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Abstract

Intraoperative fluorescence diagnostics of high-grade gliomas is widely used in neurosurgical practice. This work analyzes the possibilities of fluo-
rescence diagnostics for low-grade gliomas (LGG) using chlorin e6 photosensitizer. The study included patients with newly diagnosed LGG, for
whom chlorin e6 was used for intraoperative fluorescence control at a dose of 1 mg/kg. During the operation, the fluorescence intensity of various
areas of the putative tumor tissue was analyzed using the RSS Cam - Endo 1.4.313 software. Tissue samples with various degrees of fluorescence
intensity were compared with the results of their histopathological analysis (WHO tumor diagnosis, Ki-67 index, P53, VEGF). Fluorescence was de-
tected in more than half of the cases, but in most cases had a focal character and low fluorescence intensity. The fluorescence intensity directly cor-
related with the data of histopathological examination of tumor tissues (Ki-67 index (p=0.002), expression of P53 (p=0.0015) and VEGF (p=0.001)).
The sensitivity of the method for LGG surgery was 72%, the specificity was 56,7%. Intraoperative fluorescence diagnostics with chlorin e6 can be
used in LGG surgery, especially to visualize intratumoral areas with a higher degree of anaplasia.
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PJTYOPECLEHTHAS OMATHOCTUKA
C XNNOPUHOM eé B XUPYPTUUN TTTIMOM
HNU3KOWM CTEMNEHU 3NOKAHECTBEHHOCTU

A.IO. Puinpq, B.E. Oniowwun, [1.M. Poctosues, FO.M. 3abpoackas, .B. ManasH
Poccuiickuit HeMpoxupyprmyeckmin MHCTUTYT umenn npodeccopa AJI. MNonenosa —
dunman PIBY «HaumoHanbHbIA MEAMUMHCKMI MCCNEROBATENLCKMM LEHTP MeHM B.A.
Anmasosay, Carkr-lNetepbypr, Poccus

Pesiome

MpumeHeHne nHTpPaonepaLioHHON GpyopeCcLIEHTHON ANAarHOCTUKM ANA FIMOM BbICOKOW CTENEHM 3/10KaueCTBEHHOCTY LUMPOKO UCMOSb3yeTcA B
HepOXMpypruyeckoi npakTrke. B pabote npoaHanv3npoBaHbl BO3MOXKHOCTY $lyOPECLIEHTHOV AMArHOCTUKM 1A ITIVIOM HU3KOW CTEMEHW 3/10-
KauyecTBEHHOCTM C UCNOJIb30BaHKEM XJIOPUHa 6. B nccnenoBaHvie 6binn BKITIOUYEHbI MaLMEHTb C BNepBble AMarHOCTUPOBAHHOW FIMOMOW HU3-
KoV cTeneHu 3n10kavectBeHHocTH (low-grade glioma, LGG), y KOTOPbIX C Liesibio MHTPaonepaLMoHHOro $GlyopecLeHTHOro KOHTPOSIA NPYMEHEH
npenapar X/I0pviH e6 B fo3e 1 Mr/Kr Mmacchbl Tena. B npouecce onepawyv aHannu3npoBanu MHTEHCMBHOCTb GlyopecLeHLMN Pa3fIYHbIX YYaCTKOB
npeanosnaraeMon onyxosieBol TKaHu C NCMoNb30BaHWEM NporpamMmmHoro obecneyeHns RSS Cam - Endo 1.4.313. O6pa3upl TKaHel pa3nnyHomn
CTeneHn MHTEHCMBHOCTY GiyopecLieHLMN CONOCTaBANN C pe3yNibTaTamMy UX FUCTOMATONOrMYEeCcKoro aHanmsa (guarHoctuka onyxonu BO3, nH-
nekc Ki-67, P53, VEGF). OnyopecueHuus BbisiBieHa B 60riee Yem NoioBUHE CllydaeB, HO B OOMbLUMHCTBE C/lyYaeB MMesla O4aroBbi XapakTep
1 HU3KYI0 UHTEHCUBHOCTb dnyopecueHummn. IHTeHCMBHOCTL dnyopecLeHLMn HanpaMyto KoppenrpoBana ¢ faHHbIMU FUCTOMATONIOrMYeCcKoro
nccnefoBaHnA TKaHel onyxonu: nHaekc Ki-67 (p=0,002), akcnpeccua P53 (p=0,0015), VEGF (p=0,001). YyBcTBUTENBHOCTb METOAA ANA XMPYPrin
LGG cocTtaBuna 72%, cneumduruHocTb 56,7%. NpoBeaeHHOe nccnefoBaHme NOATBEPAUIIO, UTO TEXHOJNOTUA NHTPAoNepaLoHHON GnyopecLeHT-
HOW ANarHOCTUKY C MPUMEHEHMEM XJTIOPVHA €6 MOXET MPUMEHATLCA B XUPYpPrn LGG, 0cobeHHO AJ1a BU3yanu3aLuy BHY TPYOMYXOSEBbIX y4acT-
KOB C 60siee BbICOKOV CTeMeHbto aHannasnm.

KnioueBble cnoBa: rnmombl HU3KOW CTEMEHU 3/T0KAaYeCTBEHHOCTH, XJIOPWH €6, NHTpaonepaLlnoHHas d)nyopecueHTHaﬂ ANArHoCTuKa, Helhpo—
OHKoorua.
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Introduction

Low-grade gliomas (LGGs) are a heterogeneous
group of astrocytic and oligodendroglial tumors and
account for about 20% of all newly diagnosed brain
tumors, with an incidence of 5.2 cases per 100,000
people per year. The mean survival of patients with
LGG ranges from 5 to 13 years. This wide range of LGG
survival rates is most likely due to differences in clini-
cal, histopathological, and molecular genetic factors.
Age and clinical status, histopathological, molecular
genetic (1p19q co-deletion, isocitrate dehydrogenase
(IDH) mutation status, O5-methylguanine methyltrans-
ferase promoter methylation status (MGMT)) and other
factors play an important role in predicting the course
of the disease in patients [1- four].

LGGs present a particular challenge for the neu-
rosurgeon during surgery due to the histopathologi-
cal heterogeneity of the tumor and the lack of a clear
tumor margin. The goal of surgical intervention in LGG
is to perform resection of the neoplasm to the maxi-
mum extent, but allowing to preserve neurological
functions and create conditions for an optimal progno-
sis of the course of the disease. Therefore, new meth-
ods are needed to overcome this surgical problem [1,
3, 4]. Intraoperative imaging of brain tumors using
fluorescence is one of the major advances in neuro-
surgery over the past decades. Initially, this method
was used exclusively for surgery of high-grade gliomas
(HGG) [5-8]. In recent years, the use of fluorescence
has been extended to other cases, such as neuroimag-
ing suspicion of LGG on MRI (CT) or PET [3, 7, 9, 10].

Commonly used modern neuronavigation systems
(MRI spectroscopy, diffusion-weighted MRI, perfused-
weighted MRI, PET using amino acids) lack accuracy
when performing glioma resection due to the so-called
“brain shift”, leading to significant inaccuracies in image
management, since neuronavigation is based on pre-
operative image data. The occurrence of brain shift dur-
ing surgery with suspected LGG may preclude accurate
detection of the tumor margin and anaplastic lesion.
Insufficient intraoperative identification of LGG tissue,
as well as insufficient differentiation of intratumoral
HGG focal tissue, which is an anaplastic lesion in LGG
tissue, are a serious problem for the neurosurgeon. As a
result, incomplete resection is observed in 88% of cases
with surgical intervention for LGG, and histopathologi-
cal inaccuracy in postoperative diagnosis is not uncom-
mon in routine neurosurgical practice [4,6,7,9, 11].

Intraoperative imaging of brain tumor tissue using
fluorescence is one of the most effective methods for
visualizing tumor tissue during surgery [5, 6, 8, 13].
An analysis of modern literature sources has shown
that there are very few works that have published the
results of using fluorescence in LGG surgery [6, 7, 11,
14, 15].

In this study, we present our experience of using
fluorescent navigation in LGG surgery using a medici-
nal product from the e6 chlorin group as a photosen-
sitizer.

Materials and methods

The study involved 7 patients with LGG oper-
ated at the Russian Research Neurosurgical Institute
named after prof. A.L. Polenova. All patients under-
went fluorescent navigation with chlorin e6 during
tumor resection in case of suspected newly diagnosed
LGG. According to the postoperative pathohistologi-
cal examination, two pilocytic astrocytomas (PA), two
fibrillar protoplasmatic astrocytoma (FPA), two oli-
goastrocytomas (OA), and one oligodendroglioma
(ODG) were diagnosed. There were 4 men in the study,
3 women (see table).

Preoperative neuroimaging assessment in all
patients was performed according to MRI of the brain
with gadolinium contrast enhancement using a Sie-
mens apparatus (1.5 T) and PET with methionine. A
mandatory criterion for inclusion of a patient in the
study was the possibility of removing more than 90%
of the tumor tissue according to the expected MRI data
with contrast. To calculate the tumor volume from MRI
data, the diameters at right angles were measured in
the axial, frontal, and sagittal planes. The calculation
was carried out according to the modified ellipsoi-
dal volume according to the formula MER=A+B+C/2,
where A, B, and C are the orthogonal values of the
tumor.

Before surgery, all patients gave informed written
consent to the administration of chlorin e6. No side
effects associated with the use of 2nd generation chlo-
rin e6 (photoditazine, produced by VETA-GRAND LLC,
Russia) were noted in the study.

2 hours before the proposed durotomy, the patient
was intravenously injected with the medicinal prod-
uct chlorin e6 at the rate of 1 mg/kg of body weight,
dissolved in 200 ml of isotonic solution. The vial with
0.9% sodium chloride solution was previously closed
from the outside with an opaque material. During the
operation, a modified neurosurgical microscope (Leica
OHS-1) Karl Storz (Germany) with a built-in fluorescent
module manufactured by LOMO (Saint-Petersburg,
Russia) was used. During the operation, to visualize
fluorescent tissue areas, the microscope was con-
stantly switched to the fluorescent mode.

The fluorescence intensity was assessed using spe-
cial software RSS Cam - Endo 1.4.313, which makes
it possible to measure the fluorescence intensity in a
given place in real time in numerical terms (Fig. 1A).
The fluorescence intensity was distributed on a scale
from 0 to 9 points depending on the numerical indica-
tor in the software, where 0 is the complete absence of
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Clinical characteristics of the patients
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fluorescence, 9 is a bright red intense glow. During the
operation, a biopsy was performed from fluorescent
and non-fluorescent areas of the tumor. A total of 80
biopsy samples with different fluorescence intensities
were examined.

The biopsy material obtained during the operation
was fixed in 10% buffered formalin, dehydrated and
embedded in paraffin. Next, sections 3 um thick were
stained with hematoxylin-eosin.

Immunohistochemical (IHC) markers were also
detected, in particular, Ki-67 (MIB-1), p53 (TP53), and
VEGF (vascular endothelial growth factor) (Fig. 11).

The paraffin blocks were sectioned 3-5 pm thick,
deparaffinized using xylene, and rehydrated with
various concentrations of ethanol. Sections were dried
in a thermostat at 45°C. The standard IHC protocol was
used with antigen demasking in a water bath (GFL,
1002), using primary antibodies from Dako (Ki-67, Clone
Mib-1, cat. no. M7240; P53, Clone DO-7, cat. no. M7001;
VEGF, Clone VC1, cat. no. M7273) and imaging systems
from Diagnostic BioSystems (UMR1000PD-BMS).

The Ki-67 proliferation index was determined by
the percentage of cells with immunoreactive nuclei
to the total number of cells. According to WHO (2016),
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these parameters are as follows: G| - 1-3%, G Il - 4-5%,
G Il - 5-10%, G IV - an average of 15-20% and above.

For the IHC study of P53, monoclonal antibodies
DO-7 were used, which detect both wtP53 and mtP53.
Itis believed that the IHC response depends mainly on
the presence of mtP53 in the tissue, since wtP53 is a
short-lived protein with a half-life of no more than 20
min, and its content may be below the sensitivity of the
IHC study. The half-life of mtP53 lasts up to 24 hours, so
the level of its accumulation in the tissue is sufficient
for visualization. To quantify the proliferative activ-
ity, as well as the expression of the P53 protein, the
ratio of stained nuclei per 300 cells was calculated at a
magnification of 400 times. Conditionally, the follow-
ing gradation was adopted: no expression (0 points);
weak expression (1 point) - less than 10% of cell nuclei
are stained; moderate expression (2 points) - more
than 10% of the nuclei are stained, but less than 33%;
strong expression (3 points) — more than 33% of cell
nuclei in the tissue are positive. The color of more than
5% of cell nuclei was considered as the control level.

The expression level of VEGF was estimated as %
of the control level (0.4 ng/ml), the measurement was
carried out in ng/mg.

Subsequently, intraoperative fluorescence data
were compared with the data obtained from the
results of histopathological examination.

Statistical analysis was performed using the STA-
TISTICA 13.0 software package (StatSoft, USA). When
correlating non-binary variables such as Ki-67 (MIB-1),
p53 (TP53), VEGF, histological subtype with fluores-
cence intensity categorical variables, the Mann-Whit-
ney U-test was used. Statistical analysis of other data
was performed using non-parametric methods using
Spearman's rank correlation coefficient. Differences
were considered statistically significant at p<0.05.

Results

Visual fluorescence was obtained in 4 out of 7
patients. In 2 observations, fluorescence had a focal
character, in 2 cases it was homogeneous. Fluores-
cence was further studied using the RSS Cam-Endo
1.4.313 software (Fig. 1A). Out of 50 biopsies with vary-
ing fluorescence intensity, about 26% were false posi-
tives according to the software, which was confirmed
by histopathological examination. But, despite this,
the sensitivity of the technique in detecting tumor
sites was high (Fig. 1Bb) (p=0.002).

When studying the distribution of fluorescence
intensity in areas of tumor tissue depending on the
WHO histological classification of tumors of the central
nervous system (2016), it was found that ODG (Grade
Il) was characterized by a greater number of intense
fluorescence regions and a more developed vascular
network. The smallest number of fluorescence sites

was characteristic of PA (Grade 1), in addition, they
were characterized by the largest number of false posi-
tive fluorescence sites in the analysis of biopsy mate-
rial (Fig. 1B). Pronounced development of the vascular
network was characteristic of FPA.

In the study of the relationship between the fluo-
rescence intensity of LGG tumor tissue areas and the
data of their histopathological examination (Ki-67,
P53, VEGF), a direct correlation was obtained. The
higher the fluorescence intensity, the higher the Ki-67
nuclear expression index (p=0.002), the higher the
level of transcription factor of the cell cycle protein
P53 (p=0.002), the higher the level of VEGF expression
(p=0.001) (Fig. 2). A stronger correlation was between
fluorescence intensity and VEGF expression (p=0.001)
(Fig. 2Q).

A study of the sensitivity and specificity of the fluo-
rescent navigation method for LGG surgery, based on
the evaluation of histopathological data from fluores-
cent and non-fluorescent biopsy specimens, showed
that the sensitivity of the method was 72% (36/50), the
specificity was 56.7% (13/30) (p= 0.003).

Clinical example

A 45-year-old patient was admitted with a diagno-
sis of a mass lesion in the left temporal and parietal
lobes of the brain. From the anamnesis it is known that
he has been ill for a year, when he began to notice the
following symptoms: headache, difficulty in pronounc-
ing words, convulsions. The neurologist sent for an MRI
of the brain with contrast enhancement. A volumetric
formation of the left temporal and parietal lobes was
revealed, evenly accumulating a contrast agent with
a moderate change in the architectonics of the gyri.
According to PET-CT of the brain with methionine, the
accumulation index of the radiopharmaceutical agent
(RPQ) is 0.7.

During the operation, the method of fluores-
cent diagnostics with a preparation of the chlorin e6
group (photoditazine) was used. A microscope Leica-
OHS1 with a fluorescent module developed by LOMO
(St. Petersburg) was used. During the removal of the
tumor in the fluorescent mode, a red glow (5-6 points)
was noted, homogeneous in all areas of the altered tis-
sue. Histopathological examination revealed fibrillar-
protoplasmatic astrocytoma (Grade Il) (Fig. 3).

Discussion

In the study of Goryainov S.A. et al. [3], which
included 27 patients with morphologically confirmed
LGG, of which 14 were diagnosed with diffuse astro-
cytoma, 6 with ODG, 4 with PA, 2 with gemistocytic
astrocytoma, 1 with desmoplastic ganglioglioma, vis-
ible fluorescence of 5-aminolevulinic acid (5 -ALK) was
detected in 14 (52%) patients. According to the homo-
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Puc. 1. AHanu3 MHTEHCUBHOCTU lyopecueHLUN YHacTKOB OMyxoneBOoW TKaHU. A — aHanu3 dnyopecueHUUN YyHacTKOB TKaHU
C Ucnojsib3oBaHMeM nporpammHoro o6ecnedyeHnss RSS Cam — Endo 1.4.313; B — 3aBUCMMOCTb MEXXAY MHTEHCUBHOCTbIO ¢pnyopec-
LeHUun 6uonTtaTa u pesynbtata rMCTONIOrM4ECKOro uccnegoBaHus (onyxonb — HeM3MeHeHHass Mo3roBasi TKaHb) (p=0,002); C — pac-
npeaefnieHne UHTEHCUBHOCTU dpyiyopecLeHLUU B yHacTKax onyxoJieBoi TKaHM B 3aBUCUMOCTU OT M’MCTONOrMYECcKon Knaccupumkaymm
onyxonu no gaHHbiMm BO3 (MA — nunouutapHas actpouutoma, PrA — pubpunnapHo-npotronnaamaTuyeckas actpouutoma, OA — onu-
roactpouuTtoma, OAl — onurogeHapornuoma); D — rpaduk pacnpeaeneHnss UHTEHCMBHOCTU ¢plyopecLeHLMU B OTOOGPaHHbIX GuonTa-
Tax; E - ructonatonornyeckoe nccnegoBaHue y4acTKOB ONyX0/iu B 3aBUCMMOCTU OT UHTEHCUBHOCTU dNiyopecLieHLUN.

Fig. 1. Analysis of the intensity of fluorescence of areas of tumor tissue. A — analysis of the fluorescence of tissue sites using the
RSS Cam Endo 1.4.313 software; B — the relationship between the fluorescence intensity of the biopsy specimen and the result of
histological examination (tumor — unchanged brain tissue (normal brain)) (p=0,002); C - distribution of fluorescence intensity in
areas of tumor tissue depending on the histological classification of the tumor according to WHO data (PA - pilocytic astrocytoma,
FPA - fibrillar-protoplasmic astrocytoma, OA - oligoastrocytoma, ODG - oligodendroglioma); D — graph of the distribution of
fluorescence intensity in the selected biopsy specimens; E — histopathological examination of tumor sites depending on the intensity
of fluorescence.
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Puc. 2. 3aBUCUMOCTb MeXJy UHTEHCUBHOCTbIO (lyopecueHLUN yHacTKOB ONyX0JIEBOM TKAHU U UHAEKCOM SilepPHOI 3Kcnpeccum
Ki-67 (MIB-1) (A); akcnpeccuei TpaHCKpUNLUOHHOIO ¢daKTopa KnetoyHoro uukna P53 (TP53) (B) u VEGF (C).

Fig. 2. Dependence between the intensity of fluorescence of tumor tissue sites and the index of Ki-67 nuclear expression (MIB-1)
(A); cell cycle transcription factor P53 (TP53) expression (B) and VEGF expression (C).
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Puc. 3. duGpunnsapHo-npoTonnasmaTuyeckas acTpouuToMma neBoii TEMEHHON U BUCOYHO Jonel rolIoBHOro Mo3ra.
A - npeponepaunoHHoe MPT ronoBHOro mo3sra ¢ KoHTpactom (T2-pexxum);

B — M3T ¢ METUOHUHOM (MHAEKC HaKonneHus PO - 0,7);

C - HTpaonepaunoHHas KapTuHa 6e3 $GplyopecLEHTHOro pexuma;
D - uHTpaonepaunoHHas KapTuHa, nosy4eHHas Bo GpayopecLeHTHOM pexume ¢ XJ10pUHOM e6;

E - nocneonepaunoHHoe MPT,

F — dub6punnapHo-npoTonnaamaTuyeckas actpouutoma. OKpalwmMBaHme reMaToKCUMANH-303MHOM. UMMyHoructoxumus. Ye. 200;
G — 3Kcnpeccus 6enka nponndepaTtuBHoON akTUBHOCTU Ki-67= 9. UMmMyHoructoxumms. YB. 200;

H - akcnpeccusa TpaHCKPUNLUOHHOIO ¢paKTopa KnetoyHoro uukna P53 (+). UmmyHoructoxmmus. YB. 200;

| — akcnpeccus TpaHcKpunuuoHHoro ¢pakTtopa Olig 2. UMmyHoructoxumums. YB. 200;

J — akcnpeccus VEGF (+). UmmyHoructoxmumms. Ys. 400.

Fig. 3. Fibrillar-protoplasmic astrocytoma of the left parietal and temporal lobes.

A - preoperative MRI of the brain with contrast (T2-mode);
B — PET with methionine (index of RP accumulation - 0.7);
C - intraoperative picture without fluorescence mode;

D - intraoperative picture in fluorescent mode with chlorin e6;

E - postoperative MRI;
F — hematoxylin-eosin (magnification 200);

G - Ki-67 protein expression (index of proliferative activity — 9). Inmunohistochemistry. (magnification 200);
H - cell cycle transcription factor P53 (+) expression. Inmunohistochemistry. (magnification 200);

| — transcription factor Olig 2 expression. Immunohistochemistry. (magnification 200);

J — VEGF (+) expression. Immunohistochemistry. (magnification 400).

geneity of fluorescence, 7 tumors showed diffuse fluo-
rescence, 7 gliomas showed focal fluorescence. Cell
density and proliferation rate were significantly higher
in positive fluorescent samples than in negative fluo-
rescent samples.

Jaber M. et al. [9] found fluorescence in 16 (21.6%)
LGG patients out of 74. Fluorescence was partly asso-
ciated with weak enhancement on MRI and increased
radiopharmaceutical uptake on PET-CT, and was not
related to Karnofsky score, tumor size, or patients'
age. With regard to molecular markers, only increased
EGFR expression differed slightly (in 19% in fluo-
rescent tumors, versus 5% in non-fluorescent ones
(p=0.057). The median of the relapse-free period was

shorter in fluorescent tumors and amounted to 46.4
months (95% Cl 41.8-51.1 months). At the same time,
IDH status and the presence of fluorescence were
directly dependent on the duration of the period
before malignant transformation of the tumor and
overall survival.

When working with 5-ALA Ji S.Y. et al. [4] also
recorded fluorescence in Grade I-Il gliomas. Fluores-
cence was detected in 5 out of 9 patients with PA, in 3
cases of strong intensity, in 2 - weak. All PA could be
completely removed regardless of the positive fluores-
cence. Out of 87 patients with Grade Il gliomas, ODG
predominated (57.5%, n=50). The majority of ODG
showed no fluorescence (82.0%). However, there were
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9 cases of fluorescence with a positive result (18.0%),
including 2 cases with high intensity (4.0%). Out of
20 patients with diffuse astrocytic gliomas and OA,
fluorescence was absent in 18 cases, and focal fluo-
rescence was observed in 2 cases. Total resection was
achieved in 15 patients, including those with positive
fluorescence.

In an additional study published in 2017, Saito K.
et al. [16] evaluated the relationship between 5-ALA
fluorescence and proliferation rate, as well as molecu-
lar markers, including IDH1 mutation status and 1p19q
co-deletion in a series of anaplasia grade Il gliomas.
Univariate analysis showed that 5-ALA fluorescence
was significantly associated with proliferation rate, as
well as IDH1 mutation status and 1p19q co-deletion.
According to multivariative analysis, only IDH1 sta-
tus remained a statistically significant factor. Gliomas
with visible 5-ALA fluorescence showed a significantly
higher incidence of wild-type IDH1 tumors.

T. Tsurubuchi et al. [17] used chlorin e6 (talapor-
fin sodium) in LGG surgery. The scientists observed
strong fluorescence in a patient with PA, although
only 1 case was studied. In patients with ODG with a
large volume of the vascular bed of the tumor, they
also managed to reliably fix fluorescence during a
morphological study.

In the work of J. Akimoto et al. [18], studying intra-
operative fluorescence using the photosensitizer chlo-
rin e6 (talaporfin sodium), a weak fluorescence inten-
sity in all patients with Grade Il gliomas was revealed.
The average concentration of chlorin e6 in tissues was
1.62 ug/g in areas with strong fluorescence, 0.67 ug/g
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with weak fluorescence and 0.19 pg/g without fluores-
cence.

In general, fluorescent diagnostics is of limited
use in Grade |-l glioma surgery and can be used to a
greater extent for visualization of anaplastic areas of
the tumor. The sensitivity of the method, according to
different authors, varies from 20 to 58% [3, 5, 14, 15, 19,
20]. Fluorescence can serve as a marker for the onset
of malignant transformation and is an independent
marker in contrast to known prognostic factors. LGG
fluorescence can be taken into account when choos-
ing adjuvant therapy [3, 19].

In our study, we obtained a high sensitivity of
the fluorescent navigation technique in LGG surgery
(72%), which is most likely due to a small sample of
patients, and creates the need for further study of this
issue. However, the specificity of the technique (56.7%)
is comparable with the data obtained by a number of
other authors [3,9, 12, 17, 18].

Conclusion

The use of intraoperative fluorescent navigation
with chlorin e6 in the treatment of patients with low-
grade gliomas provides the doctor with additional
information about the structure of the tumor in a
particular patient, which allows the neurosurgeon to
individualize the approach to surgical tactics during
surgery. Further research in this direction seems prom-
ising in terms of determining the volume of resected
tissues, which allows maintaining the ablasticity of
the intervention and does not adversely affect the
patient's quality of life.
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