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open-access, which doesn't charge
publication fees. The field of interests are
clinical and experimental neurosurgery,
evolution and history of neurosurgery, and
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The official language of the journal is
English. The journal accepts the following
types of articles: Original studies, Case
reports, Review articles, Technical notes,
Historical & Socio-economical articles,
Letters to the Editor and Book reviews.
The journal uses single-blind peer review.
All submitted manuscripts are initially
assessed by an editor for suitability check.
Papers considered suitable for the journal
are then sent for review to independent
expert reviewers to evaluate the scientific
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Submitted manuscripts should conform to
the Uniform Requirements for Manuscripts
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Materials and Methods, Results,
Discussion, Conclusion, References), and
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abstract and keywords, figures, tables,
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CASE REPORTS

To be considered for publication, case
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and keywords, figures, tables, captions
and references). An unstructured abstract
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Case reports can have a maximum of 4
figures or tables. Case reports should not
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than 4 authors.

Review Articles (including
reviews and meta-analyses)
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Review articles must not exceed 6.000
words (excluding abstract and keywords,
figures, tables, captions and references)
with maximum 70 references and no more
than 6 authors. Systematic reviews and
meta-analyses should follow the guidelines
outlined in the PRISMA statement.

TECHNICAL NOTES

Manuscripts on technical notes should
have an unstructured Abstract and
corresponding sections as needed.

Historical & Socio-economical Articles

Historical or socio-ecomonical articles of
neurosurgical interest may be considered
for publication. These articles must not
exceed 6.000 words (excluding abstract
and keywords, figures, tables, captions
and references).

LETTERS TO THE EDITOR
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than 5 references and maximum 2 authors.
No abstract is needed.

BOOK REVIEWS

Reviews of books areinvited by the editorial
board. The maximum length is 800 words
of text (not including references) with
maximum 2 authors.

MANUSCRIPT PREPARATION

The submitted manuscript should be
accompanied by a cover letter which will
include the name, address, and e-mail
address of the corresponding author,
who is responsible for the communication
with co-authors on the progress and final
approval of the submitted manuscript.
The cover letter should also include a
statement that the manuscript is not
under consideration elsewhere, and that
the corresponding author certifies that all
co-authors have seen and approved the
submitted manuscript.

TITLE PAGE

The title page should include the Title of
the manuscript and the author details.
Al authors should include their full
name and affiliation on the first page of
the manuscript. One author should be
identified as the corresponding author
providing full contact information (Name,
title, institution, address, telephone,
e-mail). Statement on potential conflicts
of interest and sources of support of
any form should be included. The role of
each contributing author should be also
specified.

ABSTRACT

Submitted manuscripts should contain
a structured abstract of no more than
250 words with the following headings:
objective, material and methods, results,
conclusion. An abstract in Greek should be
provided. Case reports, Historical, Socio-
economical manuscripts and book reviews
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and should be maximum 150 words as
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KEYWORDS

Please provide 4 to 5 keywords, using
American spelling and avoiding general
and plural terms and multiple concepts to
be used for indexing purposes.

TEXT

Manuscripts should be submitted in Word.
Please use normal, plain font (e.g., 12-point
Times New Roman, double spaced) with
numbered pages. The manuscript should
have the following order: main text;
acknowledgments; references.
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Primary melanoma of the
central nervous system

Georgios D. Kafritsas', Georgios A. Alexiou’, Parmenion P. Tsitsopoulos?

 Department of Neurosurgery, University Hospital of loannina, loannina, Greece
2 Department of Neurosurgery, Hippokration General Hospital, Aristotle University
School of Medicine, Thessaloniki, Greece

Primary melanoma of the
central nervous system (CNS)
is extremely rare, accounting

for fewer than 1% of all
melanomas. Primary CNS
melanoma, as opposed to

metastatic melanoma, is
usually caused by melanocytes
in the leptomeninges.
These  melanocytes  arise
embryologically from neural
crest cells, underlining the

distinct developmental
of CNS melanomas [1,2].
Clinically,  for intracranial
located lesions nonspecific

symptoms such as headache,
focal neurological deficits, or
seizures may occur, whereas
for spinal lesions presenting
symptoms may be back or
neck pain along with a gradual,
asymmetrical myelopathy.
Magnetic resonance imaging
and cerebrospinal fluid (CSF)
cytology, are essential in
finding these lesions, but
conclusive diagnosis relies on
histological confirmation [3].

Molecular and genetic

profiling has shed light on the
pathophysiology of primary
CNS melanoma, identifying
common alterations in
genes such as BRAF, NRAS,

and c-KIT, comparable to
cutaneous melanomas [1-
3]l. However, primary CNS
melanomas  have  specific

biological characteristics.
Although they develop slower
than metastatic lesions,
their location and surgical
inaccessibility lead to poor
prognosis [3]. The disease's
rarity has made it difficult to
establish uniform treatment
methods. Surgical resection
remains the cornerstone of
management, sometimes
augmented by  adjuvant
therapies such as radiation
or targeted immunotherapy,
depending on the mutational

profile [3]. Recent
advancements in checkpoint
inhibitors and BRAF/MEK
inhibitors have showed

promise in extending survival
in advanced cases, while
their efficacy in primary CNS

melanoma especially warrants
further research [3].

Despite improvements, there
are still significant gaps in our
understanding and treatment
of primary CNS melanoma.
Because of the rarity of cases,
thorough clinical studies are
not possible, hence therapy is
guidedbycasereportsandbrief
series [2-3]. Multidisciplinary
approaches  that include
neurosurgery, oncology,
and radiation therapy are
critical to improving patients’
outcomes. Future research
should focus on molecular
characterization and tailored
therapy development, which
could open up new pathways
for precision medicine (1-3).
Increased  awareness, as
well as improved diagnostic
techniques, are required to
improve early detection and
prognosis for this rare but
complex disease.
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ABSTRACT

The most frequent malignant tumor
of the central nervous system in adults
with a dismal prognosis is glioblastoma
(GBM). Although surgery, radiation, and
chemotherapy are currently available
therapeutic options, the median surviv-
al span for GBM is still short, usually 15
months, with only a small percentage
of patients surviving for up to 5 years.
Flavonoids, curcuminoids, alkaloids, and
other natural substances have reported
to have anti-tumor properties and can
inhibit angiogenesis, promote apoptosis
and affect several signaling pathways.
Herewith, we review the current evidence
on natural compounds for glioblastoma
treatment.

Keywords: Natural compounds, glioblas-
toma, alkaloids, flavonoids

MNEPINHWH

O Lo ouyvoc kakonBng OyKog TOU KEVTPL-
KOU VEUPLKOU OUGTNHATOG O EVNALKEG [E
KaK™M TIpoyvwon silvat to yAotofAdoTwua.
[MapoAo ToU N XELPOUPYLKN eMEUPBACN, N
aktwofoAila kal n xnueloBepaneia eivat
onuepa dLabeoipec BepaTeUTIKEG ETLAO-
vég, n Stdpeon emBilwon elvat pikpn, me-
plou otoug 15 urveg, pe povo Eva pLkpod
TI0000TO aoBevv va eMLBLOVEL WG Kal
5 ypovia. Ta pAafovoeldn, Ta Koupkou-
pLvoeldn), Ta aAkahoeldn kat AAAeg du-
OLKEC ouoleg éxouv avadepbel OTL xouv
QAVTLKAPKLVLKEG LOLOTNTEG KaL UrtopoUv va
avaoTtelAouV TNV ayyELOYEVEDT), va TIPOA-
YOUV TNV amoOmTwon KAt va MNPeAcouV
SLadopeg onuatodotikég oboug. XInv
Tapoloa AvaokoTnon Tapouclaloupe
TA TPEXOVTA OTOLYELO OXETLKA HE TLG dU-
OLKEC EVWOELC yLa Tn Bepareia Tou yAoLo-
BAaotwuatog..

NEEELG KAELSLA: DUOLKEG EVWOELG, YAoLo-
BAdotwua, aAkaloeld), pAaBovoeldn.

INTRODUCTION

Glioblastoma (GBM), is the most common malignant tumor
of the central nervous system (CNS) with poor prognosis.
Currently, the therapeutic interventions include surgery, ra-
diotherapy and chemotherapy, however, the median surviv-
al period of GBM still remains short, ranging from 14 to 16
months with only few patients may reach up to 5 years (7).

Several drugs are FDA approved for GBM, with temo-
zolomide (TMZ) being the most standard chemotherapy.
Nevertheless, TMZ extends the median survival by only 2.5
months, while higher TMZ doses can cause systemic toxic-

ity (2). In addition, most drugs fail to penetrate the blood-
brain barrier (BBB), which allows the selective permeation
of certain low molecular weight substances and blocks
several chemotherapeutic agents (3). Due to the failure
of classical chemotherapies and targeted drugs, research
efforts have focused on the use of less toxic substances.
Various natural substances are therefore evaluated for
their potential as therapeutic agents for GBM patients
(4). These natural products may restrict tumor growth or
induce GBM cell death. Herewith we discuss some natural
compounds that may be used to treat GBM (Table 1).
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Table 1. Natural compounds that have been used to treat GBM and their function.

m NATURAL COMPOUNDS FUNCTION

Alkaloids Cell viability reduction
1 + Moschamine Cell death induction
+ N-(p-coumaroyl) serotonin | Cell cycle arrest
o Apoptosis— Autophagy induction
Curcuminoids
2 . Cell cycle arrest
» Curcumin ) . . ) .
Changes in gene expression and in molecular signaling
Apoptosis induction
3 Flavonoids Cell cycle arrest
» Quercetin Cell proliferation and viability reduction
Cell migration and angiogenesis inhibition
Coumarins
« Osthole . . .
. Apoptosis — Autophagy induction
« Umbelliferone,
4 . Cell cycle arrest
+ Esculin . . s
. Signaling pathway inhibition
+ 4-hydroxycoumarin
» 5-methoxypsoralen
Other Cell proliferation and viability reduction
5 « Carotenoids Cell migration inhibition
» Terpenes Apoptosis induction
» Tannins Cell cycle arrest
NATURAL COMPOUNDS Curcuminoids

Alkaloids

Alkaloids are a class of basic, naturally occurring organic
compounds, that contain at least one nitrogen atom. They
are derived from amino acids and can be synthesized by
plants and some animals as secondary metabolites. Al-
kaloids exhibit significant effects, such as anti-neoplastic,
anti-inflammatory, analgesics, local anesthetic and pain
relief, antimicrobial, antifungal and many other activities
(5). Regarding GBM several alkaloids have evaluated for
possible anti-glioma effect.

The indole alkaloid N-(p-coumaroyl) serotonin (CS) has
anticancer and antioxidant properties. In the U25TMG
and T98G glioblastoma cell lines, CS treatment results in
decreased cell viability, cell death, and cell cycle arrest at
G2/M and S-phase. Additionally, there was a dose-depen-
dent rise in CD15 and CD71 expression and no change in
CD24/CD44/CD56 expression. There was also a dose-de-
pendent increase in caspase-8 activity. Zebrafish were
used to text toxicity and even at a concentration of TmM no
mortality was found (6).

Moschamine is an indole alkaloid that has cycloxygenase in-
hibitory and serotoninergic effects. Using flow cytometry,
the effect of this agent on the cell cycle, apoptosis (annex-
in-propidium iodide), and the expression of CD24/CD44/
CD56/CD15 was tested in two glioblastoma cell lines.
Treatment with moschamine significantly reduced cell pro-
liferation in glioma cell lines tested, while induction of cell
death and cell cycle arrest was confirmed. In addition, there
was a dose-dependent decrease in CD24 and CD44 expres-
sion. Moschamine, also showed no toxicity in zebrafish even
at a concentration of TmM (7).
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Curcuminoids are natural polyphenol compounds derived
from turmeric. Turmeric (Curcuma longa) is a member of
the ginger family. Curcumin is one of the main components
and it has long been used as food and in traditional med-
icine in South Asia. Many preclinical studies have demon-
strated the anticancer effects of curcumin and other
curcuminoids in various types of tumors, including glioblas-
toma (8). Curcumin induced protective effects in normal
cells and multiple cytotoxic effects in tumor cells, such as
apoptosis, autophagy, modulation of oxidative stress, cell
cycle arrest, changes in gene expression and in molecular
signaling (9,10). Targeting the PI3K/Akt signaling pathway,
a crucial regulator of cancer cell survival, proliferation, and
resistance to apoptosis in glioblastoma, has been demon-
strated to be possible with curcumin. Other signaling path-
ways that may be modulated by curcumin are the NF-kB,
P53, Janus kinase/signal transducer and activator of tran-
scription, MAPK and Sonic Hedgehog [11]. Recent studies
also demonstrated that curcumin has a radiosensitizing ef-
fects in glioblastoma. One study pretreated cells with cur-
cumin using U87 and T98 glioblastoma cell lines before sub-
jecting them to 2 Gy or 4 Gy radiation treatments. Trypan
blue exclusion and MTT assays were used to measure cell
viability and proliferation, respectively, in order to compare
the effects of the combined treatment to those of curcum-
in or radiation alone. CompuSyn software was used to in-
vestigate synergistic effects, and flow cytometry was used
to evaluate cell cycle progression. When compared to each
treatment alone, the results demonstrated that the com-
bination of radiation and curcumin dramatically decreased
cell viability in both cell lines. Furthermore, compared to ei-



ther treatment alone, the combination treatment caused
a more noticeable G2/M cell cycle arrest. Curcumin and te-
mozolomide, interestingly, also promoted the mortality of
tumor cells [12].

Flavonoids

Flavonoids are polyphenolic compounds which are com-
posed by plants as secondary metabolites. Their primary
functions are to draw pollinating insects and protect plants
from UV.

The ability of flavonoids to penetrate the blood-brain bar-
rier is a significant characteristic with regard to glioblasto-
ma. This process is achieved through transcellular diffusion,
carrier-mediated transcellular transport or paracellular
diffusion through tight junctions between the endothelial
cells of the BBB (13). In both types of diffusion, the smaller
flavonoids are in favor because of their molecular size.

Quercetin is a natural flavonoid that showed anticancer
activity. Regarding glioblastoma, this agent exhibited sig-
nificant effect. Quercetin dramatically reduced glioma cell
migration and invasion and reduced the viability of glio-
blastoma cells both in vitro and in vivo. Additionally, quer-
cetin decreased the expression levels of EMT-related mark-
ers and reversed the EMT-like mesenchymal phenotype.
Additionally, quercetin inhibited glioblastoma's GSK-33/B-
catenin/ZEB1 signaling [14]. In U373MG cells, quercetin
treatment resulted in cell death and decreased cell viability.
Furthermore, quercetin therapy at high doses decreased
the cell viability of four glioma stem cell lines, but had no
discernible effect on the other two. In glioma stem cell
lines, quercetin treatment increased the p16-INK4 mRNA
and protein levels [15].

Coumarins

Coumarins are a class of compounds derived from plants.
They are produced as secondary metabolites, and when iron
availability is limited, their primary function is to facilitate
iron absorption. They are lactones, structurally constructed
by a benzene ring fused to a-pyrone ring. Coumarins have
been extensively studied as medicinal candidates for drugs
to treat various types of diseases. Strong pharmacologi-
cal activity, low toxicity and high bioavailability are prop-
erties that make coumarin to occupy an important place
in medicinal chemistry. Several efforts have been made in
developing coumarin-based antioxidant, antimicrobial, an-
ti-inflammatory, anti-neurodegenerative and anticancer
agents (16). Recently, 4-methylumbelliferone, a natural
coumarin derivative without associated adverse effects ,
increased the effect of temozolomide on metabolic activity
and proliferation in both U251 and LN229 glioblastoma cell
lines. Furthermore, this agent increased the effect of te-
mozolide in cell migration and MMP-2 activity [17]. Among
other coumarins, Osthole has been proven to be the most
effective in glioma cell lines. Cell death is produced through
apoptosis and, to a lesser degree, via autophagy [18].

Other natural compounds

Carotenoids, terpenes and tannins are, also, natural com-
pounds which have been studied as a possible treatment
in glioblastoma. Astaxanthin and Fucoxanthin showed an

10

ability to suppress cell proliferation and migration in glio-
blastoma cell lines (19-21). Natural terpenes display an-
ticancer properties by inducing apoptosis and cell cycle
arrest (22). Concerning the tannins, tannic acid induced an-
tiglioma activity, including cell viability inhibition, apoptosis
induction and cell cycle arrest (23).

CONCLUSION

Natural compounds are constantly gaining ground in the
treatment of various chronic diseases such as GBM. Re-
search efforts have been focusing on them due to their
special features consisting of low toxicity and high bioavail-
ability. By reducing cell viability, suppressing cell growth,
inducing cell death, and causing cell cycle arrest, these sub-
stances have already shown significant anticancer effect
against GBM in vitro. However, additional research and val-
idation in orthotopic glioma models are needed.
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ABSTRACT

Objective: We conducted a retrospective
study to determine the epidemiology of
intracranial tumors in our country based
on the data of cases that underwent sur-
gery in our clinic.

Material and Methods: We collected and
reviewed all cases of intracranial tumors
that were surgically treated at the Neu-
rosurgery Department of the University
Hospital of loannina from 2003 to 2023.

Results: From the beginning of 2003 to
the end of 2023, 823 cases were includ-
ed in our study, involving adult patients
aged 19-89 years, with a mean age of
56.6 years. The most common tumor
was meningioma, accounting for 32% of
cases, followed by glioblastomas, metas-
tases, and gliomas other than glioblas-
toma. Gliomas, including glioblastomas,
made up 37% of the tumors that were
surgically treated, making them the most
frequent type of both primary and over-
all brain tumors. Among the secondary
brain tumors, the most common primary
site was the lung, accounting for 43.55%
of cases, followed by tumors of unknown
primary origin. Between the two dec-
ades, we observed an overall decrease in
the number of cases surgically treated in
our clinic. However, the total number of
gliomas increased, mainly due to a rise in
glioblastoma cases.

Conclusions: The current study repre-
sents the first epidemiological research
on brain tumors in the adult population
of our country. Gliomas are the most
common type of tumor, primarily due
to the high number of glioblastomas,
the incidence of which appears to have
increased in the last decade. Finally, ac-
cording to our study's data, there is a
trend of decreasing overall brain tumor
numbers.

Keywords: intracranial, tumor, epidemi-
ology, glioma, meningioma.

MEPINHWH

Ewcaywyn: Mpaypatormou|oape pHia ava-
SpoLkn) HeAETN yLa Tov kaBoplopd tng
erdnuoloylag twv evOoKpAviwy OyKwvV
oTNV XWpa Hag cupudpwva pe ta dedopéva
TWV TIEPLOTATLKWY TIOU AVTLUETWTLOTN-
KAV 0TNV KALVLKY) HaG.

YAwko6 kat MéBoSog: YuMeEEape kat afL-
oMNoyT\OOE OANQ TA TIEPLOTATLKA HE EV-
Sokpavio oyko Tou uToPAOnkav ot
XELPOUpYLKT) efaipeon otn Neupoyel-
poupytkn KAwLkY) tou Mavemotnpiakol
Noookopeto lwavvivwv amé to 2003-
2023.

AmnoteAéopata: Amo tnv €vapfn Tou
2003 wg to téhog tou 2023, 823 mepL-
OTATLKA CUUTIEPLANIPONKAY 0TV PEAETN
pag kal adopouoav eviAkeg amd 19-89
ETWV, He Méon nAkia ta 56.6 £€tn. O ou-
XVOTEPOG OYKOG YTAV TO HUNVLYYLWHA OE

HELLENIC NEUROSURGICAL SOCIETY / JANUARY - APRIL 2025

To000ToO 32%, akohouBolpeva amd To
yAoLoPBAGoTWHA, TG METAOTACELG KAl Ta
Aoutd yAowwpata. Ta ylowwpata padl pe
™V TPOCBNKN Twv YAOLOBAACTWHATWY
avtlotoouoav 0to 37% TwV OYKWV TIoU
QVTLUETWTILOTNKAV KAl QTIOTENECAV TOV
TILO OUXVO TUTIO OYKOU TOOO OF TIPWTOTIA-
Beilc 600 KAl oe GUVOALKOUG OyKoug. ATtO
Toug Seutepottabeic OyKoug Tou eyKepA-
Aou 1 TILo cuyvn TipwToTadn sotia nrav
0 Tveupovag oe Toocooto 43,5%, ako-
AouBoUpevn amd Toug OYKOUC ayVWwoTou
mpwtomaboug eotiag. Metafl twv duo
OEKAETLWY TIAPATNPENOAWE LA CUVOALKN
pelwon Tou aplBuoU Twv TEPLOTATIKWV
TIOU XELPOUPYNBNKAV OTNV KAWLKY Hac.
Q0TO600 0 GUVOALKOG apLBudG TwY YAoLw-
pdtwy auEndnke kuplwg Aoyw tTng autn-
oNg TWV YAOLOBAQCTWHATWV.
Tupnepaopata: H mapouoa peAétn aro-
TeAel pla eTdNULOAOYLKY £peuva yLa
TOUG eVOOKPAVLOUC OYKOUC OTOV EVIALKO
TANBuoud NG XxWwPEag pac. Ta yAolwud-
TWV ATTOTEAOUV TOV TILO GUXVO TUTIO OYKOU
Kal autd odpetetal Kuplwg otov peydio
apLBuo6 yAdolofAacTwHATWY, 1) cUXVOTNTA
Twv omolwv patvetal va mapouctalel pia
avfnomn tnv tedeutala dekaetia. TéNog,
oUppwva pe ta Sebopéva tng HEAETNG
MaG, UTTAPXEL pLa Taon pelwong Tou ou-
VOALKOU apLlBoU Twv eVEOKPAVLWY OYKWV.
NEEeLG KAELOLA: evboKpavLOg, vedTIAaoHA,
erdnuLodoyia, yAolwpa, pnviyylwua
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INTRODUCTION

Brain Metastases are the most common brain tumors in
adults. Up to three out of ten patients with systemic ma-
lignancy will be diagnosed with brain metastases at any
age [1]. The most common primary tumors that will lead
to brain metastases are lung cancer, breast cancer and
melanoma, followed by kidney and unknown primary site
of cancer [2]. Primary malignant brain tumors are respon-
sible for over 15,000 deaths annually in the United States,
with an annual incidence of 7 per 100,000 individuals [3].
The symptoms of malignant brain tumors are nonspecific
and often include headaches (50%), seizures (20%-50%),
cognitive decline (30%-40%), and focal neurological defi-
cits (10%-40%) [3].

Over the past three years, the classification of central
nervous system tumors has changed to include molecular
profiling and immunophenotyping of the cells comprising
them [4]. This change is due to the fact that the expression
of certain markers determines the prognosis and survival
of patients. According to the World Health Organization
(WHO) classification of 2021, primary brain tumors is divid-
ed into the following categories: (1) Gliomas, glioma-neuro-
nal, and neuronal tumors, (2) Tumors of the choroid plexus,
(3) Embryonic tumors, (4) Tumors of the pineal region, (5)
Intra-axial and non-meningothelial tumors, and (6) Tumors
in the area of the pituitary[4].

In recent years, according to the Global Burden of Disease
2019 study database, brain tumors have been trending up-
wards, with mortality rates following a similar pattern. The
clear cause of this increase has not yet been elucidated [5].
Some researchers implicate the aging population and the
improved diagnostic accuracy of imaging and diagnostic
methods [6], while others propose various acquired and en-
vironmental factors [7].

This study is the first research that has been conducted in
Greece regarding the epidemiology of intracranial tumors
in adults. We will present all the tumors that have been sur-
gically treated at our clinic in the last two decades, from
2003 to 2023, along with the corresponding epidemiologi-
cal analysis of these cases
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Figure 1. Demographic statistics (age and gender) of the patients.
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MATERIALS AND METHODS

Over 1000 cases were operated on in our clinic from Janu-
ary 2003 to December 2023 due to space-occupying intra-
cranial lesions. Among these, 823 histological reports were
available, while the remaining cases were excluded from the
study. Overall, there were 700 primary intracranial tumors
and 123 secondary lesions. Additionally, one case involving
a 4-year-old patient was excluded. The demographic data
(age, gender and type of tumor) of the patients were also
analyzed.

We divided all the tumors into seven categories: glioblas-
toma (GBM), meningioma, gliomas (excluding GMBs), pi-
tuitary tumors, central nervous system lymphomas, me-
tastasis, and others. In the "other" category, the following
lesions were included: epidermoid cyst, pineocytoma, neu-
rocytoma, schwannoma/neurinoma, cerebellar hemangio-
blastoma, craniopharyngioma, colloid cyst, chondroma,
ganglioglioma, ependymoma, choroid plexus papilloma,
medulloblastoma, plasmacytoma, tumor of glial or neu-
ronal origin, and non-diagnostic biopsies that indicated a
primary brain tumor. We chose this classification because
the histopathological reports did not follow the same WHO
classification, as it has changed over time. Finally, we divid-
ed the histopathological reports into two decades, 2003-
2012 and 2013-2023, and compared the frequency of each
tumor category in each of these decades. The study was
approved from the institutional review board.

RESULTS

Of the 823 patients with intracranial lesions who underwent
surgery in our clinic and were included in the study, the aver-
age age was 56.6 years, with a range of 19 to 86 years, with
459% being females and 54,1% males (Figure 1). Among
the tumors, the one with the highest incidence rate was
meningioma (32,0%), followed by GBMs (24,0%) and me-
tastasis (15,0%). Gliomas, other types of tumors, pituitary
tumors, and central nervous system lymphomas accounted
for 13,0%, 12,0%, 3,0% and 1,0%, respectively (Figure 2). If
we include glioblastomas in the glioma category, according
to the WHO classification, it is clear that gliomas are the
most common tumor type, with a rate of 37.0%.
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Figure 2. Type of tumor according to the histopathological diagnosis.

Within the primary intracranial tumors, the most common
was the meningiomas accounted for 37,28%. The incidence
of the other primary intracranial tumors were for GBMs
28,20%, for gliomas (excluding GBMs) 15,28%, for pituitary
tumors 3,57%, for schwannomas 1,86%, for lymphomas
1,57%, for cerebellar hemangioblastomas 1,43%, for cranio-
pharyngiomas 0,71%, for gangliogliomas 0,57%, for neu-

rocytomas, primary melanoma, choroid plexus papilloma's,
and epidermoid cysts 0,43% each and for tumors of glial or
neuronal origin, ependymomas, chondromas, medulloblas-
tomas, pineocytomas, plasmacytomas and colloid cysts for
0,14% each. Lastly, 6,57% of the biopsies indicated a pri-
mary brain tumor but the pathologists regarded samples
as non-diagnostic. These results are depicted on Figure 3.
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LYMPHOMA, 259
OTHER, 14%

FITUITARY, 4%

Figure 3. Type of primary brain tumors according to the histopathological diagnosis.
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Itis worth noting that the total number of gliomas increas-

es to 42.56% with the addition of glioblastomas, making
it clear that this is indeed the most common category of
tumors. The histological type of the primary intracranial tu-
mors, the number of cases, and the percentage of patients
affected by each tumor type are presented in Table 1.

Table 1. Types of primary brain tumors.

™ Hitotogc type | =55 | procant

Meningiomas 261 37,28%
Glioblastoma 198 28,28%
Gliomas 107 15,28%
diegnostiobiopsy % 6.57%
Pituitary tumors 25 3.57%
Schwannoma-neurinoma 13 1,86%
Lymphomas 11 1,57%
5: rr:: :;2;1[3 stoma i R
Craniopharyngioma 5 0,71%
Ganglioglioma 4 0,57%
Neurocytoma 3 0,43%
Melanoma 3 0,43%
Choroid plexus papilloma 3 0,43%
Epidermoid cyst 7 0,43%
Ependymoma 1 0,14%
5ﬁ$&iﬁLMUma t 0,14%
'(I;Lr:ig;:r of glial or neuronal 1 0.14%
Pineocytoma 1 0,14%
Colloid cyst 1 0,14%
Plasmacytoma 1 0,14%
Chondroma 1 0,14%
Gliosis 1 0,14%

As for the secondary tumors, their primary origins were
from a wide variety of organs. The most frequent was the
lung at 43,55%, followed by cancer of unknown primary ori-
gin (CUP) at 17,89%. The remaining origins were as follows:
intestine 8,94%, melanoma 8,13%, breast 4,87%, urothelial
epithelium 4,06%, stomach 3,25%, kidney, squamous cell
cancer, and thyroid gland at 1.62% each. Finally, liver, pros-
tate, lymphoma, and larynx accounted for 0.81% each. The
primary origin of the secondary tumors, the number of cas-
es, and the percentage of patients affected by each tumor
type are presented in Table 2
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Table 2. The primary origin of the secondary tumors.

Primary tumor Metastasis
n=123

Lung 54 43,55%
Cancer Unknown Primary 22 17,89%
Intestine 11 8,94%
Melanoma 10 8,13%
Breast 6 4.87%
Urothelial epithelium 5 4,06%
Stomach 4 3,25%
Kidney 2 1,62%
Squamous cell cancer 2 1,62%
Thyroid gland 2 1,62%
Liver 1 0,81%
Larynx 1 0,81%
Lymphoma 1 0,81%
Prostate 1 0,81%
Lung Or intestine 1 0,81%

Examining the tumors that were surgically treated be-
tween the two decades, there appear to be differences in
the number of patients within each category of tumors.
Over the last 2 decades the number of patients undergo-
ing surgery for GBM increased, while on the contrary, those
who underwent surgery for metastasis, lymphomas, me-
ningiomas, gliomas (excluding GBMS), pituitary tumors,
and other types of tumors, decreased. These results are
presented in detail in Figure 4. Additionally, Figure 5 illus-
trate in detail the distribution of each tumor category each
year from 2003 to 2023. The number of all cases that were
operated on in our clinic between 2003-2012 and 2013-
2023 seems to have slightly decreased, with 428 cases in
the first decade and 395 in the second. Finally, if we include
GBMs in the gliomas category, we will see that the number
of patients increases from 114 to 159, indicating an overall
increase in gliomas over the past decade (Figure 6).
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Figure 4. Comparison between the two decades in every type of brain tumor.
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Figure 5. Number of each type of brain tumor in every year over the time from 2003-2023.
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Figure 6. Comparison between the two decades in every type of brain tumor including the total number of gliomas.
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DISCUSSION

Primary intracranial tumors are a relatively rare entity in
adults, affecting less than 2% of the population [8]. How-
ever, they account for 13-20% of deaths due to malignant
tumors in young adults and adults under 50 years old [9].
The high mortality rates are accompanied by high morbid-
ity rates, leading to poor quality of life for patients suffer-
ing from this type of tumors [9]. On the other hand, brain
metastases are much more common and are actually the
most frequent intracranial tumors [10]. It has been proven
that up to 26% of patients with cancer, who ultimately die
from it, will develop one or more brain metastases at some
point in their lives [1].

The epidemiology of primary brain tumors appears to
change over time. According to the Surveillance, Epidemiol-
ogy, and End Results (SEER) Program of the National Can-
cer Institute there was a total increase in the number of
newly diagnosed brain tumors the last decades, despite the
trend was descending during this decade [8]. On the other
hand, data from Cancer Research UK indicates a dramatic
increase in the incidence of the disease in the United King-
dom, with a 39% rise compared to the 1990s [11]. Similar
results were presented in the systematic review published
for the Global Burden of Disease Study, which highlighted
that over the past three decades there has been an in-
crease in the number of patients diagnosed with brain tu-
mors [12]. In our study, we found that there was a decrease
in the total number of patients who underwent surgery for
a space-occupying lesion in the brain. This finding aligns
with the SEER results for the last decade.

Among primary intracranial tumors, meningiomas are the
most common tumor type, followed by gliomas, according
to the Central Brain Tumor Registry of United States Sta-
tistical Report [13]. Among gliomas and malignant tumors,
the most common was GBM, something also confirmed in
our own results [13]. In our study we found that the most
common category of tumors undergoing surgery was gli-
omas (47.56%), if we include GBMs and the second most
common was meningiomas (37.28%). The difference in the
percentages may be due to the fact that individuals with
benign tumors such as meningiomas often choose not to
undergo surgery, whereas patients with gliomas are more
likely to undergo surgical intervention more readily and
promptly.

Secondary brain tumors represent the most common type
of brain tumor and are a devastating complication of pri-
mary malignancies, resulting in high rates of mortality and
morbidity [14]. They are also 5-10 times more common than
primary brain tumors, making them a major challenge for
neurosurgeons, oncologists, and radiation therapists. The
incidence of metastatic brain tumors appears to have in-
creased in recent years according to the literature [15,16].
However, our study revealed a decrease in metastatic le-
sions undergoing surgery during the second decade. The re-
duction in the number of metastases may be attributed to
the fact that these tumors can be treated using alternative
methods now , and surgery is no longer the only option for
these patients, unlike in previous years.

If we examine the tumor categories individually, we observe
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that the number of patients with glioblastomas and glio-
mas in general has increased over the past decade, while
the number of cases with meningiomas has decreased ac-
cording to our study results. In contrast to our findings, data
from the SEER-9 program indicated that the incidence of
gliomas appears to have stabilized over the past 20 years
[17]. Especially for GBMs, another study conducted in Malta
from 2008 to 2017 observed an increase in the incidence
of the disease during this decade, which is in agreement
with our own findings [18]. However, according to SEER-18
data the incidence of meningiomas appears to have in-
creased over the past 20 years during the initial years and
then remained stable thereafter [19]. The different results
between our study and the literature may be attributed to
our smaller sample size, different population demograph-
ics, and inclusion of only surgically treated cases, whereas
the literature includes all diagnosed cases. Moreover, most
of the pituitary tumors are no longer operated on in our de-
partment and that there was a period from 2019 to 2022
when the number of cases was limited due to the Covid-19
pandemic.

As for the secondary brain tumors we find that the most
common primary site was the lung followed by CUP, the
intestine, melanoma, breast and others. According to the
literature, the most common secondary brain tumor is lung
cancer, which is explained by the increased incidence of this
disease [20-22]. This finding is consistent with the results of
our study. Breast cancer appears to have the second high-
est frequency, followed by melanoma, kidney cancer, and
CUP [20-23]. Our results seem to differ from the literature,
which may primarily be due to the fact that the number of
patients included in our study only involved cases that un-
derwent surgery. Additionally, demographic characteristics
can vary from region to region within a country.

At the moment, there are no epidemiological studies re-
garding brain tumors in our country, except for one study
focusing solely on the pediatric population from a single
center [24]. Although there are databases with epidemio-
logical data on brain tumors, such as those from the SEER
program [8], it is unclear how applicable they are to our
population. Our study is unique in our country but has lim-
itations due to its small sample size and the fact that our
hospital is small, which may not represent all cases in our
country. A larger, multi-institutional study on the epidemi-
ology of brain tumors in the adult population of our country
is deemed necessary to draw more accurate conclusions
about the incidence of brain tumors here.

Limitations

First of all, the number of cases included in the study was
very small and pertained to only a small area of our country,
so the results may not be representative of the entire coun-
try. Additionally, the study was retrospective, and many
cases were excluded because there was no final histological
biopsy to confirm the tumor. Finally, our results include only
cases that underwent surgery, not all cases that were diag-
nosed with brain tumors in our hospital. For this reason, the
comparisons made with the literature are not entirely rep-
resentative of the total number of patients who presented
to our clinic due to an intracranial malignancy.
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CONCLUSIONS

Concluding, our study on the epidemiology of brain tumors
from 2003 to 2023 in the adult population of Greece rep-
resents the first extensive research of its kind in our coun-
try. From the results, we observed a slight decrease in the
overall number of cases over the last decade compared to
the previous one. However, there was an increase in the
number of patients undergoing surgery for gliomas, par-
ticularly glioblastomas. This observation may indicate an
increase in the incidence of the disease in our region. These
findings warrant further investigation and a larger multi-
center study involving more hospitals across Greece to pro-
vide a more comprehensive picture of the epidemiology of
brain tumors in our country.
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ABSTRACT

Introduction: Pseudo-tails are frequently
linked with occult spinal dysraphism. We
present a peculiar case of a lumbosacral
pseudo-tail in a male newborn associat-
ed with a congenital dermal sinus. which
later developed tethered cord that re-
quired surgery.

Case presentation: A 2.2 kg male baby
was born at 39 weeks of gestation. Clini-
cal examination revealed a soft, skin cov-
ered protrusion located just right of the
midline, near the lumbosacral junction,
resembling a human tail. Magnetic res-
onance imaging (MRI) of the spine iden-
tified a dermal sinus tract continuous
with the dermal appendage. At 3 months
of age, surgery was performed under
general anesthesia where the tract was
explored and removed. After the age of
3, the parents noticed that he was un-
able to walk at a fast pace and run. A
repeat MRI of the spine showed spinal
dysraphism in the form of spina bifida at
S1 and low-lying tethered spinal cord. A
second operation was performed where
the dura was opened and detethering of
filum terminale was done under the mi-
croscope. The child recovered well after
surgery with no complications. Postop-
erative MRI at 18 months confirmed the
release of filum terminale. At the last
follow -up. his neurological status was
normal and he was able to walk and run
without any difficulty.

Conclusions: Human tails are often as-
sociated with spinal dysraphism and
other lesions which should be operated,
if indicated. Long-term surveillance is
also highly recommended to detect and
prevent progressive neurological deficits.

Keywords: Pseudo-tail, Dermal Sinus
Tract, Tethered Cord, Surgical treatment

MEPINHWH

Ewaywyn: Ou geudooupég ouvbéovtal
ouxva pe tnv mapoucta AavBavouoag
SLoxLdouc paxng ot oTovOUALKY) GTAAN.
Mapouotaletatr pa mepimtwon Yeudo-
ouUpAg oTNV ooduolepn Holpa ot Appev
VEOYEVVNTO TIOU OXETL(OTAV LE OUYYEVN
SepUaTLKO TIOPO KAl apyoTEPA AVETITUEE
KaBNAwom Tou TEALKOU Vratiou.

Mapouciaon mepLotatikou: Appnv ve-
oyvo 2,2 KLAwv yevvnnke otig 39 €Bdo-
péadeg kUnong. H kAwikr) e€étaon aro-
KAAUYPE pLla MOAAKY), KAAURHEVD HE TO
b¢ppa mpoetoxn akplPwg Setla amd
MEOTM YPOUUN, KOVTA otnv ooduolepn
oupBoAn, Tou opolale pe avBpwrvn
oupd. H payvntkn topoypadia (MRI)
NG OTOVOUALKNG OTAANG EVTOTILOE TNV
Tapoucia SEpIATLKOU TIOPOU O CUVEXELA
pe tn Seppatikny alolwon. Xe nAkia 3
UNVWY, €YLVE XELPOUPYLKT eTépfBaon i
gpevvnong kat adailpeong Tou TOPouU.
Metd v nAkia twv 3 eTwy, oL yovelg
mapatrpnoav 6t to awdt dev pmopoloe
Va TIEPTIATNOEL HE YPY)YOPO PUBUO oUTE
Kat va teekel. H payvntkn topoypadla

NG OoTIOVOUALKY|G 0THANG €6eLEe KaBNAw-
HEVO TEALKO vndatio. Mpaypatomowfnke
Seutepn emépPaon 6mou N pnvLyya avol-
XTNKE Kat akohouBnoe 1 Statopn Tou te-
AwoU vnuatiou kal n ameAeuBépwon tng
KaBNAwong katw amd To HLKPookoTLo. To
madl avappwoe kaAd peta tnv emeppa-
on Xwplg emumAokég. H peteyxelpnTikn
HAyVNTLKY) Topoypadia otoug 18 unveg
e PBeBaiwoe TNV KATACTAON TOU TEALKOU
vnuatiou petd to xeLpoupyelo. LInv te-
Aeutala KAWVLKT EKTLUNGOT, 1] VEUPOAOYLKY)
TOU KATAOTAOT NTav GpuaLloAoyLkn. Mro-
poUoE va TePTATNOoEL, AAAA Kal va TPEEEL
xwplg SduokoAia. @a cuvexloel va mapa-
KOAoUBELTAL yLa TO EVOEXOHEVO ETIAVAKA-
BnAwong Ttou TeAkoU vnpatiou, aANG kat
epdAvIoNG 0pBOKUCTIKWY SLaTapaywv.
Yupnepaopata: O avBpwmiveg oOUpEg
ouyva ouvdeovTal e SLoyLdT| paxm, alka
Kat pe aAeg PAABeg. Xe meplmtwon Tou
TPOKAAoUV cupmtwuata, Ba TpEmeL va
XELPOUPYOUVTAL KATW QTIO OUYKEKPLLE-
veg evlel&elg, TuvioTdtal 1 pakpoypovia
mapakoAouBnon wdaitepa yia tov evrto-
TILOUO KAl TNV TIPOANYN VEUPOAOYLKWV
Statapaywv.

NéEerg kAewdLa: Weupo-oupd, Zuyyevng
Seppatikdg TOpog KABNAWHEVN TEALKO
VNHATLO, XELPOUPYLKY) AVTLHETWTILOT.

INTRODUCTION

Skin covered appendages of the lumbosacrococcygeal re-
gion considered human-tails are rare malformations [1].
True-tails are benign lesions independent from spinal cord
or cauda equina, whereas pseudo-tails are highly associat-
ed with occult spinal dysraphism [2]. Dermal sinus tracts
are also uncommon and extend from the skin to deeper and
variable structures [3]. Assessment must include complete
neurological history and examination as well as detailed ra-
diological workup [1].
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We present a peculiar case of a lumbosacral pseudo-tail in
a male newborn associated with a congenital dermal sinus
which later developed tethered cord that required surgery.

CASE PRESENTATION

A 2,220 kg male was born by vaginal delivery at 37 weeks of
gestation. Clinical examination revealed a soft, skin covered
protrusion approximately 1.5 cm in length and 0.5 cm in di-
ameter, located just right of the midline, near the lumbosa-
cral junction, resembling a human tail (Figure 1). The neuro-
logical examination was normal.
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Figure 1. The pseudo-tail before surgical excision.

Figure 1. Magnetic Resonance Imaging (MRI) of the spine
after birth showing the dermal sinus tract..

Magnetic resonance imaging (MRI) of the spine identified a
dermal sinus tract continuous with the dermal appendage,
extending from the thecal sac to the spinal canal and termi-
nating at the dura mater at the L5-S1 level. No spinal cord
tethering was initially detected (Figure 2).

At 3 months of age, surgery was performed under general
anesthesia. During surgery the pseudo-tail was removed
and the dermal sinus was ligated just over the dura through
a vertical incision encircling the base of appendage. Histo-
pathological examination confirmed the presence of dermal
sinus tract as well as findings indicative of a fibrous hamar-
toma of infancy. The postoperative period was uneventful.
After discharge, he was followed closely by the pediatricians
and neurosurgeons retaining a normal neurological status at
6,12 and 24 months of follow-up.

After the age of 3, his parents noticed that he was unable
to walk at a fast pace and run. A repeat MRI of the spine
showed spinal dysraphism in the form of spina bifida at S1
and low-lying tethered spinal cord (Figure 3).
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A second operation was performed where the dura was
opened and detethering of filum terminale was done un-
der the microscope. The dura was closed watertight using
microsurgical techniques. The child recovered well after
surgery with no complications. Postoperative MRI at 18
months confirmed the adequate release of filum terminale.
At last follow-up his neurological status was normal and he
was able to walk and run without any difficulty. Neverthe-
less, mild bladder problems in the form of urinary bladder
distention were recorded which are under investigation.

DISCUSSION

According to Dao and Netsky, some features can distin-
guish true tails from pseudo-tails. A true human tail is the
distal, dermal-covered, midline protrusion which is a rem-
nant of the unvertebrated embryonic tail, developed be-
tween the fourth and eighth week of fetal development.
It contains adipose and connective tissue, striated muscle
with ganglion cells, blood vessels and nerve fibers. True ves-
tigial tails are not benign abnormalities and may be asso-
ciated with underlying dysraphic state. On the other hand,
the pseudo-tail is a secondary lumbosacral, mobile protru-
sion caused by anomalous prolongation of vertebrae, lipo-
ma, teratoma or glioma and is often associated with occult
spinal anomalies [4].

Spinal dysraphism and tethered cord have a reported as-
sociation with human tails at 49% and 20%, respective-
ly [2]. Review of the literature showed spina bifida to be
the commonest co-existing abnormality [5]. In the current
case, MRI showed a congenital dermal sinus tract extend-
ing from the appendage to the spinal canal at the L5-S1
level. Of note, the association of pseudo-tail with dermal
sinus tract is uncommon compared to other forms of dys-
raphic state [3, 6, 7] (Table 1).

Figure 3. Magnetic Resonance Imaging (MRI) of the spine
after birth showing the dermal sinus tract..

AUTHORS YEAR TITLE FINDINGS

Myelomeningocele and thick filum
Chakrabortty et al. 1993 terminale with tethered cord appearing
as a human tail. Case report

Spina bifida: most frequent coexisting anomaly with
human tail

Fatty mass in the lumbosacral region was the most
common presenting complaint in a series of 97
patients (5 of them presented with tail-like caudal
appendages)

Managementoflipomyelomeningoceles.
Hoffman et al. 1985 Experience at the Hospital for Sick
Children, Toronto

Of the 59 cases with caudal appendages, 50% were
Luetal. 1998 The human tail associated with either meningocele or spina bifida
occulta

Of 48 skin-covered lumbosacral masses, 67% were
McLone et Naidich 1985 Terminal myelocystocele lipomas and lipomyelomeningocele, 25% teratomas,
4% meningocele and 4% terminal myelocystoceles

Cutaneous signs of spinal dysraphism.
Report of a patient with a tail-like | Cutaneous signs in more than 50% of instances with
lipoma and review of 200 cases in the | occult spinal dysraphism

literature

Tavafoghi et al. 1978

Table 1. Cases of human tail associated with spinal dysraphism reported in the literature.
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Skin lesions, such as caudal appendages, associated with
spinal dysraphism are a well documented finding [8, 9].
Therefore, management of any true tail or pseudo-tail
should include a thorough neurological examination and
imaging studies of the vertebral column with computed
tomography and/or MRI for evaluation of possible spinal
anomaly [1].

In the past, plain radiographs were the only available tool
[2]. Recently, computed tomography (CT) and MRI have
revealed more detailed information about the associated
defects (meningocele, myelomeningocele, lipomas, tera-
tomas, tethered spinal cord etc) [1]. The optimal modality,
however, for examining the caudal appendage and its inter-
nal surroundings is MR, especially at the area between the
lower thoracic vertebrae and the coccyx [2].

These patients require close follow-up to detect the devel-
opment of tethered cord and prevent progression of neuro-
logical symptoms. Therefore, imaging at least at an annual
basis is essential [2]. In the present case, the patient devel-
oped symptoms related to tethered cord some years lat-
er, although living a normal life. Despite an unremarkable
neurological examination and a normal x-ray of the spine, a
spinal MRI should always be performed and carefully inter-
preted [1]. Bladder problems are common in cases of spinal
cord tethering and are not easy to handle [10].

When a human tail is identified, a thorough clinical and radi-
ological examination is mandatory since its innocent-look-
ing appearance may prompt the surgeon to perform only
a superficial excision of the malformation [8]. However,
special attention is required to deal with co-existing ab-
normalities as well [11]. Primary and most common treat-
ment method for removing caudal appendages is surgery
[12]. In cases of tails without interior connection, a simple
excision is usually feasible. When an accompanying spinal
dysraphism is diagnosed, neurosurgical intervention is sug-
gested [12]. Urgency depends on the abnormality and the
presenting clinical symptoms. In more serious cases, such
as symptomatic tethering of the spinal cord, microsurgery
with untethering should be performed as early as possible,
ideally before 2 years of age, to avoid future neurological
deficits and disability [2].

CONCLUSION

Human tail is a rare anomaly. It should be carefully investi-
gated and closely monitored, because it is often associated
with spinal dysraphism and other lesions. Treatment should
be done the earliest possible. Long-term surveillance is also
highly recommended to detect and prevent progressive
neurological deficits especially in the presence of progres-
sive spinal cord tethering.
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ABSTRACT

Brain  arteriovenous  malformations
(bAVMs) are relatively rare congenital
lesions characterized by high blood flow
through an abnormal arteriovenous
shunt. Despite recent advances, man-
agement of bAVMs - especially unrup-
tured ones - remains controversial. We
present the case of a 22-year-old man
with a right sided 3cm temporal bAVM
incidentally identified after a road traffic
accident. The lesion was treated with a
combination of endovascular emboliza-
tion and radiosurgery. Technical details
of the case as well as the natural his-
tory and treatment algorithms for the
disease are discussed. Neurosurgeons

of bAVMs calls for special consideration
and decisions should always be made on
a multidisciplinary team basis.

KEYWORDS
AVM, Cerebral vascular malformations,
Embolization, Onyx Embolization.

MNEPIAHWH

OL aptnplodpAeBwdelg duotmhacieg tou
eykedpahou (ADA) eival oxeTkd omavi-
e¢ ouyyevelg BAABeg mou xapaktnpeilo-
vtat and uPnAr pon alpatog HECW HLAG
AVWHAANG aptnpeLodAeBLkng pong. Mapd
¢ mpododateg eEelifelg, n Slaxeiplon
Twv ADQA - eldlkd autwv Tou dgv €xouv
uttooTtel pNEN - TaPAPEVEL AUDLAEYOUE-
vn). Mapouctaloupe tnv Teplrtwon evog

22ypovou avépa pe Oefld KpotaduLkn
ADA, 3 cm, Ttou evtoTloTnKe TuXala PeTd
amo tpoyato atuxnua. H BAGPN avtipe-
Twrilotnke pe ouvbuaoud evboayyela-
KoU €UBOALOHOU KAl OKTLVOXELPOUPYLKTG.
Yudntolvtal oL TEXVLKEG AETITOMEPELEC,
N duoLkn eEEAMEN kal o alyoplBuog Oe-
paretag. Ou veupoyxelpoupyol TIPETEL
va yvwpllouv OTL 1) TIOAUTIAOKOTNTA TwV
eykepahkwv ADA  amattel WSaitepn
T(POCOX M KAl To Bepameutikd TAAVO TIpé-
TEL TTAvVTa va kataptietal amod pia Sie-
TILOTNOVLKT opdda.

NEZEIZ KAEIAIA
AptnprodAefwdng Suomhacia, epPoAL-
opog, Onyx.

need to be aware that the complexity

INTRODUCTION

Brain arteriovenous malformations (bAVMs) are relative-
ly rare congenital lesions characterized by high blood flow
through an abnormal arteriovenous shunt. Despite recent
advances, management of bAVMs - especially unruptured
ones - remains controversial. Decision making is primarily
based on the mode of presentation and the angioarchitec-
ture of a given lesion but other factors (e.g. patient’s age and
comorbidities) need to be taken into consideration as well.
Our case is that of an unruptured right sided 3cm temporal
bAVM which was treated with a combination of endovascu-
lar embolization and radiosurgery.
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CASE DESCRIPTION

A 22-year-old man was referred to our hospital due to a
bAVM incidentally identified on cranial imaging after a road
traffic accident (Figure 1 - 3). The patient's neurological
examination was completely normal and he denied symp-
toms that could be in any way related to the lesion (sei-
zures, headaches etc). His past medical history was unre-
markable and he reported no use of medications or other
substances.
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Figure 1. Unenhanced axial CT scans revealing a right
temporal lobe lesion reported as a brain AVM. A focal
area of calcification can be seen on the anterior aspect
of the lesion.

Figure 2. Axial T2 (Left) and sagittal T1 (Right) weighted MRl images confirming the presence of a right posterior temporal lobe AVM. Note the presence of
two large intranidal venous varices.
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Figure 3. Reconstructed MRA image showing the temporal bAVM.

As part of the patient's initial evaluation, a DSA was per-
formed to further investigate the malformation in hand and
its angioarchitecture (Fig. 4). Images confirmed our previous
findings. The AVM had a 3cm compact nidus and was situat-
ed on the right posterior temporal lobe. Arterial supply was

mainly through the temporo-occipital branch of the MCA.
A secondary proximal MCA feeder could also be identified.
Drainage was through large tortuous veins running into the
straight, the cavernous and the superior sagittal sinuses. No
intranidal or other flow related aneurysm could be seen.
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Figure 4. (Top) Initial DSA, lateral view. Temporal AVM supplied by the MCA (yellow and red arrows) with the main feeder (red arrow) being its temporo-occip-
ital branch. Drainage is through tortuous veins running into the superior sagittal, the cavernous (black arrow) and the straight sinuses. No ECA involvement
was noted. No flow related aneurysm was identified. Note the formation of two large intranidal venous varices. (Bottom) Initial DSA, lateral AP view. Descrip-
tions as above. The purple arrow shows the superior saggital sinus and the green arrow the straight sinus.

After detailed discussion of these findings in an MDT meet-
ing with the neurosurgical team, the malformation was clas-
sified as a Spetzler-Martin Grade Il AVM and a combination
of stereotactic radiosurgery plus embolization was proposed
to the patient. The aim of the endovascular treatment would
be, in this context, to reduce both the size and the flow of the
AVM, facilitating subsequent complete obliteration through
y-knife.

HELLENIC NEUROSURGICAL SOCIETY / JANUARY - APRIL 2025

The endovascular procedure was performed under general
anaesthesia. A 6F sheath was placed in the right common
femoral artery and a 6F Envoy guider was used to selectively
catheterize the right ICA. Using roadmap, and over a Trax-
cess 14 guide wire, two microcatheters, an Echelon 10 and
- subsequently - a Marathon, were navigated close to the
nidus and past the last cortical branch of the AVM's main
arterial feeder (Figure 5 & 6).

27



Figure 5. Embolization procedure. Right ICA injection, working projections  Figure é. Embolization procedure. The Echelon and Marathon microcath-
(lateral view). eters were navigated close to the AVM nidus over a Traxcess 14 guidewire
(Echelon - red arrow, Marathon - yellow arrow).

Using the Echelon microcatheter, a 4mm X 10cm OrbitGal- | shunt (Figure 8). A final angiogram confirmed a satisfactory
axy G2 coil was deployed within the feeding artery to reduce | haemodynamic result and the procedure was terminated
blood flow and provide a scaffold for the Onyx injection (Fig- | (Figure 9). Haemostasis was achieved with the aid of a 6F
ure 7). In total, 2.71 mls of Onyx 18 were injected through | AngioSeal device. The patient awoke in the angio suite with
the Marathon microcatheter and over 30 minutes, partial- | no new neurological deficits and he was later on discharged
ly occluding the AVM nidus and significantly reducing the | home with a plan for a repeat angio in 3 months.

Figure 7. Embolization procedure. Deployment of the coil through the Ech-

glon microcathetar Figure 8. Embolization procedure. Onyx injections. Despite reflux, preserva-

tion of a cortical vessel branching off the AVM'’s main arterial feeder (red
arrow).
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Figure 9. Onyx cast AP (Left) and lateral (Right) views.

DISCUSSION

As already mentioned, bAVMs are relatively rare congeni-
tal lesions characterized by high blood flow through an ab-
normal arteriovenous shunt. Typically, feeding arteries of a
bAVM connect to a network of poorly differentiated, imma-
ture and structurally ambiguous vessels (nidus). Oxygenat-
ed blood rushes through them directly into the venous sys-
tem, without any gas exchange occurring in a capillary bed
(i.e. non-nutritional flow). In rare occasions (<2%), bAVMs
may take the form of a direct communication between an
enlarged artery and a vein with no interposed nidus (fistu-
lous AVMs) [11.

Most bAVMs remain silent throughout life and only 12% of
cases become symptomatic [2]. Common presentations in-
clude haemorrhage (50%), seizures (30%) and headaches
(15%) (Mast, 1995). AVM associated focal neurological defi-
cits are caused by either mass effect or steal phenomena.
Rare forms of presentation include dilated facial and scalp
veins, heart failure (infants) and obstructive hydrocephalus
(enlarged vein of Galen as a channel for AVM drainage) [3].

Despite recent advances in disease understanding, man-
agement of bAVMs remains controversial. In general,
treatment is offered in all patients with an AVM related
haemorrhage as well as young patients with one or more
risk factors for AVM rupture. Given that surgery still pres-
ents today as the mainstay treatment, the risk of surgical
morbidity and mortality associated with a given lesion
needs also to be considered. Facilitating decision making,
the Spetzler-Martin AVM classification system grades le-
sions according to their surgical difficulty and taking into
account their size, location and pattern of venous drainage
[4]. Based on the Spetzler-Martin scheme, AVM manage-
ment guidelines have been produced and published by the
American Heart Association in 2001 [5]:
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Grade | and Il lesions

First line treatment for low grade lesions is surgery. Pre-
operative embolization to obliterate inaccessible arterial
feeders is an option, it should be instituted though no more
than a week prior to the main procedure to avoid re-growth
of deep perforators. Radiosurgery should be reserved for
selected cases (e.g., patients with comorbidities, deep le-
sions or lesions involving eloquent areas).

Grade lll lesions

Treatment should be through a combination of emboliza-
tion and surgery or radiosurgery. Pre-surgical embolization
improves outcome by (1) eliminating deep or surgically inac-
cessible feeders, (2) decreasing the nidus size (shorter sur-
gical times and less blood loss), (3) providing a «road map»
for the surgeon (embolized vessels are easier to identify
intraoperatively), (4) preventing normal perfusion pressure
breakthrough (staged therapy) and (5) eliminating angio-
architectural characteristics associated with increased risk
of intraoperative haemorrhage (intranidal or other flow
related aneurysms). Pre-radiosurgical embolization facili-
tates y-knife by shrinking the nidus (<3cm or <10cm3) and
occluding high flow fistulas that can be refractory to radia-
tion treatment. It also obliterates AVM related aneurysms
that represent a risk factor for haemorrhage during the ra-
diation latent period (up to 3 years). Note that, in a recent
study, risk of permanent morbidity and mortality after AVM
embolization with Onyx was 5% and 2% respectively [6].

Grade IV and V lesions

High grade lesions are regarded as incurable and, unless a
patient has repeated haemorrhages or progressive neu-
rological deficits, conservative management seems to be
the first option. Should treatment be needed, this is on a
case by case basis and through a multimodality approach.
It should be mentioned here that partial obliteration of an
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AVM does not protect from haemorrhage and may even
worsen the clinical course of the lesion. Nevertheless, for
incurable AVMs, targeted or palliative embolization to low-
er rupture risk or ease symptoms respectively are viable op-
tions. An alternative is staged radiosurgery.

CONCLUSION

Management of brain AVMs has always been a challenge
for physicians. Despite recent advances, today's trend
seems to move away from aggressive treatment and to-
wards a more conservative approach. In every case, the
complexity of the disease calls for special consideration
and decisions should always be made on a multidisciplinary
team basis.

PATIENT CONSENT
Written informed consent was obtained from the patient.

CONFLICT OF INTEREST
None

FUNDING
None

ACKNOWLEDGEMENTS
None

SOURCES OF SUPPORT
None

30

REFERENCES
M. Forsting and I. Wanke, “Intracranial Vascular
Malformations and Aneurysms,” Intracranial Vascular
Malformations and Aneurysms, 2008, doi: 10.1007/978-3-
540-32920-6.

"Arteriovenous malformations of the brain in adults,” N Engl
J Med, vol. 340, no. 23, pp. 1812-1818, Jun. 1999, doi: 10.1056/
NEJM199906103402307.

M. S. Greenberg, Handbook of neurosurgery, 7th ed. Thieme,
1997.

R. F. Spetzler and N. A. Martin, “A proposed grading system
for arteriovenous malformations,” J Neurosurg, vol. 65, no.
4, pp. 476-483,1986, doi: 10.3171/JNS.1986.65.4.0476.

C.S.Ogilvyetal.,"AHA Scientific Statement: Recommendations
for the management of intracranial arteriovenous
malformations: a statement for healthcare professionals from
a special writing group of the Stroke Council, American Stroke
Association,” Stroke, vol. 32, no. 6, pp. 1458-1471, 2001, doi:
10.1161/01.5TR.32.6.1458.

W. J. van Rooij, M. Sluzewski, and G. N. Beute, "Brain
AVM  Embolization with Onyx,” American Journal of
Neuroradiology, vol. 28, no. 1, 2007.

HELLENIC NEUROSURGERY 2025: 3



CASE REPORT

Primary spinal melanoma

Georgios D. Kafritsas', Georgios A. Alexiou', Redi Bumci?, Anna Goussia? Spryridon Voulgaris'

- Department of Neurosurgery, University Hospital of loannina, loannina, Greece
2 Department of Pathology, University Hospital of loannina, loannina, Greece

CORRESPONDENCE

George Alexiou, MD, Department of Neurosurgery, University of loannina, 45500, GREECE, galexiou@uoi.gr, alexiougr@gmail.com

Tel.:+30 6948525134

ABSTRACT

Primary malignant melanoma of the
spine is a rare neoplasm with scarce
data supporting clinical and radiological
diagnosis, treatment, and prognosis. Re-
section is the preferred treatment, while
some investigators recommend postop-
erative chemotherapy, immunotherapy,
and/or radiotherapy. Our goal was to
present an exceptionally unusual exam-
ple of primary malignant melanoma lo-
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MNEPINHWH

To mpwtomnabég kakomBeg peAavwua tTng
OTIOVOUALKNG 0TNANG elval éva eEatpett-
K& omavio vedmhaopa pe Aya dedopéva
SlabéoiLpa avapopLkd e TNV KAWVLKY) KAl
aKTWoAoyLKT SLdyvwon, tn Bepamneia kat
v mpdyvwon. H xetpoupyikn eaipeon
elvat n Bepamela ekAOyNG, EVW OPLOUE-
VOL EPEUVNTEG OUVLOTOUV HETEYXELPN-

TN  XnuewoBepareia, avooobepameia
Kay/n axktwoBolla. Ytoxoc pag nrav va
TIAPOUCLACOUE HLa eEALPETIKA OTtavia
meplmtwon  mpwtonaboug  kakonBoug
HEAQVWMATOG OTNV 00dUikn Holpa tng
OTIOVOUALKTG OTHANG.

AEZEIZ KAEIAIA

YTIOVOUALKY), LEAQVWHA, KEVTPLKO VEUPLKO
oclotnua.

cated in the lumbar spine.

INTRODUCTION

Primary melanoma of the central nervous system (CNS) is
exceedingly rare, accounting for only 1% of all melanomas.
The most frequent locations are the brain, followed by the
cervical, thoracic, and lumbar spine. CNS melanomas have
a better prognosis compared to cutaneous or metastatic
melanomas, but due to the rarity of cases, definitive con-
clusions cannot be drawn. The only treatment available is
surgical removal of the tumor [1-3]. We present herein a
case of a 73-year-old male with primary malignant mela-
noma of the lumbar spine who underwent subtotal surgical
resection.

CASE REPORT

A 73-year-old Caucasian male patient presented to the Neu-
rosurgery Department of the University Hospital of loannina
with progressive loss of motor function in both legs over the
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last 48 hours. This was accompanied by urinary retention
and constipation. On neurological examination, both the left
and right lower limbs had muscle power of 2/5 according to
the Medical Research Council scale. Sensation and deep ten-
don reflexes were normal in both limbs. A lumbosacral MRI
revealed an intradural lesion at the level of the cauda equi-
na, with a vertical diameter of 19mm. Several smaller lesions
with a similar appearance were observed below this lesion. A
brain MRl revealed a lesion in the right cerebellar hemisphere,
with recent hemorrhagic content but no perilesional edema.
The patient was operated and a L2 laminectomy was per-
formed. After opening the dura, we identified a mass and
we noted the dark appearance of nearly all the nerve roots.
Macroscopically and under the microscope, it appeared that
melanotic tissue had infiltrated the cauda equina and ex-
tended to the conus medullaris [Figure 1].

Figure 1. Intraoperative photo revealing
the melanotic tissue.
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After an intraoperative pathology consultation, which con-
firmed a diagnosis of melanocytic tumor, and due to the dif-
fuse infiltration without clear borders, we performed subto-
tal resection of these lesions.

Histopathological examination of tumor fragments on per-
manent tissue sections revealed a cellular neoplasm com-
posed of large epitheliod cells arranged in sheets or fascicles
or loose nests. Tumor cells displayed pleomorphic large nu-
clei, prominent nucleoli and numerous mitotic figures. Vari-
able amounts of black to brown pigment were observed in
the cytoplasm of neoplastic cells as well as in the extracellu-
lar stroma. Areas of coagulative necrosis were also demon-
strated [Figure 2]. By immunohistochemistry, the tumor
cells were strongly positive for melanocytic markers such as
S100, SOX10, Melan A and HMBA45 [Figure 3]. The findings
were consistent with a malignant neoplasm with melano-
cytic differentiation and melanoma was considered as the
most probable scenario in the diagnostic approach.

I
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Figure 2. Histology revealed large epithelioid, ple-
omorphic and pigmented tumor cells arranged in
sheets (Hematoxylin-eosin stain, original magnifi-
cation X 200).

melanocytic differentiation of the tumor cells (Immunohistochemical stains, original

magnification X 100 & X200, respectively).

The patient was examined by dermatologists and ophthal-
mologists, who found no melanotic lesions on the skin or
eyes. According to the Hayward classification, this was a
primary melanoma. The patient remained bedridden, and
his caregivers did not consent to further interventions. He
passed away within two months.

DISCUSSION

Most CNS melanomas are metastatic (approximately
90%), making melanoma the third most common source
of CNS metastasis, following breast and lung cancers [1,4].
Only 1% of all melanomas affect the CNS, and primary spi-
nal cord melanomas are even rarer. This explains why cases
such as this one are infrequently reported. MRI is the diag-
nostic tool of choice for spinal cord tumors. The differential
diagnosis includes ependymoma, astrocytoma, melanocy-
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toma, and melanotic schwannoma [5]. The vast majority
of CNS melanomas result from metastasis, and primary
spinal cord melanoma is an extremely rare condition, with
fewer than 70 cases reported in the literature. Primary
melanomas of the spinal column are more commonly locat-
ed in the cervical and thoracic regions [6].

Whenever possible, complete surgical excision should be
performed. In cases where only a biopsy can be obtained,
the absence of clear borders indicates a more diffuse and
infiltrative lesion, as observed in MRI findings. Radiological
features can vary due to the paramagnetic susceptibility
effect of melanin and intratumoral hemorrhage, making
pathological examination essential for diagnosis. In most
cases, radiotherapy and chemotherapy are recommended,
but the prognosis is poor due to the high rate of dissemina-
tion by the time of diagnosis [7].
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