-
free survival (PFS), and overall survival (OS). Results. Thirty-eight patients had MGs (10 WHO grade III, 28 WHO grade IV).
With YELLOW560 nm surgical microscope filter combined with neuronavigation, sodium fluorescein-guided gross total resection
(GTR) was achieved in 35 (92.1%) patients and subtotal resection in 3 (7.69%). The sensitivity and specificity of FL were 94.4% and
88.6% regardless of radiographic localization. Intraoperatively, 10 biopsies (10/28 FL[+]) showed “low” or “high” fluorescence in
non-contrast-enhancement region and are also confirmed by pathology. Our data showed 6-month PFS of 92.3% and median
survival of 11 months. Conclusion. FL-guided resection of MGs under the YELLOW 560 nm surgical microscope filter combined
with neuronavigation was safe and effective, especially in non-contrast-MRI regions. It is feasible for improving the extent of
resection in MGs especially during emergency cases.

1. Introduction

According toWorld Health Organization (WHO), malignant
glioma (MG) is defined as grade III or IV glioma. It is a highly
invasive tumor type and has demonstrated a poor prognosis
rate even with the use of current treatment modalities
such asmicroneurosurgery, chemotherapy, and radiotherapy.
Nevertheless, maximal extent of resection improved the
progression-free survival (PFS) and overall survival (OS) of
patients who were suffering from MGs [1, 2]. The main pur-
pose to treat the patients includes safe andmaximal resection
of MG, while ensuring neurological integrity. Several inno-
vative techniques of neurosurgery have been attempted to
improve the extent of resection, such as neuronavigation [3],
intraoperative ultrasound [4], and intraoperative MRI. But

none of these treatment modalities resolved the perfect
resection of glioma cells of MGs exactly from normal brain
tissue in the ideal conditions.

In pursuit of real-time intraoperative guidance method
for the safe and maximal resection of tumors, fluorescence-
guided surgery has emerged as an advanced adjunctive tech-
nique, which had documented increase in the extent of tumor
resection. 5-Aminolevulinic Acid (5-ALA) is an intermediate
metabolite of heme biosynthesis, which is transformed to
protoporphyrin IX (PpIX) and is accumulated in MG cells
and can be visualized under special filter. Although accumu-
lated PpIX in glioma cells theoretically could discriminate
malignant glioma tissues fromnormal brain tissues, few other
studies have described that “bleaching” of 5-ALA-fluorescent
dye obscured the tumor boundary [5]. PFS was greater than
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6 months among patients who underwent 5-ALA-guidance
than white light [6]. Furthermore, 5-ALA fluorescence-
guided surgery has other shortcomings such as drug’s pho-
totoxicity, extortionate price, and not being approved by
Food andDrugAdministration, which limited its widespread
application.

Due to the above limitations, sodium fluorescein- (FL-)
guided surgery recently had been paid more attention by
neurosurgeons than 5-ALA. FL is an easily available and
biosafe fluorescein dye with a peak excitation at 465 to
490 nm and emission between 500 and 550 nm and has been
used extensively and safely for many years especially in oph-
thalmology [7, 8]. Moore et al. attempted to obtain the value
of diagnosis of FL in intracranial tumor and described the use
of FL for the first time in 1947 [9, 10]. FL disseminates through
disrupting the blood-brain barrier (BBB) and accumulates
in the extracellular space of brain tumors; otherwise, FL
leaks into the normal brain tissues minimally keeping the
BBB intact and is readily cleared. Thus, FL-guided surgery
has been discussed by many studies to improve the extent
of resection, which in turn look forward to improve the
prognosis of MG. Gross tumor resection was significantly
increased with FL-guided surgery, even though high doses
(>20mg/kg) of FLwere employed in the resection of glioblas-
tomas through traditional microscope [5, 11]. Low doses
(5–10mg/kg) of FL had also been documented to be effective
and safe adjunctive technique for high volume of mean
tumor resection (90.5%) [12]. A newly advanced microscope,
PENTERO 900 with a special filter (YELLOW 560 nm), was
used at very low doses (3-4mg/kg) of FL [13]. This may in
turn prevent potential risk of dose-dependent side effects,
in spite of the fact that it had been covered by very few
literature studies with high-dosage use [14, 15]. We exhibited
our primary experience and results of FL-guided resection
of MGs from January 2014 to December 2016 in neuro-
surgery department of Qilu Hospital (Qingdao) of Shandong
University. With the usage of YELLOW 560 nm surgical
microscope filter, the study aimed to provide more evidence
to the effectiveness and usefulness of FL-guided surgery.

2. Patients and Methods

Our retrospective study inclusion criteria were similar to
the previous study criteria of FLUOGLIO trial by Acerbi et
al. [16], which were as follows: (1) age 18 to 75 years; (2)
newly diagnosed, untreated, or recurrent MGs (based on the
preoperative brainMRIwith andwithout contrast as reported
by Acerbi and confirmed by pathological reports postop-
erative); (3) tumor location allowing for gross resection of
contrast-enhancing area as determined by the surgeon and
neuroradiologist. The exclusion criteria were as follows: (1)
age < 18 years or >75 years; (2) a tumor that is originated in
the brainstem; (3) the presence of a non-contrast-enhancing
area, suggesting a low-grade glioma with malignant transfor-
mation; (4) medical reasons precluding MRI with contrast-
enhancement (CE); (5) renal insufficiency; (6) hepatic insuf-
ficiency; and (7) active malignant tumors at any other part of
the body.This study included only patients withWHO grade
III and glioblastoma multiforme (GBM). Informed consent

was obtained before operation from all the patients who
underwent FL-guided surgery. This study was approved by
the ethic committee of Qilu Hospital.

Clinical assessment included a preoperative estimate
within 7 to 10 days of surgery and a postoperative appraisal
within the first 24 to 72 hours after surgery. MRI studies with
3.0-T Philips Ingenia scanner with and without gadolinium-
enhancement were obtained from all patients. Preoperative
MRI studies were performed within 7 days of surgery and
postoperative studies within the first 24 to 72 hours after
surgery in all cases. The tumor and residual volume were
calculated preoperatively and postoperatively using open-
source software (Osirix for Macintosh, http://www.osirix-
viewer.com/). The area of gadolinium-enhancement greater
than 0.175 cm3 by a calculated volume was considered to
be residual tumor [6]. Postoperatively, the patients were
disposed according to the Stupp protocol (i.e., postopera-
tive radiosurgery and chemotherapy) with radiotherapy (25
cases) and concomitant temozolomide (23 cases) therapy
[17].

After the induction of anesthesia and before skin incision,
2-3mg/kg bodyweight (3mg/kg in first 28 cases and 2mg/kg
in late 10 cases) of 20% solution of sodium fluorescein
(Guangzhou Baiyun Shan Ming Xing Pharmaceutical Com-
pany, China, National Drug number: H44023400) diluted to
1% was administered by bolus intravenous injection. Pentero
900 microscope (with fluorescence kit, YELLOW 560, Carl
Zeiss Meditec, Oberkochen, Germany) was employed dur-
ing the neurosurgery. YELLOW 560 is a new fluorescence
kit, described in previous studies [13, 16], designed at an
excitation wavelength of 460 to 500 nm and for observation
at 540 to 690 nm, respectively. This in turn reduces the
fluorescein dosage to 3mg/kg according to the research
performed in current studies [13, 18, 19]. Hence, FL-guidance
at a dose of 3mg/kg was employed in the first 22 cases, and in
addition, we reduced the dosage to 2mg/kg from February
2016 and obtained the same effective imaging results (late
10 cases). Neuronavigation (BrainLab) based on T1-weighted
gadolinium-enhancement MRI was used for designing the
surgical plan and ascertained the biopsies that demonstrated
margin localization between the tumor and normal tissues
but not judged for extent of resection. Intraoperative gross
total resection (GTR, may be considered as aggressive or
super-total resection according to postoperative T1-weighted
CE MRI) was judged only by neurosurgeon when all the
fluorescein dyed tissues were removed, except for one case
which involved the ganglia region and in turn depended on
the intraoperative neuronavigation. Two cases encompassed
middle cerebral artery (MCA) by tumor dependent on
neurosurgeon’s judgement. Neurophysiological monitoring
was employed when tumors were located in or near to the
eloquent areas based on the details described by Cordella
study [20]. With the YELLOW 560 filter, fluorescent signals
indicated tumor tissues and the nonfluorescent tissues indi-
cated normal tissues and could be visualized distinctively in
real-time. Most of the surgical time, the YELLOW 560 filter
was used by the neurosurgeon; only when it was necessary
to coagulate hemostasis using bipolar or get the biopsy
specimens, the microscope could be switched to white light
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illumination easily by pressing handgrip switch button. To
avoid the blurring visualization, neurosurgeons tried their
best to suck the operative field bleeding by an aspirator.
Sometimes, tumor was removed in an inside-out fashion
by ultrasonic aspiration until FL-guided tissue was removed
completely.

Follow-up examinations on clinical assessment patterns
covered most of the outpatient clinical follow-up, intermit-
tent inpatient clinical follow-up, telephone follow-up, cell
phone message follow-up, interview follow-up, WeChat or
Tencent QQ follow-up, and mailbox follow-up. Radiological
assessment was obtained within 1 month after the end of neu-
rosurgery and then 3 months and then every 6 months based
on outpatient clinical follow-up and intermittent inpatient
clinical follow-up only. The estimated clinical data incorpo-
rated the same evaluations and were performed at the preop-
erative and postoperative appraisement duration of hospital-
ization. Imaging follow-up was performed by incorporating
with the MRI with and without gadolinium-enhancement
(Philips Ingenia 3.0 T). The occurrence of new gadolinium-
enhancing area of MRI greater than 0.175 cm3 was defined as
progression based on FLUOGLIO [16] and RANO criteria
[21]. The side effects involved during the administration
of fluorescein after general anesthesia such as hypotension,
seizures, bronchospasm, or anaphylaxis could be estimated
for objective findings.

Biopsy specimens were obtained and then labeled as
“none,” “low,” and “high” density based on the surgeon’s
visualization from real-time intraoperativemicroscope. “Pos-
itive” FL (+) was defined as “low” and “high” density tissues,
while “negative” FL (−) was defined as “none” density tissues.
Biopsy tissues were fixed in 10% formalin and embedded in
paraffin for standard pathological analysis. One-8 random
biopsy specimens from each patient were obtained at the
tumor margin areas, which was defined by FL and T1-
weighted CE neuronavigation guidance. Consequently 89
biopsy specimens were obtained to calculate the sensitivity
and specificity, and we also documented the correlation
between FL-guided tumor margin and T1-weighted CE MRI
margin. Tumor core biopsies were not included for our
purpose of study. In these specimens, histological analysis
was performed to discriminate between tumor tissue (includ-
ing blank tumor and peritumoral area [gliosis or tumor
cell infiltration]) and nontumor tissue; GFAP (glial fibrillary
acidic protein) and Ki 67 (MIB-1, for the proliferation index)
were also performed by immunohistochemistry.

Mean, median, and standard deviation were used to
describe continuous variables. True-positive fluorescent sam-
ple (TPFS) was defined as the samples obtained in FL (+)
intraoperatively and then confirmed the MGs by histology
postoperatively (including gliosis or tumor cell infiltration on
histology). True-negative nonfluorescent sample (TNFS) was
defined as the samples obtained in FL (−) intraoperatively
and then the non-MG tissues were confirmed by histological
analysis postoperatively. Sensitivity was defined as the ratio
of TPFS and all samples with confirmedMG intraoperatively.
Specificity was defined as the ratio of TNFS and all samples
that confirmed non-MG histologically. PFS was defined as
the time of surgery until MGs was recurrent radiologically

or death/last follow-up. Six-month PFS was defined as the
PFS at the 6th month after surgery. Overall survival (OS) was
defined as the time between the first surgery until death or
last follow-up. PFS and OS were employed by Kaplan-Meier
means using GraphPad Prism 7.0 software (GraphPad, La
Jolla, CA, USA).

3. Results

Thirty-eight consecutive patients (19 male and 19 female,
median age 50.3 years, range 26 to 71 years) were screened
for participation from January 2014 to December 2016 in
our series. Two diffuse astrocytomas (WHO grade II) with
partial anaplastic astrocytomas (WHO grade III), 1 gemis-
tocytic astrocytoma with partial anaplastic astrocytomas
(WHO grade III), 3 oligodendrogliomas (WHO grade III),
4 anaplastic astrocytomas (WHO grade III), and 28 GBMs
(WHO grade IV) were obtained by pathology (summarized
in Table 1).

The FL dye passes through the broken BBB and accumu-
lated in the extracellular space of MGs. Based on this mech-
anism, the pathological tissue of MGs could be visualized
the same as themechanismof gadolinium-enhancementMRI
when performing before operation. After induction of anes-
thesia and before skin incision, FLwas injected intravenously.
We used 3mg/kg FL for the first 28 cases and 2mg/kg FL
for the other 10 cases and obtained homologous imaging
(Figures 1 and 2). During the time period of craniotomy or
dural opening, about 20–40mins after the administration, we
believe that the FL was accumulated in the tumor tissues and
did not leak in the normal cerebral areas. After craniotomy,
under the YELLOW 560 nm filter, the dura was enhanced
with FL in all the cases. Tumor tissue presented bright yellow
fluorescence, especially in the CE region according to the
neuronavigation, while necrotic part of the tumor appeared
“low” or “none” fluorescence. The liquid inside the cyst
of the tumor in some cystic cases also was dyed brightly
by FL and was brighter than the intraventricular fluid that
was not involved in the tumor tissues, even though normal
intraventricular fluid was presented with some special fluo-
rescence. YELLOW 560 modules of Pentero 900 microscope
could be employed conveniently to discriminate between
the fluorescent and nonfluorescent tissues even though at
very low-dose levels. Most of the surgery time procedure
could be performed under the filter, and with the handgrip
switch button, the time could be saved obviously for switching
between white light and fluorescence mode during tumor
removal.

Median tumor volume was 64.7 cm3 (range 6.0–
386.0 cm3) based on preoperative MRI. 35 cases (92.1%)
(Figures 2 and 3 and Table 1) were completely removed as
all CE regions disappeared postoperatively. The extent of
tumor resection was 90.4% (range 82.9%–99.6%) in the
residual tumor cases (Figure 4 and Table 1). Intraoperatively,
89 random biopsies (54 FL [+], 35 FL [−]) were obtained
both in and out of tumor margins according to FL-guidance.
The sensitivity and specificity of FL were 94.4% and
88.6%, respectively (51 TPFS and 31 TNFS), regardless
of radiographic localization. Then we choose cases with
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Table 1: Clinical characteristics in summary.

Number Age/sex Symptoms/signs Localization Tumor size
(cm3) Pathology % of

resection
Number of
biopsies

(1) 67F Headache, aphasia LT/P/O 179.52 GBM 100 1
(2) 47M Seizure, somnolence LT/P/O 70.56 GBM 100 1
(3) 38M Headache, dizziness, blurred vision LP/O 18 GBM 100 1
(4) 57M Headache, dizziness RF 40.18 GBM 100 1
(5) 30F Headache, vomit RTP 50.975 GBM 100 1
(6) 32F Headache LF/T 51.324 GBM 100 1
(7) 61M Headache, dizziness RT/O 23.161 GBM 100 1
(8) 51M Headache, vomit, somnolence BF 62.54 GBM 100 1
(9) 64F Headache, dizziness RF 65.52 GBM 100 1
(10) 42M Aconuresis, IICP RF 221.4 GBM 100 1
(11) 42M Seizure RF 15.732 AA (WHO III) 100 4
(12) 71F Headache, somnolence RT/P 126.759 GBM 100 2
(13) 49M Recurrent RF 26.4 DA (partial AA, WHO III) 100 7
(14) 62F Aphasia, right prosopoplegia LF 68.04 GBM 100 3
(15) 48F Headache, left hemiparesis LF/T/I 84.48 GBM 100 5
(16) 66M Headache, somnolence LP/O 122.4 GBM 88.6 6
(17) 36F Headache, IICP RF/T 28.7 GA (partial AA, WHO III) 100 2
(18) 50F Headache, left hemiparesis, IICP RF 37.44 GBM 100 2
(19) 71F Left hemiparesis LF/P 36 GBM 100 5
(20) 49M Seizure RF 70.119 OD (WHO III) 100 5
(21) 35M Seizure LF 49.02 OD (WHO III) 100 2
(22) 49F Recurrent RF/T/I 94.875 rGBM 99.6 4
(23) 58M Seizure LF 6.048 GBM 100 1
(24) 41F Headache, aphasia LF/T/P 81.567 AA (WHO III) 100 3
(25) 61F Seizure RF/T/I 21.06 DA (partial AA, WHO III) 100 2
(26) 26F Seizure LF 44 OD (WHO III) 100 4
(27) 34F Recurrent LF 13.888 rGBM 100 8
(28) 45M Seizure, left hemiparesis RP 36 AA (WHO III) 100 2
(29) 42F Nausea, IICP RT 30.636 AA (WHO III) 100 1
(30) 32M Seizure, right tendon hyperreflexia LF 13.32 GBM 100 3
(31) 63M Headache, somnolence RF 23.826 GBM 100 1
(32) 65M Headache, somnolence LF 28.35 GBM 100 1
(33) 62F Headache, somnolence LF/T 40.572 GBM 100 1
(34) 46M Headache, coma RT/P/O 80.276 GBM 82.9 1
(35) 46M Recurrent RT/P/O 385.92 GBM 100 1

(36) 61M Memory deterioration, visual field
defect LT 56.925 GBM 100 1

(37) 56F Headache RP 19.448 GBM 100 1
(38) 56F Headache, left hemiparesis RPO 32.2 GBM 100 1
F: female, M: male, L: left, R: right, T: temporal lobe, P: parietal lobe, O: occipital lobe, I: insular lobe, GBM: glioblastoma multiforme, rGBM: recurrent
glioblastoma multiforme, AA: anaplastic astrocytoma, DA: diffuse astrocytomas, OD: oligodendrogliomas, and GA: gemistocytic astrocytoma.

superficial tumor of the lobes and without invasion of
ventricles of brain and releasing of the cerebrospinal fluid
during surgery to study FL in CE and NCE region based on
T1 weighted MRI.These cases have less possibility with brain
shift. Nine cases (cases (13), (15)–(21), and (27)) that have
registered in neuronavigation were chosen. We randomly

choose pathological biopsies in the MRI-T1 CE and NCE
regions. Forty-two biopsies were obtained, including 28
FL[+], 14 FL[−]. Fourteen FL[−] biopsies were obtained from
NCE region based on T1 weighted MRI. Of the 28 FL[+]
biopsies, there are some biopsies from CE region and some
from NCE region. Eighteen FL[+] biopsies (18/28 FL[+])
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Figure 1: Case (30). (a) Intraoperative imaging based on T1-weighted gadolinium-enhancement MRI navigation during resection of a left
frontal GBM. Non-contrast-enhancement region (NCE, blue line) in margin of tumor was obtained according to the navigation indicated.
At the same time, the same region (NCE) presented high fluorescence yellow color ((b) black arrow) under the YELLOW 560 filter, and it is
feasible to visualize the area of tumor ((b) tumor) that needed to be resected ((b) black arrow and tumor) and distinguished from the normal
region ((b) Nor). Tumor was confirmed as GBM ((c) under microscope X 100) by pathology postoperatively. Biopsy specimen was obtained
from NCE region ((b) black arrow), pathology was employed postoperatively and confirmed as gliocyte proliferation (under microscope (d)
HE-stained ×200, (e) GFAP-stained ×100, and (f) Ki 67-stained ×100).

were obtained from CE region based on T1 weighted MRI
and they were all confirmed as tumor tissue. Ten FL[+]
biopsies (10/28 FL[+]) including 2 MGs, 7 gliosis or tumor
cell infiltrations, and 1 normal cerebral tissues on histology
were obtained from NCE region based on T1 weighted MRI
and they showed “low” or “high” fluorescence under the
microscope (Figure 1 and Table 1).

No side effects of fluorescein administration were
observed in the patients. Three epileptic seizure cases were
observed during the early postoperative period (during 1
month after surgery) andwere considered to be involvedwith
preoperative morbid state of the patients (case (11)).

Thirty-five patients (92.1%, 35/38) were followed up; 3
patients (case (7), (14), and (21)) were lost to follow-up.
Completion of Stupp protocol was achieved in twenty-three
patients (23/35) postoperatively. Seven cases of WHO grade
III and 2 cases with recurrent GBM were excluded. The
cases that have accepted the initial treatment and complete
completion of radiotherapy and chemotherapy and comple-
tion of Stupp protocol were 14 cases. A median follow-up
of 10.1 months (range 3–24 months) was obtained, and the
6-month PFS was 92.3% (81.2%–91.1%) (Figure 4). During
the follow-up period, eight patients died due to progressive
tumors (7 cases, cases (2), (3), (5), (9), (15), (16), and (18))
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Figure 2: Case (30). (a) Preoperative axial, sagittal, and coronal T1-weighted gadolinium-enhancementMR image revealed a left frontal GBM
(tumor volume 13.32 cm3). (b) Postoperative (in 24 hours after surgery) axial T1-weighted gadolinium-enhancement MR image, revealing a
gross total resection of the tumor without any area of CE region. (c) intraoperative view under YELLOW 560 filter revealing biopsy specimen
was obtained beyond the margin of FL-labeled area. (d) Pathological image results revealed almost normal brain tissues (red arrow) and only
a few gliocyte proliferation cells (black arrow) were obtained from the region beyond margin of the FL-labeled area (c).

or uncorrelated factors (such as severe pneumonia in one
case, case (1)). The calculated median survival was 11 months
(Figure 5).

4. Discussion

Safe maximal resection is an essential predictor for preferable
prognosis and lower recurrence of MGs, but precisely total
resection of tumor is still a great challenge due to the
infiltrated character ofMGs. Improvement of themicroscope
in neurosurgery and choosing a reasonable treatment strategy
forMGs are extremely important factors. After first attempt to
explore the novel label for intracranial tumors byMoore et al.

[9, 10], they resected 46 intracranial tumors under ordinary
illumination, then examined the residual cavity under the
ultraviolet lamp, and consequently obtained only a rough
assessment result of FL valuation for brain tumor diagnosis.
Murray ameliorated the procedure and employed a special
arc-lighting system that concatenated with the surgical head-
light to resect the fluorescein-stained tissues under dynamic
conditions [22]. By both techniques, because of the light
source system and the imaging system disadvantages, none
of these produced satisfactory fluorescent imaging results
especially in the boundary of tumor-normal tissues. Kuroiwa
employed FL-guided neurosurgery for 10 MGs using a dose
of 8mg/kg bodyweight under the microscope including two
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Figure 3: Case (6). (a) Preoperative axial, sagittal, and coronal T1-weighted gadolinium-enhancement MR image revealed a left frontal GBM
(tumor volume 51.3 cm3). (b) Postoperative (in 72 hours after surgery) axial, sagittal, and coronal T1-weighted gadolinium-enhancement
MR image revealed a gross total resection of tumor without any area of CE region. (c) Follow-up axial, sagittal, and coronal T1-weighted
gadolinium-enhancement MR image that was obtained 24 months after surgery revealing tumor recurrence. (d) Postoperative (in 72 hours
after surgery) axial, sagittal, and coronal T1-weighted gadolinium-enhancement MR image revealed a gross total resection of tumor without
any area of CE region.

sections of insertion and obtained clearer image compared
to the above both groups and totally resected 80% (8/10
cases) of the intracranial tumors according to the postoper-
ative CT/MRI enhancement. However, the group had never
developed any advanced special microscope with special

filter for FL-guided surgery. A modern surgical microscope
of PENTERO 900 (Carl Zeiss Meditec) with a new special
barrier filter (YELLOW 560 nm), designed according to the
characters of fluorescein dye with a peak excitation at 465
to 490 nm and emission between 500 and 550 nm, had been
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Figure 4: Kaplan-Meier curve of progression-free survival.
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Figure 5: Kaplan-Meier curve of overall survival.

employed for FL-guided surgery with very low dosage (3-
4mg/kg bodyweight) by Schebesh et al. They reported their
first experience with 35 heterogeneous patients with total
resection of 80% according to the analysis of volumetric data,
which meant a gross total resection of >95% of the contrast-
enhancing tumor, but no further details were reported [13].
Acerbi et al. noted that the new filter with YELLOW 560 nm
could supply a higher specificity to the filter characteristics, a
better delineation of the fluorescent dyed tissues and a contin-
uous fluorescent condition compared to YELLOW 400 (Pen-
tero with Fluorescence Kit, Carl Zeiss, Germany). Using FL-
guided surgery, 12 glioblastomas were completely removed in
75% of the patients according to the volumetric analysis at
a dose of 5mg/kg bodyweight under the YELLOW 560 nm
surgical microscope filter compared to 10mg/kg bodyweight
under YELLOW 400 [12]. In their prospective phase II trial
(FLUOGLIO) in 2014, a gross total removal was achieved
in 80% of 20 consecutive patients with high-grade gliomas
(HGGs) based on volumetric analysis; sensitivity of 94% and
specificity of 89.5%, respectively, were also reported. And
this helped them to make further efforts, which showed a 6-
month PFS rate of 71.4% and 11-month median survival [16].
Recently, at a dose of 3mg/kg bodyweight, Diaz et al. reported
12 patients who underwent resection of MGs guided by

FL. The results showed total resection of 100%, sensitivity
of 82.2%, and specificity of 90.9%, respectively [18]. Justin
A obtained total removal of 93.1% at the same dose and
sensitivity of 87.9% who underwent aggressive resection
facilitated by FL-guidance for GBMs or recurrent GBMs.
No specificity was calculated because of the lack of TNS in
their study. In our series, all 38 patients who were suffering
with MGs underwent FL-guided surgery under the YEL-
LOW 560 nm surgical microscope filter. FL enhancement
was observed unambiguously in all MGs depending on the
preoperative MRI-contrast-enhancement regions and intra-
operative neuronavigation; even though the dosewas reduced
to 2mg/kg bodyweight, the results showed advantages of
YELLOW 560 nm filter. Consequently, GTR of 92.1% (35/38)
was accomplished according to our aggressive resection
strategy and volume analysis; even in the residual tumor cases
the tumor removal rate achieved 90.4% in volume (range
82.9%–99.6%). Regardless of neuronavigation based on T1
weighted MRI, the sensitivity and specificity of FL could be
calculated as 94.4% and 88.6%, respectively. No side effects
and adverse reactions related to FL administration were
observed, though anaphylactic reactions had been reported
in literature related to higher doses [14, 15].

Preoperative gadolinium-enhancement MRI was consid-
ered to be the BBB disruption label, which also has been
the fundamental strategy for GTR of MGs depending on
postoperative gadolinium-enhancement MRI till now. But
even 2 cm region outside the margin of MGs resulted in the
recurrence and poor prognosis rates and attributed to the
infiltrated character of MGs, which had been identified by
many studies [6, 23, 24]. FL is considered to be another BBB
disruption label that especially acts as an intraoperative real-
time visualization agent. This had been supported by several
previous studies [6, 23, 24] and identified in in vitro and
in vivo models by Diaz et al. [18]. In our study, FL-guided
surgery when combined with neuronavigation (BrainLab)
produced fluorescein staining of 100%not only in CE regions,
identified by pathological biopsies, but also in the NCE
regions (10/28). The phenomenon may be related to the
differential permeability profiles of fluorescein and gadolin-
ium according to different molecular sizes and pathological
correlation of tumors [18]. Furthermore, the “gliosis or tumor
cell infiltration” in pathological diagnosis was obtained in the
margin outside CE regions, which may result in the recur-
rence and poor prognosis and was classified as “negative” in
previous studies [18]. In the largest nonvolumetric studies
regarding the extent of resection of high-grade gliomas [23],
GTR showed significant survival advantages compared to the
near-total resection and additional resection of NCE regions,
which in turn may contribute to a significant added survival
advantage. Above all, fluorescein stained region could be
including and larger than the CE region; residual tumors in
bothmight result in the recurrence and poor prognosis.Thus,
safe and aggressive or super-total resection of MGs should be
evolved in order to achieve safe andmaximal resection, which
could be deemed to the reasonable treatment strategy for
MGs. Neuronavigation depended on the preoperative imag-
ing plan, which provided neuroanatomy information during
operation, but its disadvantages especially when being used
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solely, such as brain shift, accurate preoperative registration,
and reliance on preoperative enhancement to identify tumor
boundary, impeded real-time guiding resection of tumors
intraoperatively. In our experience, combining neuronaviga-
tionwith the standard procedure under theYELLOW560nm
surgical microscope filter, aggressive resection could be safe
and reliable, which in turn is facilitated by FL-guidance.Thus,
we also paid attention to the NCE regions of T1 weighted
MRI, and mostly FL-stained biopsies showed “low” fluores-
cence inNCE regions (10/28 FL[+]) but confirmed 2MGs and
7 gliosis or tumor cell infiltrations on pathology (Figure 1),
even though 1 was confirmed as normal cerebral tissue at
the margin of the tumor. However, it should not be ignored
regarding the fact that the mechanism of FL accumulation in
the intercellular space was related to the passage through a
broken BBB, and not as label of high-grade glial cells, just as
our investigation in NCE regions. Nonetheless, this cellular
reduction procedure on our aggressive resection purpose
may still further the progress due to its larger region than the
CE region and included more MG cells, which may result in
the recurrence, though FL-labeled region may not include all
the cells of MGs.

Our median follow-up period of 10.1 months was short
termduration and still limited to a retrospective study though
we have the strict inclusion and exclusion criteria according
to the FLUOGLIO. Thus, it was not sufficient to come to
a final conclusion based on long-term outcomes, but our
preliminary results showed 92.3% estimated 6-month PFS
without disease progression. Furthermore, our data showed
even higher PFS (92.3% versus 71.4%) and similar median
survival (11 months versus 11 months) rates compared with
FLUOGLIO data.The reasonmight be due to the inclusion of
many complicated factors, and one such is the intraoperative
aggressive resection strategy used, which in turn may reduce
moreMG cells and decrease the potential risk of tumor recur-
rence though the exact reason was not precisely included in
our study.

Published protocols about 5-ALA-guidance, including a
randomized controlled multicentre phase III trial by Stum-
mer et al. [6], described as a time-consuming procedure,
should be administrated preoperatively (before 3–6 hours),
and patients should also be shielded from sunlight postoper-
atively for 48-hour period. The best timing of i.v. FL before
resection was also considered in the previous studies [12, 13].
In our experience, after the anesthesia induction, 2mg/kg
bodyweight FL (10%) was injected intravenously and was
left to note an appropriate permitting time to discriminate
the tumors and brain tissues. Furthermore, under Pentero
900, the time of operation had also been saved in order to
obtain navigation useful period of FL-guidance due to its
convenient to switch back and forth between white light and
the filter apparatus. FL requires significantly less time from
the time of administration for visualization compared with
5-ALA [11]. Because of these advantages, FL-guidance may
be more suitable for extensive promotion especially during
emergency operations compared to 5-ALA guidance. The
extensive use of this new technology should also balance
between the safety and efficacy of available interventions
and the current socioeconomic milieu of treatment strategy

for MGs. 5-ALA is available as an approved drug for the
malignant glioma [6]. The phase II clinical trials were only
done for FL [12]. However, the FL has been used for brain
tumor biopsy in early years, so there is no problem in
security of FL [9, 10]. Our results have been helpful for the
accumulation of FL success clinical materials in the applica-
tion of malignant glioma. 5-ALA costs approximately 950€
for one application, whereas FL costs 25€ only [13]. Special
equipment (surgicalmicroscope filter) for 5-ALA is alsomore
expensive compared with the YELLOWmodule.

5. Conclusion

In conclusion, FL-guided neurosurgery was based on the
mechanism of accumulated FL in the intercellular space
through broken BBB. This when combined with T1 weighted
contrast-enhancement neuronavigationwas proved to be safe
and effective in the resection of MGs. Under the strategy of
aggressive resection, it was feasible to achieve cell reduction
resection based on postoperative T1 weighted CE MRI,
which was further confirmed by pathology and may obtain
preferable prognosis though there was no control group to
compare in our study.
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