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BACKGROUND: Accurate tissue sampling in nonenhancing (NE) gliomas is a unique
surgical challenge due to their intratumoral histological heterogeneity and absence
of contrast enhancement as a guide for intraoperative stereotactic guidance. Instead,
T2/fluid-attenuated inversion-recovery (FLAIR) hyperintensity on MRI is commonly used
as an imaging surrogate for pathological tissue, but sampling from this region can yield
nondiagnostic or underdiagnostic brain tissue. Sodium fluorescein is an intraoperative
fluorescent dye that has a high predictive value for tumor identification in areas of contrast
enhancement and NE in glioblastomas. However, the underlying histopathological alter-
ations in fluorescent regions of NE gliomas remain undefined.
OBJECTIVE: To evaluate whether fluorescein can identify diagnostic tissue and differ-
entiate regions with higher malignant potential during surgery for NE gliomas, thus
improving sampling accuracy.
METHODS: Thirteen patients who presented with NE, T2/FLAIR hyperintense lesions
suspicious for glioma received fluorescein (10%, 3 mg/kg intravenously) during surgical
resection.
RESULTS: Patchy fluorescence was identified within the T2/FLAIR hyperintense area in 10
of 13 (77%) patients. Samples taken from fluorescent regions were more likely to demon-
strate diagnostic glioma tissue and cytologic atypia (P < .05). Fluorescein demonstrated a
95% positive predictive value for the presence of diagnostic tissue. Samples from areas of
fluorescence also demonstrated greater total cell density and higher Ki-67 labeling than
nonfluorescent biopsies (P < .05).
CONCLUSION: Fluorescence in NE gliomas is highly predictive of diagnostic tumor tissue
and regions of higher cell density and proliferative activity.
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A ccurate sampling of tumor tissue repre-
sentative of a lesion’s highest malignant
potential is a critical component of the

surgical management of diffusely infiltrating
gliomas. However, the histological hetero-
geneity of these lesions, with regions of brain
parenchyma intermixed with variable amounts
of infiltrating tumor cells, confers a substantial
risk of sampling error.1-4 Failing to identify
regions containing these variable and subtle

ABBREVIATIONS: 5-ALA, 5-aminolevulinic acid;
CE, contrast enhancement; FLAIR, fluid-attenuated
inversion-recovery; H&E, hematoxylin and eosin;
HGG, high-grade gliomas; NE, nonenhancing; PPV,
predictive value;WHO,World Health Organization

alterations may result in clinical undergrading
and less aggressive therapies.5-8 Thus, an intra-
operative guide toward tissue that adequately
represents these pathological changes would
improve sampling accuracy, which may aid in
the proper characterization of these tumors and
better inform adjuvant treatments.
In the surgical management of high-grade

gliomas, frameless stereotactic navigation
permits targeting of regions of abnormal contrast
enhancement (CE), as these areas represent the
most malignant tissue within the tumor.9
However, most World Health Organization
(WHO) grade II and many grade III gliomas
are nonenhancing (NE), posing a unique
challenge to the intraoperative identification of
pathological tissue.2,10-12 In the absence of CE,
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T2/fluid-attenuated inversion-recovery (FLAIR) hyperintensity
is a commonly used surrogate for pathological tissue due to its
sensitivity to the presence of tumor.10 This technique is still
limited, however, as FLAIR is nonspecific in distinguishing areas
of tumor tissue from edema or identifying areas with higher-grade
features.9,13,14 Additionally, while alternative imaging sequences
such as positron emission tomographic- MRI and perfusion-
weighted imaging have shown some promise for identifying NE
tumors,3,15 these sequences are not routinely performed at many
centers and, when available, remain limited by intraoperative
brain shift and deformation.16-18 As a result, common imaging
sequences provide no reliable guidance for tissue sampling within
NE lesions.9,19-22
In contrast, intraoperative guidance using the fluorescent

derivative of 5-aminolevulinic acid (5-ALA), protoporphyrin
IX, has offered promise for this purpose due to its speci-
ficity for anaplastic tissue.16,23 Unfortunately, high cost and
lack of FDA approval has limited its use in the United States.
Sodium fluorescein, however, is an alternative fluorophore that
is inexpensive, biosafe and FDA-approved.24 Following intra-
venous injection, fluorescein extravasates in areas of blood–
brain barrier breakdown, permitting its identification intra-
operatively.25,26 Within neurosurgery, it has primarily facili-
tated the identification of CE regions in high-grade gliomas
(HGGs).26-28 Interestingly, fluorescence has been shown to
extend into NE regions in many HGGs, suggesting utility in
the identification of NE pathological tissue,29 possibly through
radiographically occult disruptions in the tumor vasculature.30
While fluorescein fluorescence has been reported in grade II
and III gliomas that demonstrate CE,27 there are no previous
studies assessing the role of fluorescein in the resection of NE
gliomas.
The purpose of this study is to evaluate whether fluorescein

can improve sampling accuracy by identifying diagnostic tissue
and differentiating regions with higher malignant potential
during surgery for NE gliomas. We compare histopathological
characteristics of samples from fluorescent and nonfluorescent
regions to define the predictive value of fluorescein in identi-
fying tumor tissue and investigate whether fluorescein staining
corresponds to regions with more malignant features within
the tumor. We hypothesize that fluorescein helps identify
diagnostic glioma tissue and tissue with more malignant histo-
logical features. Consequently, we propose that fluorescein
is a useful intraoperative guide for tissue sampling in NE
gliomas.

METHODS

Patient Selection
Patients with previously untreated, NE, T2/FLAIR-hyperintense

lesions concerning for glioma as seen on preoperative MRI were prospec-
tively enrolled to undergo fluorescein-guided resection as part of an Insti-
tutional Review Board-approved study between October 2013 and April
2015. Written informed consent was obtained from all patients.

Operative Protocol and Biopsy Acquisition
All enrolled patients underwent craniotomy and open surgical

resection for presumed gliomas. Fluorescein sodium 10% (Alcon Labora-
tories, Fort Worth, Texas) was administered intravenously at a dose of
3 mg/kg at the time of skin incision or at a second time point immedi-
ately following durotomy and visualization of the presumed lesion.
When given intraoperatively, a short period of time was allowed to
permit washout of sodium fluorescein from normal brain under direct
visualization. An operating microscope outfitted with both a fluores-
cence filter (ex. 460-500 nm, em. 540-690 nm) and unfiltered white
light illumination (OPMI Pentero 900 with YELLOW560 fluores-
cence visualization kit, Carl Zeiss, Jena, Germany; M525 OH4, Leica
Biosystems, Nussloch, Germany) was used for intraoperative visual-
ization of fluorescein-stained tissue. Only tissue identified as within the
tumor, by gross visual appearance or with intraoperative navigation corre-
lating to T2/FLAIR abnormality, was targeted for resection and evaluated
for fluorescence. The presence or absence of fluorescence was determined
by the attending neurosurgeon at the time of sampling. Fluorescent
and nonfluorescent tissue samples were taken from within the tumor and
processed for analysis.

Histopathological Processing
Tissue samples were fixed in 10% (vol/vol) formalin and embedded

in paraffin. Serial sections were stained with hematoxylin and eosin
(H&E) and Ki67 antibody (Ki67 8D5 anti-mouse antibody, Cell
Signaling Technology, Danvers, Massachusetts). All H&E-stained slides
were scanned and digitalized to BigTIFF files at a resolution of ×40
magnification using a Leica SCN400 system (Leica Biosystems Inc,
Buffalo Grove, Illinois).

Histopathological Analysis
Two blinded neuropathologists evaluated the H&E-stained section

of each specimen for 4 neoplastic characteristics. Cytologic atypia was
scored as absent, minimal/modest, or marked. Mitotic figures, microvas-
cular proliferation, and necrosis were scored as absent or present.
Together with a subjective assessment of cell density, each sample was
classified as either nondiagnostic or diagnostic of glioma.

Cell density was measured for each H&E-stained section using a
custom Matlab 2015b (Mathworks, Natick, Massachusetts) automated
counting algorithm that iteratively processes tiles of high-powered fields.
Cell density measures were calculated by counting the number of
hematoxylin-stained nuclei within each high-powered field until the
entire tissue area was counted. Ki67 labeling index was the fraction of
cells that were handcounted as positive for antibody staining over 1000
cells in the area of highest labeling as determined by visual inspection at
low magnification.

Statistical Analysis
Chi-squared tests were performed to compare the relationships of the

categorical histopathological characteristics of fluorescent and nonfluo-
rescent tissue. Due to the long right tail of cell density and Ki67 labeling
measures, all normal statistics were performed on the logarithm of the cell
density and Ki67 labeling index. Unpaired Student t tests were performed
on these continuous variables. The positive predictive value (PPV) of
fluorescein was defined as the probability that a sample taken from a
fluorescent region contains tissue diagnostic of glioma. A P value of<.05
was considered significant.
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FIGURE1. MRI demonstrating nonenhancing glioma. Representative preop-
erative MRI demonstrating a T1 hypointense A, nonenhancing B, T2 hyper-
intense C lesion in the left frontal lobe suspicious for glioma.

RESULTS

Fluorescein Stains NE Gliomas
Thirteen patients underwent fluorescein-guided resection of

NE T2/FLAIR hyperintense lesions concerning for gliomas
(Figure 1). Demographic information for these patients is located
in Table 1. The median age was 48 yr, including 6 males and 7
females. Based on clinical review of the entire resection specimen
by neuropathology, 6 patients received a diagnosis ofWHO grade
II glioma, and 7 patients had a diagnosis of WHO grade III
glioma. Ten patients received fluorescein prior to skin incision
(mean time to first biopsy of 80 min; range 28-150 min). In
an effort to compare the effects of time on the use of sodium
fluorescein, 3 patients received fluorescein at a time point closer
to resection (mean time to first biopsy of 10 min, range 8-15
min). Regions of fluorescence were identified intraoperatively in
10 (76.9%) patients overall, occurring in 5 of 6 (83.3%) patients
with grade II gliomas and 5 of 7 (71.4%) patients with grade III
gliomas (χ2 test, P = .612, Figure 2). No patients experienced
adverse effects related to the administration of fluorescein.

Fluorescein Facilitates Identification of Diagnostic
Glioma Tissue
A total of 42 tissue samples were taken from areas of T2/FLAIR

hyperintensity concerning for tumor during surgical resection.
Twenty specimens were from areas of fluorescence, while 22 were
from nonfluorescent regions. Tissue determined to be definitively

TABLE 1. Demographic and Biopsy Information for Patients Enrolled in Fluorescein-Guided Tumor Resection

ID Sex Age (yr) Loc. Diag. WHO grade FL±? Biopsies # FL biopsies

1 F 36 LF O II Y 3 2
2 M 48 RF/T O II N 3 0
3 F 29 LF O II Y 6 3
4 M 31 LT O II Y 5 2
5 F 29 LF O II Y 2 1
6 M 61 RT A II Y 2 1
7 M 31 RT AO III Y 2 1
8 F 62 LT AA III Y 3 3
9 F 69 RF AO III Y 4 3
10 M 68 RF AO III Y 5 3
11 M 49 RP AO III Y 3 1
12 F 40 RT AA III N 2 0
13 M 52 LF AA III N 2 0
All 6F 46.5 (mean) 10Y 13 patients 10 patients

7M 3N 42 biopsies 20 biopsies
Grade II 3F 39 (mean) 5Y 6 patients 5 patients

3M 1N 21 biopsies 9 biopsies
Grade III 3F 53 (mean) 5Y 7 patients 5 patients

4M 2N 21 biopsies 11 biopsies

Loc.= tumor location, L= left, R= right, F= frontal, T= temporal, P= parietal; Diag.= diagnosis, O= oligodendroglioma, A= astrocytoma, AO= anaplastic oligodendroglioma,
AA = anaplastic astrocytoma; FL+? = fluorescein staining of the tumor, Y = fluorescein staining seen, N = no fluorescein staining seen.
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FIGURE2. Acquisition of fluorescent and nonfluorescent biopsies from a nonenhancing anaplastic oligodendroglioma and comparison
of their histological features. Axial image from the T1-weighted, postcontrast A and T2-weighted B sequences of this patient’s preop-
erative MRI demonstrate a nonenhancing lesion in the right parietal lobe. Intraoperative photographs showing sampling (between
tumor forceps) of a focus of fluorescent tissue C and nonfluorescent tissue D on the surface of the tumor. C, High-powered fields
from hematoxylin and eosin slides corresponding to the fluorescent tissue sample E and nonfluorescent tissue sample F demonstrating
relatively increased cellularity, cytologic atypia, microvascular proliferation, and a mitotic figure (red arrow) in the fluorescent tissue
sample. High-powered fields from Ki67-stained slides corresponding to fluorescentG and nonfluorescentH tissue samples show relatively
higher labeling index in the fluorescent tissue sample.
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FIGURE 3. Identification of diagnostic glioma tissue. Graphic representation of the probability of sampling diagnostic tumor tissue from
areas of fluorescence vs nonfluorescent areas. Samples from regions of fluorescence were significantly more likely to demonstrate diagnostic
glioma tissue in grade III tumors (P = .020) and among all tumors (P = .013).

TABLE 2. Presence of Diagnostic Glioma Tissue

Diagnostic tumor tissue (%)

Tumor type FL? # Pts # Bx Absent Present P value

Grade II FL 5 9 11.1 88.9 .237
NF 6 12 33.3 66.7

Grade III FL 5 11 0 100 .020
NF 6 10 40 60

All FL 10 20 5 95 .013
NF 12 22 36.4 63.6

FL? = fluorescent status; FL = fluorescent biopsies; NF = nonfluorescent biopsies; # Pts = number of patients; # Bx = number of biopsies.
Tissue samples from areas of fluorescence more readily demonstrated histological features of glioma than those from areas of nonfluorescence in grade III tumors and among all
tumors (P = .020, P = .013, respectively).

diagnostic of glioma was identified in 33 (78.6%) samples from
all tumors (Figure 3).
Overall, tissue samples from regions of fluorescence were more

likely to be diagnostic of glioma than tissue from nonfluo-
rescent regions (Figure 3; Table 2; χ2 test, P = .013). Diagnostic
glioma tissue was identified in 19 of 20 samples from regions of
fluorescence and 14 of 22 samples from nonfluorescent regions.
The PPV of fluorescein in identifying tumor was 95% with a
likelihood ratio of 5.182.
A subgroup analysis of grade II gliomas showed no signif-

icant difference in the identification of diagnostic glioma tissue
between samples taken from areas of fluorescence (8 of 9 samples)
and nonfluorescent samples (8 of 12; P = .237). Interestingly,
samples from regions of fluorescence in grade III gliomas were
more likely to contain diagnostic glioma tissue (11 of 11) than
nonfluorescent samples (6 of 10; P= .020). Thus, in grade III NE
gliomas, fluorescein staining predicted the presence of diagnostic
glioma tissue.

The Utility of Fluorescein May Be Time Dependent
Tissue samples from regions of fluorescence were significantly

more likely to be diagnostic of glioma than tissue from nonflu-
orescent regions in the 10 patients who received fluorescein
infusion at the time of skin incision (χ2 test, P = .034). Of

these, 18 of 18 (100%) samples from regions of fluorescence were
diagnostic of glioma, yielding a PPV for fluorescein of 100%,
while 14 of 18 (77.8%) samples from nonfluorescent areas were
diagnostic of glioma. In contrast, fluorescein offered no benefit
toward identifying diagnostic tumor tissue among patients who
received fluorescein intraoperatively (n= 3), with 1 (50%) sample
from a region of fluorescence and zero of 4 samples from nonflu-
orescent areas demonstrating diagnostic tissue (P = .121).

Fluorescein Staining Is AssociatedWithMoreMalignant
Histological Features
Samples from regions of fluorescence displayed a greater degree

of cytologic atypia than nonfluorescent samples (Figure 2, Table 3;
χ2 test, P= .027). Mitotic figures were rare and identified in only
5 of 20 fluorescent samples and 2 of 22 nonfluorescent samples
(P = .167). Microvascular proliferation was also rare, identified
in 4 of 20 fluorescent samples and 2 of 22 nonfluorescent samples
(P= .313). Necrosis was absent in all samples. Notably, subgroup
analysis by time point demonstrated no significant difference
in the association between these histopathological features and
fluorescence. In particular, tissue samples from regions of fluores-
cence in patients who received fluorescein at the time of skin
incision (n = 10) did not display a greater degree of cytologic
atypia (P = .051).
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TABLE 3. Frequency Distribution of Categorical Neoplastic Characteristics Among Fluorescent and Nonfluorescent Tissue Samples

Frequency distribution (%)

Neoplastic characteristic FL? # Pts # Bx 0 1 2 P value

Cytologic atypia FL 10 20 5 60 35 .027
NF 12 22 31.8 59.1 9.1

Mitotic figures FL 10 20 75 25 .167
NF 12 22 90.9 9.1

Microvascular proliferation FL 10 20 80 20 .313
NF 12 22 90.9 9.1

Necrosis FL 10 20 100 0 n/a
NF 12 22 100 0

FL? = fluorescent status; FL = fluorescent biopsies; NF = nonfluorescent biopsies; # Pts = number of patients; # Bx = number of biopsies; cytologic atypia scored as 0, 1, or 2 with
0 = absent, 1 = minimal/moderate, 2 = marked; mitotic figures, microvascular proliferation, and necrosis were scored as 0 or 1 with 0 = absent, 1 = present.
A higher degree of cytologic atypia was identified in fluorescent tissue than nonfluorescent tissue (P= .027). Differences in mitotic figures andmicrovascular proliferation were not
significant (P = .167, P = .313, respectively). Necrosis was not present in any of these grade II and III samples.

TABLE 4. Comparison of Continuous Neoplastic Characteristics Between Fluorescent and Nonfluorescent Biopsies

Neoplastic characteristic Tumor type FL? 25th%ile Median 75th%ile SD P value

Cell density Grade II FL 63 80 134.5 49.4 .029
NF 28.5 44.5 63 21.7

Grade III FL 96.3 140 158.3 42.1 .022
NF 30 63 102 59.1

All FL 69.4 118.5 156.3 48.5 <.001
NF 29 50.5 75.8 45.3

Proliferation index Grade II FL 1.68 1.85 2.40 1.79 .055
NF .55 .90 1.90 0.93

Grade III FL 1.45 2.50 8.40 10.29 .036
NF .23 .50 3.73 3.16

All FL 1.55 2.00 3.30 8.10 .003
NF .30 .80 2.50 2.30

FL?= fluorescent status; FL= fluorescent biopsies; NF= nonfluorescent biopsies; 25th%ile= twenty-fifth percentile; 75th%ile= seventy-fifth percentile; SD= standard deviation.
Cell density (total stained cells per high-powered field) was significantly higher in fluorescent samples from grade II, grade III, and among all samples (P= .029, P = .022, P < .001,
respectively). Proliferation index (Ki67 labeling percentage) was significantly higher in fluorescent samples from grade III and among all samples (P = .036, P = .003, respectively).

Overall, samples from regions of fluorescence demonstrated
higher cell density and Ki67 labeling than nonfluorescent samples
(Student t-test; P < .001 and P = .003, respectively; Figure 2,
Table 4). Cell density was also higher among fluorescent tissue
samples when sorted by tumor grade (grade II tumors, P =
.029; grade III tumors, P = .022). However, Ki67 labeling was
greater in fluorescent regions of grade III tumors (P = .036),
but not significantly greater in grade II tumors (P = .055).
Among patients who received fluorescein infusion at the time of
incision (n = 10), samples from regions of fluorescence demon-
strated higher cell density and Ki67 labeling (P = .002, P =
.003, respectively). However, there was no significant difference
between cell density and Ki67 labeling among patients who had
received fluorescein infusion closer to the time of resection (n =
3; P = .583 and P = .144, respectively).

DISCUSSION

Treatment algorithms for grade II and III gliomas are a matter
of debate,1 but accurate histopathological characterization of
these tumors remains an essential step in properly allocating
adjuvant treatments. However, the frequent presence of both
low- and high-grade elements within the same tumor entails a
substantial risk of obtaining nondiagnostic or underdiagnostic
tumor tissue.4-8 To complicate matters further, over 90% of
grade II gliomas and up to 55% of grade III gliomas lack
significant CE,10-12 thereby preventing intraoperative stereotactic
guidance from mitigating this risk.9,19,20,22,23 Thus, techniques
that facilitate reliable sampling in NE gliomas could significantly
impact diagnostic accuracy and may improve treatment of these
patients.
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Fluorescein accumulates in the extracellular space following
extravasation through a disrupted blood–brain barrier.26 This
mechanism has led to its use as an intraoperative guide toward
regions of CE in surgery for HGGs and other CE brain
tumors.24,26-28,31-33 However, our group recently reported that
fluorescein staining can often extend beyond the CE region
of glioblastoma, into the NE, infiltrative margins.29 Samples
from this area demonstrated a comparable specificity (96.2%)
for tumor-burdened tissue as those from CE areas (100%).29
However, it was not known whether fluorescein staining of
this NE tissue occurred due to a differential degree of vascular
disruption between CE and NE areas, differences in the
vascular permeability of fluorescein and gadolinium,34 nonspe-
cific diffusion of fluorescein through extracellular spaces over
time, or some combination thereof. While the mechanism under-
lying fluorescence in areas without gadolinium extravasation
remains unclear, fluorescein’s high predictive value in these
regions prompted investigation into entirely NE tumors. In the
current study, we compared histopathological characteristics of
fluorescent and nonfluorescent samples taken from NE gliomas
to evaluate the utility of fluorescein in guidance toward diagnostic
tissue as well as regions harboring more malignant histological
features.
Focal fluorescence was appreciated in most NE gliomas in this

study. Though we anticipated grade III lesions to demonstrate
a higher frequency of fluorescein staining due to their higher
malignant potential, there was no difference in the rate of staining
between grade II and grade III lesions. This insignificance may be
due to sample size or because these tumors have similar degrees
of permeability to fluorescein. Future studies comparing CE with
NE grade III lesions may be informative of the degrees of vascular
disruption required for fluorescein vs gadolinium extravasation.
The high rate of fluorescein staining observed in this study has

valuable implications in the comparison to 5-ALA. While 5-ALA
has shown efficacy in identifying focal areas of more malignant
tissue in grade III gliomas,2,16,23,35,36 5-ALA–induced fluores-
cence is very rarely seen in grade II gliomas.16,37 In contrast,
83.3% of grade II gliomas in this series exhibited focal fluorescein
staining. Furthermore, samples from these regions of fluores-
cence exhibited higher cell density than samples from nonfluo-
rescent areas. Thus, the high frequency with which fluorescein
stained both grade II and grade III gliomas in this study suggests
that it may provide assistance in the surgical management of
any NE lesions suspicious for glioma. As fluorescein has well-
documented biosafety38 and is low cost,39 easy to administer, and
FDA-approved in the United States, it offers a cheap and effective
alternative to 5-ALA for the management of NE and CE gliomas.
Fluorescein demonstrated a PPV for identifying diagnostic

glioma tissue of 95%. The relative utility of fluorescein guidance
is clear when compared with the rate at which nonfluorescent,
T2/FLAIR hyperintense tissue suspicious for tumor demon-
strated diagnostic glioma tissue (63.6%). Improved identifi-
cation of diagnostic tissue is particularly meaningful in these NE
gliomas, in which mild increases in cellularity and cellular atypia

are frequently the only pathological changes present. Fluorescent
tissue specimens also demonstrated features of a more malignant
phenotype than nonfluorescent tissue, with a greater degree of
cytologic atypia as well as higher cell density and proliferative
activity. Collectively, these findings suggest that fluorescein may
differentially label regions representative of increased malignant
potential. Pedeutour-Braccini et al1 previously reported on hyper-
cellular and highly proliferative microfoci within some grade II
gliomas, which, if present, were associated with decreased overall
survival. Similarly, the relative hypercellularity and high prolifer-
ation rates found in fluorescent regions suggest that the presence
of fluorescein staining may also carry prognostic significance in
glioma. Further investigation into the prognostic significance of
fluorescein staining in NE gliomas is thus warranted.
The optimum timing of fluorescein administration remains a

matter of debate, as it has not been the subject of a dedicated
study with histological correlation. Our group, and others that
use an operating microscope with fluorescent filter, commonly
administer fluorescein at the time of skin incision. This practice
has demonstrated reliability in identifying tumor-burdened tissue
in glioblastoma from 60 to 215 min.28,29 However, many groups
have reported success with administration following durotomy
and allowing for a 10-min washout period.40-42 Notably, the only
tissue sample taken from a region of fluorescence that did not
demonstrate definitive diagnostic glioma tissue was taken within
15 min following injection, whereas all 18 samples taken at least
30 min following injection contained diagnostic glioma tissue.
We believe this nondiagnostic sample may have confounded
the association between fluorescein and the identification of
diagnostic tissue in grade II gliomas. While the applicability of
these results is limited by sample size and potential differences
between tumor types, it does suggest that a sufficient period
of washout is necessary to ensure the accuracy of fluorescein
for labeling abnormal tissue. Dedicated study of this early time
window is warranted.
Maximal safe resection is becoming the favored approach in the

surgical management of lower grade gliomas.43 However, given
the patchy nature of fluorescein staining within these tumors,
this study strove to investigate fluorescein’s role in improving
the diagnostic accuracy and efficiency of pathological sampling,
rather than as a tool to facilitate maximal resection. Furthermore,
we sought to characterize these tumors’ histological heterogeneity
by identifying the pathological features associated with fluorescein
staining in the absence of CE. As no previous studies have
reported fluorescein staining in NE gliomas, it remains to be seen
whether fluorescein provides any benefit in maximizing extent of
resection in NE lesions. Our experience has shown such staining
to be limited to distinct patches of the tumor, suggesting to us
that, in NE gliomas, its utility may lie more in identification of
tissue with more malignant potential within these tumors than
in guidance toward the margins of resection. Given the accepted
benefits of maximal safe resection,43 fluorescein should serve as
a supplement to other surgical adjuncts commonly employed for
that purpose, such as intraoperative MRI, functional MRI, and
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intraoperative cortical mapping43 according to institutional
preference or clinical necessity.
Even so, the improved accuracy offered by fluorescein-

guided sampling is beneficial in several clinical scenarios. While
immunohistochemical staining, such as isocitrate dehydrogenase
1 antibodies, has facilitated the identification of tumor cells,5
some scenarios necessitate evaluation with H&E-stained sections
only. For example, the accuracy of intraoperative diagnosis, which
may influence the neurosurgeon’s intraoperative decision making,
could be greatly improved by the reliable targeting of diagnostic
tissue. While larger sections and additional stains available
for postoperative review often improve diagnostic accuracy by
“upgrading” lesions,19 the diagnosis and grade assigned are still
based on a limited fraction of the total specimen. Thus, intraop-
erative guidance with fluorescein could help optimize diagnostic
evaluation at this stage as well by targeting tissue with relatively
higher cell density or proliferation rate. This approach would
be particularly beneficial in open diagnostic biopsies or where
the extent of resection is inhibited by critical anatomy, thus
limiting the amount of tissue available for review. Ultimately,
reliable intraoperative identification of representative tumor tissue
could improve diagnostic accuracy at multiple stages during the
management of these patients.

CONCLUSION

NE gliomas frequently exhibit focal regions of fluorescence
following the administration of sodium fluorescein. This fluores-
cence is highly predictive of the presence of diagnostic glioma
tissue and is associated with greater cytologic atypia, cellular
density, and proliferative activity than areas without fluores-
cence. These results suggest that sodium fluorescein can provide
additional utility as a reliable intraoperative tool for guiding tissue
sampling inNE gliomas andmay improve themanagement of this
challenging patient population.
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COMMENT

T he authors present a novel method for targeting of biopsies in
non-enhancing gliomas, based on established and widely available

technology. They demonstrate fluorescence after fluorescein injection in
the majority of non-enhancing gliomas in this study, and show higher
diagnostic yield in samples from areas displaying fluorescence. The
efficacy of this technique raises 2 interesting questions that merit further
investigation.

First, there is mounting evidence that low-grade gliomas often contain
neoplastic tissue outside of the area of T2 signal hyperintensity. Could
fluorescein help identify these areas and aid in achieving more oncolog-
ically complete resection? Second, grade III gliomas are often diagnosed
based on small areas of increased atypia within a specimen that is
otherwise consistent with a grade II glioma. Given the drastic difference
in prognosis and treatment between these 2 entities, this distinction is
of paramount importance. It remains to be seen whether fluorescein
can help guide biopsy of specifically these atypical areas of gliomas,
thus leading to more accurate grading. The current study represents an
intriguing proof of principle, but further studies are required to unlock
the true potential of fluorescein in glioma surgery.
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