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Objective: This study is to analyze fluorescence sensitivity in the diagnosis of brain and
spinal cord tumors.

Material and methods: The authors conducted a multicenter retrospective analysis of
data on 653 cases in 641 patients: 553 of them had brain tumors and 88 spinal cord
tumors. Brain tumor resection was performed in 523 patients, of whom 484 were adults
and 39 children. The analyzed series was presented by 320 gliomas, 101 meningiomas,
and 72 metastases. A stereotactic biopsy was performed in 20 patients and endoscopic
surgery in 10 patients. In all cases, 20 mg/kg of 5—-Aminolaevulinic acid was administered
orally 2-h before surgery. All surgical interventions were performed with a microscope
BLUE 400 to visualize fluorescence, while endoscopic surgery—with an endoscope
equipped with a fluorescent module. Fluorescence spectroscopy was conducted in 20
cases of stereotactic biopsies and in 88 cases of spinal cord tumors.

Results: Among adult brain tumors operated by microsurgical techniques, meningiomas
showed the highest 5-ALA fluorescence sensitivity 94% (n = 95/101), brain metastases
84.7% (n = 61/72), low-grade gliomas 46.4% (n = 26/56), and high-grade gliomas
90.2% (n = 238/264). In children the highest 5-ALA visible fluorescence was observed
in anaplastic astrocytomas 100% (n = 4/4) and in anaplastic ependymomas 100%
(n = 4/4); in low-grade gliomas it made up 31.8% (n = 7/22). As for the spinal cord tumors
in adults, the highest sensitivity was demonstrated by glioblastomas 100% (n = 4/4) and
by meningiomas 100% (n = 4/4); Fluorescence was not found in gemangioblastomas
(n = 0/6) and neurinomas (n = 0/4). Fluorescence intensity reached 60% (n = 6/10) in
endoscopic surgery and 90% (n = 18/20) in stereotactic biopsy.

Conclusion: 5-ALA fluorescence diagnosis proved to be most sensitive in surgery of
HGG and meningioma (90.2 and 94.1%, respectively). Sensitivity in surgery of intracranial
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metastases and spinal cord tumors was slightly lower (84.7 and 63.6%, correspondingly).
The lowest fluorescence sensitivity was marked in pediatric tumors and LGG (50
and 46.4%, correspondingly). Fluorescence diagnosis can also be used in transnasal
endoscopic surgery of skull base tumors and in stereotactic biopsy.

Keywords: fluorescence diagnosis, 5-Aminolevulinic acid (ALA), glioma, meningioma, neurooncology

INTRODUCTION

In late 90-ies first data on the potential use of 5-ALA in surgery
of malignant gliomas have appeared (1, 2). Recently, use of 5-
ALA has become more popular for other classes of brain and
spinal cord tumors like meningioma (3-7), metastasis (8-11),
neurocytoma (12), ependymoma (13, 14), medulloblastoma (15),
adenoma (16). Besides microneurosurgery, intraoperative FD
has found its application in endoscopic (17-21) and stereotactic
surgery (22, 23).

Our study was aimed at analyzing 5-ALA fluorescence
sensitivity in patients with brain and spinal cord tumors
using microsurgical, endoscopic techniques, along with
stereotactic biopsy.

MATERIALS AND METHODS

Patients

The study enrolled 641 patients with brain and spinal cord
tumors, operated within 2010-2017 in 3 clinical hospitals: N.
N. Burdenko National Medical Research Center of Neurosurgery
of the Ministry of Health of the Russian Federation, Moscow;
S. M. Kirov Military Medical Academy of the Ministry of
Defense of the Russian Federation, St-Petersburg; V. A. Almazov
Federal North-West Medical Research Centre of the Ministry
of Health of the Russian Federation, St-Petersburg. More data
on patients are presented in Table 1. The written informed
consent to the surgery and 5-ALA administration was obtained
from all patients. The study was approved by the local ethics
committee of the N. N. Burdenko National Medical Research
Center of Neurosurgery.

Drugs and Equipment

Having got the informed consent and data on absence of any
significant liver or kidney pathology, patients were administered
20 mg/kg of 5-Aminolevulinic acid (“Alasens,” SSC “NIOPIK,
Russian Federation) in 2-h before surgery. Contraindications
for “Alasens” were: more than 3-or 4-time ALT, AST increase,
porphyria, pregnancy, breastfeeding. In children, 5-ALA was
ingested after obtaining the informed parents’ consent and by the
ethics committee approval. All operations were performed with
OPMI Pentero (Carl Zeiss Meditec AG, Obrekochen, Germany)
microscope equipped with a fluorescent 400-nm UV light and
filters (BLUE 400). During stereotactic surgery MRI (magnetic

Abbreviations: 5-ALA, 5-Aminolevulinic acid; FD, Fluorescence diagnosis; HGG,
High-grade gliomas (WHO Grades III-IV); LGG, Low-grade gliomas (WHO
Grades I-II); PpIX, Protoporphyrin IX; PET, Positron Emission Tomography;
PDD, Photodynamic diagnosis; STB, Stereotactic Biopsy.

resonance imaging) and PET (positron emission tomography)
with methionine were performed to select the target area and to
obtain histological samples.

Operations were performed using the stereotactic system
“OREOL’ [“Elektropribor,” St-Petersburg; (24)]. All assessments
were made on an optic-fiber fluorescence-reflectance
multichannel «Skin-AGE>> spectrometer (25). In patients
with spinal cord tumors, laser spectroscopy was performed
using LESA-01-BIOSPEK spectrum analyzer (laser electronic-
spectral device, “Biospek” company, Moscow). The PpIX level
between the tumor tissue and the intact brain was measured
during spectroscopy.

For endoscopic procedures there was used an endoscope
equipped with a fluorescence filter; in a number of cases,
the combined video-recording system was applied, which was
developed in the Laboratory of Laser biospectroscopy at the A.
M. Prokhorov general physics institute of the Russian Academy
of Sciences.

OUTCOMES OF 5-ALA USE IN SURGERY
OF BRAIN AND SPINAL CORD TUMORS

5-ALA Fluorescence in Surgery of Brain

Tumors in Adults (n = 493)

Visible fluorescence was marked in 90.2% (n = 238/264)
of patients with WHO Grade III-IV gliomas and in 46.4%
(n = 26/56) of patients with WHO Grade I-II gliomas. More
data on patient distribution into subgroups by tumor histology
are presented in Table 1. Positive fluorescence was marked in
96.2% (n = 75/78) of patients with WHO Grade I, in 85.7%
(n = 18/21) of WHO Grade II, and in 100% (n = 2/2) of WHO
Grade ITI meningiomas.

From two to four nodes were revealed in 17 of 63 patients
with metastatic brain lesions; overall, 5-ALA fluorescence was
measured in 72 tumor cases. Based on tumor location, it was
positive in 84.7% (n = 61/72) of cases, namely: metastatic lung
cancer was positive in 80.7% (n = 21/26), metastatic breast cancer
in 90% (n = 18/20), others in 66.7% (n = 21/24).

5-ALA Fluorescence in Surgery of Brain
and Spinal Cord Tumors in Children (n = 42)

In this subgroup 39 of 42 patients were operated (3 patients
underwent repeated surgery). Anaplastic astrocytoma and
anaplastic ependymoma demonstrated the maximal sensitivity,
which made up 100% (n = 4/4), each; sensitivity in glioblastomas
reached 80% (n = 4/5), and in low-grade gliomas, it averaged
31.8% (n = 7/22).
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TABLE 1 | Cases.

TABLE 1 | Continued

Object 5-ALA + 5-ALA - Object 5-ALA + 5-ALA -

Brain tumors, open resection (n = 535) Brain tumors, open resection (n = 535)

Adults (n = 493) 420 (85.2%) 73 (14.8%) Brain tumor, stereotactic biopsy (n = 20) 18 (90%) 2 (10%)
Glioma (n = 320) 264 (82.5%) 56 (17.5%) Fibrillary protoplasmic astrocytoma 2 (66.7%) 1(33.3)

LGG (n = 56) 26 (46.4%) 30 (563.6%) Anaplastic astrocytoma 8 (100%) 0 (0%)
Pilloid astrocytoma 3 (100%) 0 (0%) Glioblastoma 7 (100%) 0 (0%)
Diffuse astrocytoma 6 (25%) 18 (75%) Other 1(50%) 1 (50%)
Gemistocytic astrocytoma 3 (100%) 0 (0%) Adults, spinal cord (n = 88) 56 (63.6%) 32 (36.4%)
Ganglioastrocytoma 0 (0%) 1(100%) Ependymoma 37 (72.5%) 14 (27.5%)
Non-infantile desmoplastic ganglioglioma 1 (100%) 0 (0%) Astrocytoma 4 (33.3%) 8 (66.7%)
Oligoastrocytoma 8 (50%) 8 (50%) Glioblastoma 4 (100%) 0 (0%)
Oligodendroglioma 3 (50%) 3 (50%) Gemangioblastoma 0(0%) 6 (100%)
Pleomorphic xanthoastrocytoma 2 (100%) 0 (0%) Meningioma 11 (100%) 0(0%)

HGG (n = 264) 238 (90.2%) 26 (9.8%)  Neurinoma 0(0%) 4 (100%)
Anaplastic astrocytoma 19 (65.5%) 10 (34.5%) Overall 653
Anaplastic hemangiopericytoma 1 (100%) 0 (0%)

Anaplastic oligoastrocytoma 5(71.4%) 2 (28.6%)
Anaplastic oligodendrogioma 4 (66.7%) 2(33.8%) It is interesting to note, that medulloblastomas demonstrated
Glioblastoma (1 = 211) 208 (94%) 12(6%) “weak” fluorescence (16.7%, n = 1/6) despite their high grade
Gliosarcoma 6 (100%) 0 (0%) of malignancy.
Meningioma (n = 101) 95 (94.1%) 6 (5.9%)
Grede! oeezn 868 5 AL A Fluorescence in Endoscopic
Grade Il 18 (85.7%) 3(14.3%)
Grade Il 2 (100%) 0 (0%) Neurosurgery (n = 10)

Brain metastasis (1 = 72) o1 (84.7%) 11 (15.3%) Ten operations have been performed: anterior cranial fossa
Lungs cancer 21 (80.7%) 5 (19.3%) tumor resection by a .transnasal approach. B.y .all thét,
Broast cancer 18 (90%) 2 (10%) ﬂu(?rescence was marked in 7?% (n = 3/4) of menmg1or'nas, in
Other metastases 21 (66.7%) 3 (33.3%) 50 /0‘(11 =1/2) of chordoTnas, in 100% (n = 1/1) of neurinoma,

Pediatrc (1 = 42) 21 (50%) 21 (50%) and in 100% (n = 1/1) of inverted papilloma.

LGG (n =22) 7 (31.8%) 15 (68.2%) . . .
Disembrioplastic neuroepithelial tumor 0 (0%) 1(100%) Fluorescence-Guided Stereotactic Blopsy
Fibrillary protoplasmic astrocytoma 0 (0%) 2 (100%) of Brain Tumors (n = 20)

Pilocytic astrocytoma 0 (0%) 4 (100%) Stereotactic biopsy and stereotactic fluorescence biospectroscopy

Pilomixoid astrpcytoma 4(57.1%) 3 (42.9%) revealed positive tumor fluorescence in 90% (n = 18/20) of

Oligoastrocytoma 1 (50%) 1 (50%) cases. Fluorescence spectroscopy was sensitive for detecting

Oligodendroglioma 0 (0%) 1 (100%) fibrillary-protoplasmatic astrocytomas in 66.7% (n = 2/3),

Firillary astrocytoma 1 (50%) 1 (50%) anaplastic astrocytomas in 100% [(n = 8/8), glioblastomas in

Ependymoma 1(50%) 1(50%) 100% (n = 7/7)] of cases. The false-positive effect was marked

Chorioid papiloma 0(0%) 1(100%) in 5.6% (n = 1/18) of patients (reactive gliosis after earlier
HGG (1 = 20) 14 (70%) 6 (30%) performed radiotherapy).

Anaplastic astrocytoma 4 (100%) 0 (0%) . .

Anaplastic ependymonma 4 (100%) oow  9-ALA Fluorescence in Surgery of Spinal

Glioblastoma 4.(80%) 1eo%  Cord Tumors in Adults (n = 88)

Medulloblastoma 1 (16.7%) 5 (83.3%) Visible fluorescence was marked in 75% (n = 33/44) of

Primitive neuroectodermal tumor 1 (100%) 0(0%) intramedullary ependymomas, wherein, a strong PpIX

Brain tumor, Endoscopic surgery (n = 10) 6 (60%) 4 (40%) fluorescence, revealed by laser spectroscopy, was observed

Meningioma 3 (75%) 1 (25%) in 100% (n = 44/44) of cases. Astrocytomas have been noted

Hordoma 1 (50%) 1 (50%) to fluoresce in 33.3% (n = 4/12) of cases, spectroscopy has

Neurinoma 1 (100%) 0 (0%) demonstrated PpIX fluorescence in 50% (n = 6/12). The

Inverted papiloma 1 (100%) 0 (0%) highest fluorescence sensitivity was marked in patients with

Other tumors 0 (0%) 2(100%)  glioblastoma (4/4) and meningioma (11/11). Fluorescence

was visible in 57.1% (n = 4/7) of cauda equine ependymoma;
(Continued)  PpIX fluorescence intensity, revealed by laser spectroscopy, was
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(n = 7/7) in all cases; negative PpIX fluorescence was observed
in hemangioblastoma (n = 0/6) and neurinoma (n = 0/4).

DISCUSSION

At the end of 90-ies first data on the potential use of 5-
ALA in neurosurgery appeared, with first publications being
devoted to malignant gliomas (1, 22). Today, 5-ALA is applied
in surgery of different types of brain and spinal cord tumors for
both adults and children, including meningiomas (3-7, 26-28),
metastasis (8-11), neurocytomas (12), ependymomas (13, 14),
medulloblastomas (15).

Among the publications devoted to application of 5-ALA
fluorescence in surgery of CNS tumors, Marbacher et al. (10)
(n=458) reports the largest series of patients (10). In contrast to
Marbacher et al. (10), our series (n = 641) enrolled patients with
spinal cord tumors (n = 88), children (n = 39), and patients who
underwent transnasal endoscopic surgery (n = 10). The novelty
of our research is application of spectroscopy in cases of spinal
cord tumors (n = 88) and stereotactic biopsy (n = 20).

We found it reasonable to combine data on intraoperative
fluorescence sensitivity obtained in different tumors of the CNS.
In our series, to visualize fluorescence in stereotactic biopsy
and in spinal surgery, traditionally, besides microscope, the
spectroscopic control is used.

Adults, Brain, Open Resection

High-Grade Gliomas

A number of papers have proved that use of fluorescence
diagnosis in surgery of high-grade gliomas results in the
increased rate of GTR (gross total resection) and the increased
progression-free and overall survival time (29-32). Thus, use of
fluorescence diagnosis in surgery of high-grade gliomas is an
effective technique.

The results of 5-ALA application in adults with different
types of brain tumors were highlighted in detail in our earlier
publications (18, 18, 21, 26). In this study, fluorescence sensitivity
in the treatment of high-grade gliomas was 90.2% (n = 238/264),
which corresponded to findings of other authors (22, 32-34).

Low-Grade Gliomas

Whether it is reasonable to use 5-ALA in surgery of non-
contrasting gliomas, is still undefined. On the one hand, it
is evident knowledge that gross total resection results in the
increased progression-free and overall survival time among
patients with LGG (31). However, no research has proved that
use of fluorescence in LGG results in the increased rate of GTR.
For these reasons, there is a strong need for further studying and
specifying this problem.

Widhalm et al. have reported that PpIX accumulates in
anaplastic focus, where the tumor has higher grade areas of
malignancy (Grade III) (23). According to our data, fluorescing
focuses in LGG are areas with the Ki 67 index still not exceeding
5% (35). Medical publications provide contradictory opinions
on fluorescence sensitivity in LGG, which varies from 7.7 to
40% (10, 36-38). In our group it made up 46.4% (n = 26/56),
presumably due to comprising different types of gliomas; while

the lowest sensitivity was observed in diffuse astrocytomas 25%
(n=6/18).

Metastases

In our series, 5-ALA-induced fluorescence for cerebral
metastases was 84.7% (n = 61/72), which is slightly higher
compared to other studies. Thus, according to Kamp and
co-authors, fluorescence sensitivity for cerebral metastases
varied from 52 to 81% (11). The absence of fluorescence in
intracranial metastases indicated a significantly higher incidence
of local tumor progression after surgery (11). It might be related
to different surgeon’s experience in using 5-ALA, which is
particularly important when dealing with weak fluorescence
intensity. The phenomenon of tumor bed, still fluorescing
after metastatic node removal, is still hard to understand
(clinical case, Figure 1).

Meningiomas
These data prove our previous research on 5-ALA sensitivity in
intracranial meningioma surgery (39).

Children, Brain, Open Resection

As was earlier mentioned, use of fluorescence diagnosis in HGG
in children results in the increased rate of GTR (gross total
resection) and the increased progression-free and overall survival
time (40, 41). New data on the clinical use of 5-ALA in children
with some other types of brain tumors have been reported (15, 24,
41-43). Thus, fluorescence diagnosis is recommended for HGG.
For other classes of tumors, its use is disputable (44).

In our series, fluorescence sensitivity in children with brain
tumors was 50% (n = 21/42) (45), thus corresponding to
other foreign authors’ experience (24, 41, 43, 46). Fluorescence
sensitivity depends on the tumor morphology and malignancy.
According to Stummer et al. fluorescence sensitivity was noted
to make up 15% (n = 2/13) for Grade I-II astrocytoma, and
85% (n = 12/14)—for glioblastoma. In our research, florescence
sensitivity for low-grade gliomas was 31.8% (n = 7/22), for
high-grade gliomas —70% (n = 14/20). Maximal sensitivity
was revealed in anaplastic astrocytomas 100% (n = 4/4) and
anaplastic ependymoma 100% (n = 4/4).

Still confusing is, that medulloblastomas in children show
low fluorescence sensitivity. This high-grade class of tumors,
however, reveals “weak” fluorescence (30). For instance, Beez
et al. report fluorescence sensitivity reaching 25% (n = 1/3) (43).
In our series, it made up 16.7% (n = 1/6) for medulloblastomas.
As Zhang et al. reports, more complete resection rate with the
following increased survival time was associated with positive
fluorescence (44).

Adults, Spinal Cord

5-ALA fluorescence-assisted technology in adults has proved
to be a good method of intraoperative neuroimaging (13, 14,
47-49). In our experience, fluorescence sensitivity for spinal
cord tumors was 63.6% (n = 56/88), which was similar to
other publications (13, 14, 48). Millesi et al. report fluorescence
sensitivity to range from 0% (n = 0/8) in neurinomas to 100%
(n = 12/12) in meningiomas (48), thus, also confiding with our
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FIGURE 1 | Female, aged 60, admitted to the clinical center with complaints of headaches. In 2009 melanoma of the right lumbar region was removed, in 2017 she
underwent resection of the superior lobe of the left lung. MRI of the brain revealed an intracerebral tumor in the right frontal lobe with perifocal edema (A,B). Resection
of the right frontal lobe tumor was performed under 5-ALA Fluorescence assistance. During surgery, bright fluorescence of the tumor node was marked (C,D). Biopsy
revealed melanoma metastasis (I). immunohistochemical examination showed positive HMB45, MelA expression. After resection, the unchanged white matter of the
frontal lobe was exposed in the tumor bed (E). Visible tumor bed fluorescence was observed (F). No tumor tissue was revealed by additional biopsy samples taken
from the fluorescing region (J). Postoperative MRI (G,H) demonstrated total tumor node resection. This case is interesting, first, by the fact that melanoma metastasis
can fluorescence and second, that the resected tumor bed without tumor cells can also fluoresce. Informed consent has been obtained from the patient for the

publication of data, including images.

data. Application of spectroscopy in our series allowed us to
increase fluorescence sensitivity in astrocytomas (Grade II) from
33.3% (n = 4/12) to 50% (n = 6/12), and in ependymomas
from 75% (n = 33/44) to 100% (n = 44/44), including cauda
equine ependymoma, the sensitivity of which varied from 57.1%
(n=4/7) to 100% (7/7).

Endoscopic Surgery
The present-day microscope-assisted metabolic navigation
possesses the insufficient quality of the fluorescence signal
obtained during a deep and narrow approach. To solve this
problem, a specific design of fluorescence endoscope has been
adopted. 5-ALA fluorescence is known to be useful in visualizing
the tumor tissue (18, 19, 50, 51), while fluorescence with
indocyanine green (ICG)—for coloration of the vessels (52-55).
There are only a few medical publications devoted
to endoscopic surgery with fluorescence assistance in
neurooncology. Takeda et al. reported 2 cases of germinomas
(56), in which 5-ALA fluorescence-guided endoscopic surgery
was used. Cornelius et al. described the procedure of using
5-ALA endoscopic surgery in 2 patients with meningiomas
(57). Our series included 10 patients with different skull base
tumors; intraoperative fluorescence was visualized in 60% of
cases. Alongside with this, meningiomas was visualized in 3 cases
out of 4, chordoma in 1 case out of 2, neurinoma in 1 case of 1,
inverted papilloma in 1 case of 1.

Patients who underwent microscopic 5-ALA fluorescence-
assisted endoscopic surgery for brain tumors did not enter this
series. These results were reported in our early publication in
2008 (18). We did not use 5-ALA fluorescence in transventricular
endoscopic surgery of intraventricular tumors. Takeda et al. have
earlier reported on that (56).

Stereotactic Biopsy
According to the world literature databank, STB proved to be
not informative in 24% (58). There are three main methods
neurosurgeons have for reduction the incidence of uninformative
biopsies: a combination of MRI and PET is used for preoperative
planning, biopsy in the operating room and the use 5-ALA
fluorescence. A fluorescence-assisted stereotactic biopsy can be
obtained in 2 ways: first, by measuring the concentration of PP
IX in the tumor tissue along the stereotactic trajectory to the
target using a spectral probe before extracting the biopsy (59).
Second, by evaluating the tissue sample fluorescence using a
neurosurgical microscope with a special fluorescence regimen, as
described by Widhalm et al. (23). In the latter, specimens were put
under fluorescence light of a surgical microscope to assess their
fluorescence. Fluorescence sensitivity, according to Widhalm’s
report, was 100% for HGG and 0% for LGG. In addition, use
of fluorescence was helpful in shortening the operation time and
decreasing the average number of biopsies during surgery (60).
In our opinion, the combination of the stereotactic cannula
and the spectral probe is easier and does not require an operative
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microscope with a fluorescence module. Stereotactic biopsy
combined with fluorescence spectroscopy gives a chance when
analyzing, to determine the zones of the highest concentration
of PPIX and select the tumor site with the highest degree of
anaplasia, thus increasing the diagnostic value of stereotactic
biopsy as a technique (23, 61).

Fluorescence sensitivity in our series reached 90% (n = 18/20),
thus corresponding to the world literature data. Marbacher
et al. (10) reports fluorescence sensitivity of 88% (n = 44/50).
Fluorescence sensitivity for a low-grade glioma, particularly for
fibrillary protoplasmic glioma, was 66.7% (2/3), while in the study
of Marbacher et al. it was 25% (3/12). In our experience, higher
fluorescence can be explained by using stereotactic biopsy under
spectroscopic, and not only visual, control. A small number of
cases in our series does not allow us to perform the comparative
analysis of fluorescence sensitivity for patients with low-grade
glioma in the STB subgroup.

CONCLUSION

5-ALA fluorescence diagnosis proved to be most sensitive
in surgery of HGG and meningioma (90.2 and 94.1%,
respectively). Sensitivity in surgery of intracranial metastases
and spinal cord tumors was slightly lower (84.7 and 63.6%,
correspondingly). The lowest fluorescence sensitivity was
marked in pediatric tumors and LGG (50 and 46.4%,
correspondingly). Fluorescence diagnosis can also be used
in transnasal endoscopic surgery of skull base tumors and in
stereotactic biopsy.

LIMITATIONS

There are several limitations our work has. Firstly, we used brain
tumor classification of the 2007 year (because it is a retrospective
study). Secondly, it common knowledge that medulloblastomas
(MB) are recommended to classify into subtypes, according to
WHO classification, but our analysis was performed earlier than
an official MB sub-type classification was generally accepted. In
addition, MB sub-type classification is effective for a traditional
classification of patients into moderate or high-grade risk groups
and is important for further prognosis and choice of the
differentiated treatment modality. In our opinion, the practical
value of such a comparative analysis is not so important,
because fluorescence degree provides an increase in the radical
blastomatous tissue resection rate and not assessment of its
molecular genetic features. Our group of MB patients is too small

REFERENCES

1. Stummer W, Novotny A, Stepp H, Goetz C, Bise K, Reulen HJ. Fluorescence-
guided resection of glioblastoma multiforme utilizing 5-ALA-induced
porphyrins: a prospective study in 52 consecutive patients. ] Neurosurg. (2000)
93:1003-13. doi: 10.3171/jns.2000.93.6.1003

2. Stummer W, Goetz C, Stepp H, Stocker S, Reulen HJ. Intraoperative detection
of malignant glioma by 5-ALA induced protoporphyrin IX fluorescence.
Clin  Neurol Neurosurg. (1997) 99:593. doi: 10.1016/S0303-8467(97)8
1684-8

to claim any novelty. We just state that the data obtained can be
helpful for a meta-analysis.

ETHICS STATEMENT

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and/or national research committee and
with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards.

AUTHOR’S NOTE

AK is a corresponding member of RAS. AP is a full member
of RAS.

AUTHOR CONTRIBUTIONS

SG and AP: research concept and design. VO, DG, DS, BM,
AK, NK, PZ, AP, and AB: data collection and processing. KC:
statistic support and writing text. VB, GP, and VL: editing.
This work was supported by the ethical committee of Burdenko
Neurosurgical Institute.

FUNDING

The reported study was funded by RFBR according to the
research projects No 17-00-00158, No 17-00-00159, 17-00-00157
(17-00-00162 (K)), and No 19-29-01154.

ACKNOWLEDGMENTS

We would like to acknowledge the help provided by
our colleagues:

A. 1. Kholyavin, N. P. Bechtereva Institute of the Human
Brain, Russian Academy of Sciences, Saint Petersburg, Russia.

G. V. Papayan, 1. P. Pavlov First St. Petersburg State Medical
University, Ministry of Health of the Russian Federation,
St. Petersburg, Russia.

D. S. Kim, Department of Pathomorphology, Burdenko
NSI, Moscow.

L. N. Pronin, Full member of RAS, and A. 1. Batalov, Burdenko
NSI, Moscow.

Translation from Russian to English - N. A. Pestovskaya.

This work was partially supported by the Competitiveness
Program of MEPhL

3. Coluccia D, Fandino ], Fujioka M, Cordovi S, Muroi C, Landolt H.
Intraoperative 5-aminolevulinic-acid-induced fluorescence in meningiomas.
Acta Neurochir. (2010) 152:1711-9. doi: 10.1007/s00701-010-0708-4

4. Foster N, Eljamel S. ALA-induced fluorescence image guided surgery of
meningiomas: a meta-analyses. Photodiagnosis Photodyn Ther. (2016) 15:73-
8. doi: 10.1016/j.pdpdt.2016.05.006

5. Cornelius ], Slotty P, Stoffels G, Galldiks N, Langen K, Steiger H. 5-
Aminolevulinic acid and 18F-FET-PET as metabolic imaging tools for surgery
of a recurrent skull base meningioma. J Neurol Surg Part B Skull Base. (2013)
74:211-6. doi: 10.1055/s-0033-1342918

Frontiers in Oncology | www.frontiersin.org

September 2019 | Volume 9 | Article 830


https://doi.org/10.3171/jns.2000.93.6.1003
https://doi.org/10.1016/S0303-8467(97)81684-8
https://doi.org/10.1007/s00701-010-0708-4
https://doi.org/10.1016/j.pdpdt.2016.05.006
https://doi.org/10.1055/s-0033-1342918
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Goryaynov et al.

Fluorescence Diagnosis in Neurooncology

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Millesi M, Kiesel B, Mischkulnig M, Martinez-Moreno M, Wéhrer A,

Wolfsberger S, et al. Analysis of the surgical benefits of 5-ALA-induced
fluorescence in intracranial meningiomas: experience in 204 meningiomas. J
Neurosurg. (2016) 125:1408-19. doi: 10.3171/2015.12.JNS151513

. Hefti M, Holenstein F, Albert I, Looser H, Luginbuehl V. Susceptibility to 5-

aminolevulinic acid based photodynamic therapy in WHO I meningioma cells
corresponds to ferrochelatase activity. Photochem Photobiol. (2011) 87:235-
41. doi: 10.1111/§.1751-1097.2010.00821.x

. Utsuki S, Oka H, Sato S, Shimizu S, Suzuki S, Tanizaki Y, et al. Histological

examination of false positive tissue resection using 5-aminolevulinic acid-
induced fluorescence guidance. Neurol Med Chir. (2007) 47:210-3; discussion
213-4. doi: 10.2176/nmc.47.210

. Belloch JP, Rovira V, Llacer JL, Riesgo PA, Cremades A. Fluorescence-guided

surgery in high grade gliomas using an exoscope system. Acta Neurochir.
(2014) 156:653-60. doi: 10.1007/s00701-013-1976-6

Marbacher S, Klinger E, Schwyzer L, Fischer I, Nevzati E, Diepers
M, et al. Use of fluorescence to guide resection or biopsy of primary
brain tumors and brain metastases. Neurosurg Focus. (2014) 36:E10.
doi: 10.3171/2013.12.FOCUS13464

Kamp MA, Fischer I, Bithner J, Turowski B, Frederick Cornelius J,
Steiger H-J, et al. 5-ALA fluorescence of cerebral metastases and its
impact for the local-in-brain progression. Oncotarget. (2016) 7:66776-66789.
doi: 10.18632/oncotarget.11488

Song SW, Kim Y-H, Park S-H, Park C-K. 5-Aminolevulinic acid fluorescence
discriminates the histological grade of extraventricular neurocytoma. Brain
Tumor Res Treat. (2013) 1:45. doi: 10.14791/btrt.2013.1.1.45

Eicker SO, Floeth FW, Kamp M, Steiger H-J, Hinggi D. The impact of
fluorescence guidance on spinal intradural tumour surgery. Eur Spine J. (2013)
22:1394-401 doi: 10.1007/500586-013-2657-0

Inoue T, Endo T, Nagamatsu K, Watanabe M, Tominaga T. 5-Aminolevulinic
acid fluorescence-guided resection of intramedullary ependymoma. Oper
Neurosurg. (2013) 72:0ns159-68. doi: 10.1227/NEU.0b013e31827bc7a3
Skjoth-Rasmussen J, Bogeskov L, Sehested A, Klausen C, Broholm H, Nysom
K. The use of 5-ALA to assist complete removal of residual non-enhancing
part of childhood medulloblastoma: a case report. Child Nerv Syst. (2015)
31:2173-7. doi: 10.1007/s00381-015-2762-y

Eljamel ~MS, Leese G, Moseley H. Intraoperative optical
identification of pituitary adenomas. ] Neurooncol. (2009) 92:417-21.
doi: 10.1007/s11060-009-9820-9

Cho W-S, Kim JE, Kang H-S, Ha EJ, Jung M, Lee C, et al. Dual-
channel endoscopic indocyanine green fluorescence angiography for
clipping of cerebral aneurysms. World Neurosurg. (2017) 100:316-24.
doi: 10.1016/j.wneu.2017.01.042

Potapov AA, Usachev DJ, Loshakov VA, Cherekaev VA, Kornienko VN,
Pronin IN, et al. First experience in 5-ALA fluorescence-guided and
endoscopically assisted microsurgery of brain tumors. Med Laser Appl. (2008)
23:202-8. doi: 10.1016/j.mla.2008.07.006

Ritz R, Feigl GC, Schuhmann MU, Ehrhardt A, Danz S, Noell S,
et al. Use of 5-ALA fluorescence guided endoscopic biopsy of a deep-
seated primary malignant brain tumor. J Neurosurg. (2011) 114:1410-3.
doi: 10.3171/2010.11.JNS10250

Tsuzuki S, Aihara Y, Eguchi S, Amano K, Kawamata T, Okada Y.
Application of indocyanine green (ICG) fluorescence for endoscopic
biopsy of intraventricular tumors. Child Nerv Syst. (2014) 30:723-6.
doi: 10.1007/s00381-013-2266-6

Belykh E, Miller EJ, Hu D, Martirosyan NL, Woolf EC, Scheck AC, et al.
Scanning fiber endoscope improves detection of 5-aminolevulinic acid—
induced protoporphyrin IX fluorescence at the boundary of infiltrative
glioma. World Neurosurg. (2018) 113:¢51-69. doi: 10.1016/j.wneu.2018.01.151
Stummer W, Pichlmeier U, Meinel T, Wiestler OD, Zanella F, Reulen H-
J. Fluorescence-guided surgery with 5-aminolevulinic acid for resection of
malignant glioma: a randomised controlled multicentre phase III trial. Lancet
Oncol. (2006) 7:392-401. doi: 10.1016/S1470-2045(06)70665-9

Widhalm G, Minchev G, Woehrer A, Preusser M, Kiesel B, Furtner J, et al.
Strong 5-aminolevulinic acid-induced fluorescence is a novel intraoperative
marker for representative tissue samples in stereotactic brain tumor biopsies.
Neurosurg Rev. (2012) 35:381-91. doi: 10.1007/s10143-012-0374-5

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Stummer W, Rodrigues F, Schucht P, Preuss M, Wiewrodt D, Nestler U,
et al. Predicting the “usefulness” of 5-ALA-derived tumor fluorescence for
fluorescence-guided resections in pediatric brain tumors: a European survey.
Acta Neurochir. (2014) 156:2315-24. doi: 10.1007/s00701-014-2234-2

Kang U, Papayan GV, Berezin VB, Petrischcv NN, Galagudza MM.
Spectrometer for fluorescence-reflectance biomedical research. Opt
J. (2013) 80:56-67. Available online at: https://yandex.ru/patents/doc/
RU2539817C1_20150127

Potapov AA, Goryaynov SA, Danilov GV, Chelushkin DM, Okhlopkov
VA, Shimanskiy VN, et al. Intraoperative fluorescence diagnostics
in surgery of intracranial meningiomas: analysis of 101 cases. Vopr
neirokhirurgii Im NN Burdenko. (2018) 82:17. doi: 10.17116/oftalma201882
217-29

Belykh E, Martirosyan NL, Yagmurlu K, Miller EJ, Eschbacher JM,
Izadyyazdanabadi M, et al. Intraoperative fluorescence imaging for
personalized brain tumor resection: current state and future directions.
Front Surg. (2016) 3:55. doi: 10.3389/fsurg.2016.00055

Belykh E, Miller EJ, Patel AA, Bozkurt B, Yagmurlu K, Robinson TR, et al.
Optical characterization of neurosurgical operating microscopes: quantitative
fluorescence and assessment of PpIX photobleaching. Sci Rep. (2018) 8:12543.
doi: 10.1038/s41598-018-30247-6

Stummer W, Reulen H-J, Meinel T, Pichlmeier U, Schumacher W, Tonn
J-C, et al. Extent of resection and survival in glioblastoma multiforme.
Neurosurgery. (2008) 62:564-76. doi: 10.1227/01.neu.0000317304.315
79.17

Aldave G, Tejada S, Pay E, Marigil M, Bejarano B, Idoate MA, et al.
Prognostic value of residual fluorescent tissue in glioblastoma patients after
gross total resection in 5-aminolevulinic acid-guided surgery. Neurosurgery.
(2013) 72:915-21. doi: 10.1227/NEU.0b013e31828c3974

Schucht P, Beck ], Abu-Isa J, Andereggen L, Murek M, Seidel K, et al.
Gross total resection rates in contemporary glioblastoma surgery: results
of an institutional protocol combining 5-aminolevulinic acid intraoperative
fluorescence imaging and brain mapping. Neurosurgery. (2012) 71:927-35.
doi: 10.1227/NEU.0b013e31826d1e6b

Slotty PJ, Siantidis B, Beez T, Steiger HJ, Sabel M. The impact of improved
treatment strategies on overall survival in glioblastoma patients. Acta
Neurochir. (2013) 155:959-63. doi: 10.1007/s00701-013-1693-1

Diez Valle R, Slof J, Galvin ], Arza C, Romariz C, Vidal C.
Estudio observacional retrospectivo sobre la efectividad del 4cido 5-
aminolevulinico en la cirugia de los gliomas malignos en Espana
(Estudio VISIONA). Neurologia. (2014) 29:131-8. doi: 10.1016/j.nrl.2013.
05.004

Chave-Cox DR, Corns MR, Sivakumar MG, Thomson MS. PP36. Improved
glioblastoma survival following the introduction of a subspecialised surgical
high grade brain tumour service. Neuro Oncol. (2017) 19 (Suppl. 1):l1.
doi: 10.1093/neuonc/now293.036

Goryaynov SA, Widhalm G, Goldberg ME Chelushkin D, Spallone A,
Chernyshov KA, et al. The role of 5-ALA in low-grade gliomas and the
influence of antiepileptic drugs on intraoperative fluorescence. Front Oncol.
(2019) 9:423. doi: 10.3389/fonc.2019.00423

Widhalm G, Kiesel B, Woehrer A, Traub-Weidinger T, Preusser M,
Marosi C, et al. 5-Aminolevulinic acid induced fluorescence is a powerful
intraoperative marker for precise histopathological grading of gliomas
with non-significant contrast-enhancement. PLoS ONE. (2013) 8:¢76988.
doi: 10.1371/journal.pone.0076988

Ewelt C, Floeth FW, Felsberg J, Steiger HJ, Sabel M, Langen K-], et al. Finding
the anaplastic focus in diffuse gliomas: the value of Gd-DTPA enhanced MRI,
FET-PET, and intraoperative, ALA-derived tissue fluorescence. Clin Neurol
Neurosurg. (2011) 113:541-7. doi: 10.1016/j.clineuro.2011.03.008

Jaber M, Wolfer J, Ewelt C, Holling M, Hasselblatt M, Niederstadt T, et al.
The value of 5-aminolevulinic acid in low-grade gliomas and high-grade
gliomas lacking glioblastoma imaging features. Neurosurgery. (2016) 78:401-
11. doi: 10.1227/NEU.0000000000001020

Potapov AA, Goryaynov SA, Okhlopkov VA, Shishkina LV, Loschenov VB,
Savelieva TA, et al. Laser biospectroscopy and 5-ALA fluorescence navigation
as a helpful tool in the meningioma resection. Neurosurg Rev. (2016)
39:437-47. doi: 10.1007/s10143-015-0697-0

Frontiers in Oncology | www.frontiersin.org

September 2019 | Volume 9 | Article 830


https://doi.org/10.3171/2015.12.JNS151513
https://doi.org/10.1111/j.1751-1097.2010.00821.x
https://doi.org/10.2176/nmc.47.210
https://doi.org/10.1007/s00701-013-1976-6
https://doi.org/10.3171/2013.12.FOCUS13464
https://doi.org/10.18632/oncotarget.11488
https://doi.org/10.14791/btrt.2013.1.1.45
https://doi.org/10.1007/s00586-013-2657-0
https://doi.org/10.1227/NEU.0b013e31827bc7a3
https://doi.org/10.1007/s00381-015-2762-y
https://doi.org/10.1007/s11060-009-9820-9
https://doi.org/10.1016/j.wneu.2017.01.042
https://doi.org/10.1016/j.mla.2008.07.006
https://doi.org/10.3171/2010.11.JNS10250
https://doi.org/10.1007/s00381-013-2266-6
https://doi.org/10.1016/j.wneu.2018.01.151
https://doi.org/10.1016/S1470-2045(06)70665-9
https://doi.org/10.1007/s10143-012-0374-5
https://doi.org/10.1007/s00701-014-2234-2
https://yandex.ru/patents/doc/RU2539817C1_20150127
https://yandex.ru/patents/doc/RU2539817C1_20150127
https://doi.org/10.17116/oftalma201882217-29
https://doi.org/10.3389/fsurg.2016.00055
https://doi.org/10.1038/s41598-018-30247-6
https://doi.org/10.1227/01.neu.0000317304.31579.17
https://doi.org/10.1227/NEU.0b013e31828c3974
https://doi.org/10.1227/NEU.0b013e31826d1e6b
https://doi.org/10.1007/s00701-013-1693-1
https://doi.org/10.1016/j.nrl.2013.05.004
https://doi.org/10.1093/neuonc/now293.036
https://doi.org/10.3389/fonc.2019.00423
https://doi.org/10.1371/journal.pone.0076988
https://doi.org/10.1016/j.clineuro.2011.03.008
https://doi.org/10.1227/NEU.0000000000001020
https://doi.org/10.1007/s10143-015-0697-0
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Goryaynov et al.

Fluorescence Diagnosis in Neurooncology

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Kramm CM, Wagner S, Van Gool S, Schmid H, Striter R, Gnekow A,
et al. Improved survival after gross total resection of malignant gliomas
in pediatric patients from the HIT-GBM studies. Anticancer Res. (2006)
26:3773-9.

Preuff M, Renner C, Krupp W, Christiansen H, Fischer L, Merkenschlager
A, et al. The use of 5-aminolevulinic acid fluorescence guidance in
resection of pediatric brain tumors. Child Nerv Syst. (2013) 29:1263-7.
doi: 10.1007/s00381-013-2159-8

Bernal Garcia LM, Cabezudo Artero JM, Royano Sanchez M,
Marcelo Zamorano MB, Loépez Macias M. Fluorescence-guided
resection with 5-aminolevulinic acid of meningeal sarcoma in a
child. Child Nerv Syst. (2015) 31:1177-80. doi: 10.1007/s00381-015-
2703-9

Beez T, Sarikaya-Seiwert S, Steiger H-J, Hinggi D. Fluorescence-guided
surgery with 5-aminolevulinic acid for resection of brain tumors
in children—a technical report. Acta Neurochir. (2014) 156:597-604.
doi: 10.1007/s00701-014-1997-9

Zhang C, Boop FA, Ruge J. The use of 5-aminolevulinic acid in resection of
pediatric brain tumors: a critical review. J Neurooncol. (2018) 141:567-763.
doi: 10.1007/s11060-018-03004-y

Khachatryan WA, Kim AV, Samochernich KA, Tadevosian AR, Kazackaya EV,
Don OA, et al. Experience with intraoperative fluorescence diagnosis in the
surgical treatment of children with tumors of neuroepithelial brain. Pediatr
Neurosergery Neurol. (2016) N2:37-51.

Kim AV, Khachatryan VA. Intraoperative fluorescence diagnosis using
5-aminolevulinic acid in surgical treatment of children with recurrent
neuroepithelial tumors. Zh Vopr Neirokhir Im N N Burdenko. (2017) 81:51-7.
doi: 10.17116/neir0201780751-57

De la Garza-Ramos R, Bydon M, Macki M, Huang J, Tamargo RJ, Bydon
A. Fluorescent techniques in spine surgery. Neurol Res. (2014) 36:928-38.
doi: 10.1179/1743132814Y.0000000340

Millesi M, Kiesel B, Woehrer A, Hainfellner JA, Novak K, Martinez-
Moreno M, et al. Analysis of 5-aminolevulinic acid-induced fluorescence
in 55 different spinal tumors. Neurosurg Focus. (2014) 36:E11.
doi: 10.3171/2013.12.FOCUS13485

Rangel-Castilla L, Russin JJ, Zaidi HA, Martinez-del-Campo E, Park MS,
Albuquerque FC, et al. Contemporary management of spinal AVFs and
AVMs: lessons learned from 110 cases. Neurosurg Focus. (2014) 37:E14.
doi: 10.3171/2014.7. FOCUS14236

Schwartz TH. Endoscopic-Assisted 5-Aminolevulinic Acid Imaging.
World  Neurosurg.  (2014)  82:e117-8. doi:  10.1016/j.wneu.2013.
07.110

Rapp M, Kamp M, Steiger H-], Sabel M. Endoscopic-assisted visualization
of 5-aminolevulinic acid-induced fluorescence in malignant glioma
surgery: a technical note. World Neurosurg. (2014) 82:e277-9.
doi: 10.1016/j.wneu.2013.07.002

Bruneau M, Appelboom G, Rynkowski M, Cutsem N, Mine B, Witte
O. Endoscope-integrated ICG technology: first application during
intracranial ~aneurysm surgery. Neurosurg Rev. (2012) 36:77-84.
doi: 10.1007/s10143-012-0419-9

53.

54.

55.

56.

57.

58.

59.

60.

61.

Mielke D, Malinova V, Rohde V. Comparison of intraoperative microscopic
and endoscopic icg angiography in aneurysm surgery. Neurosurgery. (2014)
10:418-25. doi: 10.1227/NEU.0000000000000345

Hide T, Yano S, Kuratsu J. Indocyanine Green fluorescence endoscopy
at endonasal transsphenoidal
dermoid cyst: case report. Neurol Med Chir.
doi: 10.2176/nmc.cr.2014-0087

Hide T, Yano S, Shinojima N, Kuratsu J. of the
indocyanine green fluorescence endoscope in endonasal transsphenoidal
surgery. J Neurosurg. (2015) 122:1185-92. doi: 10.3171/2014.9.JNS
14599

Takeda J, Nonaka M, Li Y, Komori Y, Kamei T, Iwata R, et al. 5-
ALA fluorescence-guided endoscopic surgery for mixed germ cell
tumors. J Neurooncol. (2017) 134:119-24. doi: 10.1007/s11060-017-
2494-9

Cornelius  JE Kamp MA, Tortora A, Knipps J, Krause-Molle Z,
Beez T, et al. Surgery of small anterior skull base meningiomas by
endoscopic 5-aminolevulinic acid fluorescence guidance: first clinical
experience. World Neurosurg. (2018) 122:¢890-5. doi: 10.1016/j.wneu.2018.
10.171

Lu Y, Yeung C, Radmanesh A, Wiemann R, Black PM, Golby
AJ.  Comparative effectiveness of frame-based, frameless, and
intraoperative magnetic resonance imaging-guided brain  biopsy
techniques. World Neurosurg. (2015) 83:261-8. doi: 10.1016/j.wneu.2014.
07.043

Papayan GV, Martynov BV, Kholyavin AI, Nizkovolos VB, Svistov DV,
Petrishchev NN, et al. Stereotactic fluorescence biospectroscopy in the
diagnosis of brain glial neoplasms. Top Issues Laser Med. (2016) 2016:139-51.
doi: 10.1093/neuros/nyy315

Millesi M, Kiesel B, Wohrer A, Mercea PA, Bissolo M, Roetzer T, et al.
Is intraoperative pathology needed if 5-aminolevulinic-acid-induced tissue
fluorescence is found in stereotactic brain tumor biopsy? Neurosurgery. (2019)
2019:nyz086. doi: 10.1093/neuros/nyz086

Piquer J, Llicer JL, Rovira V, Riesgo P, Rodriguez R, Cremades
A. Fluorescence-guided surgery and biopsy in gliomas with an
exoscope system. Biomed Res Int. (2014) 2014:1-6. doi: 10.1155/2014/2
07974

intracavernous sinus
(2014) 54:999-1003.

surgery for an

Usefulness

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019 Goryaynov, Okhlopkov, Golbin, Chernyshov, Svistov, Martynov,
Kim, Byvaltsev, Pavlova, Batalov, Konovalov, Zelenkov, Loschenov and Potapov.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Oncology | www.frontiersin.org

September 2019 | Volume 9 | Article 830


https://doi.org/10.1007/s00381-013-2159-8
https://doi.org/10.1007/s00381-015-2703-9
https://doi.org/10.1007/s00701-014-1997-9
https://doi.org/10.1007/s11060-018-03004-y
https://doi.org/10.17116/neiro201780751-57
https://doi.org/10.1179/1743132814Y.0000000340
https://doi.org/10.3171/2013.12.FOCUS13485
https://doi.org/10.3171/2014.7.FOCUS14236
https://doi.org/10.1016/j.wneu.2013.07.110
https://doi.org/10.1016/j.wneu.2013.07.002
https://doi.org/10.1007/s10143-012-0419-9
https://doi.org/10.1227/NEU.0000000000000345
https://doi.org/10.2176/nmc.cr.2014-0087
https://doi.org/10.3171/2014.9.JNS14599
https://doi.org/10.1007/s11060-017-2494-9
https://doi.org/10.1016/j.wneu.2018.10.171
https://doi.org/10.1016/j.wneu.2014.07.043
https://doi.org/10.1093/neuros/nyy315
https://doi.org/10.1093/neuros/nyz086
https://doi.org/10.1155/2014/207974
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

	Fluorescence Diagnosis in Neurooncology: Retrospective Analysis of 653 Cases
	Introduction
	Materials and Methods
	Patients
	Drugs and Equipment

	Outcomes of 5-ALA use in Surgery of Brain and Spinal Cord Tumors
	5-ALA Fluorescence in Surgery of Brain Tumors in Adults (n = 493)
	5-ALA Fluorescence in Surgery of Brain and Spinal Cord Tumors in Children (n = 42)
	5-ALA Fluorescence in Endoscopic Neurosurgery (n = 10)
	Fluorescence-Guided Stereotactic Biopsy of Brain Tumors (n = 20)
	5-ALA Fluorescence in Surgery of Spinal Cord Tumors in Adults (n = 88)

	Discussion
	Adults, Brain, Open Resection
	High-Grade Gliomas
	Low-Grade Gliomas
	Metastases
	Meningiomas

	Children, Brain, Open Resection
	Adults, Spinal Cord
	Endoscopic Surgery
	Stereotactic Biopsy

	Conclusion
	Limitations
	Ethics Statement
	Author's Note
	Author Contributions
	Funding
	Acknowledgments
	References


