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Instruction To Authors

HELLENIC NEUROSURGERY

Hellenic Neurosurgery is the official journal
of the Hellenic Neurosurgical Society. It is
published with a frequency of 3 issues per
year (every 4 months). Itis a peer-reviewed,
open-access, which doesn't charge
publication fees. The field of interests are
clinical and experimental neurosurgery,
evolution and history of neurosurgery, and
translational research in neurosciences.
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
quality and novelty of the manuscript.
Submitted manuscripts should conform to
the Uniform Requirements for Manuscripts
Submitted to Biomedical Journals,
prepared by the International Committee
of Medical Journal Editors (ICMJE).
Papers are accepted for evaluation on the
understanding that they are original and
are not under concurrent consideration by
another journal.

HOW TO SUBMIT

Manuscripts should be submitted by e-mail
to the following address: hnss@otenet.
gr, hnss1966@gmail.com Questions about
submission should be sent to the Editorial
Office to the same e-mail address.

ARTICLE TYPES
This Journal publishes several different
article types.

ORIGINAL ARTICLES

Full-length manuscripts on the scope and
purpose of the journal will be considered
for publication. As a rule, papers should
be divided into sections (Introduction,
Materials and Methods, Results,
Discussion, Conclusion, References), and
should not exceed 3.500 words (excluding
abstract and keywords, figures, tables,
captions and references) with maximum
number of 50 references and no more
than 8 authors. Original articles can have
a maximum of 8 figures or tables.

CASE REPORTS

To be considered for publication, case
reports should present rare and unusual
cases of interest. Case reports should be
divided into sections (Introduction, Case
Report, Discussion, References) and should
notexceed 1.500 words (excluding abstract
and keywords, figures, tables, captions
and references). An unstructured abstract
not exceeding 150 words must be included.
Case reports can have a maximum of 4
figures or tables. Case reports should not
have more than 15 references and no more
than 4 authors.

Review Articles (including
reviews and meta-analyses)

systematic

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

Letters to the Editor may be comments
from readers related to articles published
in the journal over the last 6 months
or other topics of interest including
unpublished original research. The letter
should be no longer than 500 words
(excluding keywords, figures, tables,
captions and references) with no more
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
should have an unstructured abstract
and should be maximum 150 words as
previously described. For Letters to the
Editor no abstract is needed.

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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ABBREVIATIONS
Abbreviations should be defined in full
when first mention and used thereafter.

REFERENCES

References should be listed in the reference
list in order they appear in the text. Within
text they should appear in in square
brackets, i.e., [1,2], [1,2, 4-8] or [1-3]. List
all the authors of the reference. The titles
of journals, textbooks, or book chapters
should be abbreviated according to the
style used in Index Medicus. The journal
permits accepted but not yet published
articles to be included in the references list
as "(in press)".

EXAMPLES OF REFERENCE STYLE:

JOURNAL

Liu W, Ni M, Jia W, Wan W, Tang J.
Evidence-based medicine in neurosurgery:
an academic publication view. Neurosurg
Rev. 2018; 41: 55-65.

BOOK

Author 1; Author 2. Book Title or Title of the
chapter and book title, 3rd ed.; Publisher:
Publisher Location, Country, Year; pp.
154-196.

INTERNET SOURCE

Reference should be provided in full,
including both the title of the site and the
URL, and the date the site was accessed

FIGURES

Figures should be of high quality (1200
dpi for line art, 600 dpi for grayscale and
300 dpi for color) and submitted as TIFF or
JPEG files. Please ensure that each figure
has a caption.

TABLES

Tables should be submitted as editable
text (preferable Word) and not as images.
Tables should be placed on a separate
page(s) at the end of the text after the
reference list. Number tables consecutively
in accordance with their appearance in the
text

VIDEOS

Videos should be of high quality, no more
than 10 minutes and less than 1GB.
Accepted video file types is mp4.

PUBLICATION CHARGES
There are no publication charges.

ETHICS IN PUBLISHING

STUDIES IN HUMANS

Manuscripts submitted for publication
must contain a statement that all human
and studies have been approved by the
relevant ethics committee/Institutional
Review Board, and were therefore carried
out in accordance with The Code of
Ethics of the World Medical Association
(Declaration of Helsinki). The approval
reference number should be included.

A statement mentioning that the
experimental protocol was approved by
the Institutional Review Board, and that
all subjects gave informed consent should
be provided. If case Institutional Review
Board approval or patient consent were
not obtained, authors must offer an
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STUDIES IN ANIMALS

Manuscripts  that  report  animal
experiments must include a statement
stating that the study was approved by
the Institutional Review Board and that
the animal care fulfilled the Guide for
the Care and Use of Laboratory Animals
(Institute of Laboratory Animal Resources,
Commission on Life Sciences, National
Research Council (Washington: National
Academy Press, 1996).

PATIENT CONSENT
No identifiable  protected health
information of any person may be

included in any manuscript submitted
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contain identifiable individual patient
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name or other personal details are
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PLAGIARISM

Plagiarism is scientific misconduct and will
be addressed as such. The journal may use
plagiarism detection software to screen
the submissions. If plagiarism is identified,
the Committee on Publication Ethics
(COPE) guidelines on plagiarism will be
followed. In case of extensive plagiarism,
appropriate actions will be taken by the
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We are delighted to present
the first issue of the Hellenic
Neurosurgery, the official
journal of the Hellenic
Neurosurgical Society. The
journal restarts after a long
pause. The main goal is

to index the journal to the
main international scientific
databases and to achieve

a worldwide recognition.
The journal will be initially
published every 4 months
and is peer-reviewed,
open-access, without any
publication fees. However,
this may subject to change
depending on the flow of
the submissions. The official
language of the journal is
English. The current issue
includes 4 original articles and
2 case reports. The original
articles focus on spine and
neuro-oncology and the case
reports on neurosurgery-
related infections and neuro-
oncology. All from Greek
institutions.
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Besides Greek neurosurgeons,
we also encourage
neurosurgeons from around
the globe to submit their
research. We also invite
colleagues working on
related fields to consider
Hellenic Neurosurgery for
the publication of their

work. Finally, we would

like to express our sincere
gratitude to our contributors,
the executive board of the
Hellenic Neurosurgical Society
and the editorial board of
the journal for their support
and we hope that the rebirth
of Hellenic Neurosurgery

will move forward to

steady growth to become

a high quality journal. This
contribution of all is crucial
for the success of the journal.
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ABSTRACT

Objective: Retrospective analysis of a
clinical series of patients that underwent
surgical removal of orbital tumors.

Material and Methods: In this article, we
present a clinical case series consisting of
30 patients which underwent surgical re-
moval of orbital tumors between 2010 -
2021 in the Neurosurgical Department of
"Evangelismos" Hospital.

Results: Preoperative symptoms were ex-
ophthalmos in 17 patients, diplopia in 8, vi-
sual acuity decline in 6, eyelid edema 1, eye
pain in 2 patients. Surgical approach to
the lesion was supraorbital in 17 patients,
lateral orbitotomy in 12 patients and eye
exenteration in 1. Twelve patients were
male (40%) and eighteen (60%) female
and average age was 46,9 years old. His-
tological diagnosis was made in 97 % of
the specimens (29/30) and these lesions
were meningiomas 26% (8/30), inflam-
matory 10% (3/30), cavernous hemangi-
omas 13,3% (4/30), neurofibroma 6,67%
(2/30), schwannoma 3,3% (1/30), muco-
cele 6,67% (2/30), solitary fibrous tumor
20% (6/30), melanoma 3,3% (1/30), ad-
enocarcinoma 3,3% (1/30), Histiocytosis

Langerhans 3,3% 1/30, non-diagnostic
3,3% (1/30). Postoperative complications
occurred in 6 patients (20%), and the
most common was transient diplopia.

Conclusion: Surgical excision of orbital
tumors could achieve local tumor control
with reasonable complication rate and no
morbidity.

MNEPINAHWH

Ewoaywyn: Ou 6ykoL Tou KdyXou aToV ev)-
ALko TIANBUGUS UTTOPOUV VA KATNYOPLOTIOL-
NnBouv pe Baon tn B£om KaL Tov LoTOAOYLKO
TUTo. AuTEC oL BAAReG Umopet va eival elte
KahonBeLq eite kakonBetc. To onpayywdeg
atpayyelwpa elvat o Lo ouyvog kaiondng
OYKOG TwV evnALKwY. H xeLpoupyLkn adat-
peon elvat n Bepamela TPWING EKAOYNG
OTLC TIEPLOCOTEPEC ATIO AUTEG TLG BAGPeC.
YAwo kat MéBoSog: e autod to dpbpo,
Tapouotaloupe avadpoplka pa oelpd
KAWLKWY  TIEPLOTATLKWY — ATIOTEAOUMEVN
ard 30 acBeveic Tou umoBANBNKav ot
XELPOUPYLKT) adpaipeon Oykwv Tou opOaA-
HLKOU KOyxou HeTafU twv etwv 2010 -
2021 otn NeupoxetpoupyLkr] KAwikn tou
Nocokopetou «EuayyeAlopodcy.

AmnoteAéopata: NpoeyyelpnTtikd ta ou-

pmtwpata frav eEodBaipog o 17 aoBe-
velg, Sumhwrtia oe 8, pelwon TNng OTTkng
ofutntag oe 6, oldnua BAedpapou oe 1,
opBaAuLkd dAyog oe 2 acbeveic. H xei-
POUPYLKN) TIpooeyyLom NG PAAGPNg nrav
UTIEPKOYXLA ooteotopia oe 17 aoBevelg,
n TAGyLla koyxotoun oe 12 acBevelq kal
N opBaAukr) ekevtépwon oe 1. Awdeka
(40%) aoBeveig ritav avdpeg kat 18 (60%)
YUVOLKEG e péom nAkia ta 46, 9 étn. H
LOTOAOYLKY| SLdyvwon éywve oto 97% Twv
Selypatwy (29/30) kaw autol oL GykoL tav
unvyywpata oto 26% (8/30), dAeypo-
vibSoug attwoloyiag kata 10% (3/30),
onpayywdn atpayyewwpata oto 13,3%
(4/30), veupotvipata oto 6,67% (2/30),
oBavvwua oto 3,3% (1/30), BAevvoknAn
6,67% (2/30), povripng wmdng 6ykoc 20%
(6/30), pehavwpa 3,3% (1/30), adevo-
kapkivwpa 3,3% (1/30), otlokuttapwon
Langerhans 3,3% (1/30), un Stayvwotikn
Blowia oto 3,3% (1/30). Emumhokéc mpo-
ékugav oe 6 aoBevelg (20%) kaL n TLO
OUXVT) HETEYXELPMTLKN ETILTIAOKY) YjTavV M
TapodLkr| Sumhwriia.

Yupmepdopata: H YeLpoupylkY) €KTOWUY
OYKWV ToU 0PBAAULKOU KOYXOU ETILTUYXA-
VEL EAEYXO TNG VOOOU, HE HLKPO TI00OCTO
ETIUTAOKWV KAl Xwplg voonpotnta.

INTRODUCTION

Orbital tumors in the adult population are categorized
based on location and histologic type. These lesions may
be either benign or malignant. According to Wu et al [1]
64% are benign and 46% are malignant. Cavernous mal-

formations are the most common benign adult orbital tu-
mors. Surgical removal is the first line treatment in most
of these lesions. Endoscopic transnasal, transorbital or
transmaxillary approaches are emerging minimal invasive
techniques [1,14] as opposed to open lateral or supraorbital
orbitotomies. Spheno-orbital meningiomas are a separate
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entity that is challenging for the Neurosurgeon and require
a combination of craniotomy and orbitotomy for surgical
excision. [2-6]

PURPOSE

The aim of this study is a retrospective analysis of a clinical
series of patient that underwent surgical removal of orbital
tumors in the Tst Neurosurgical Department of Evangelis-
mos Hospital and review of relevant literature.

MATERIALS AND METHODS

Retrospective collection of clinical data has been approved
from the Head of the 1st Neurosurgical Department of
Evangelismos Hospital. Between the years 2010-2021 a to-
tal of 30 patient harboring space occupying lesions of the
orbit were operated in the 1st Neurosurgical Department

of Evangelismos Hospital. Demographic and clinical data
are presented in Table 1. All patients have been operated
in Evangelismos Hospital by the leading author. Surgical
excision of the tumor was the first line of treatment. In all
tumors, microsurgical techniques had been used and sur-
gical videos were recorded for further analysis and review
purposes.

There were at least one follow up imaging study available
before discharging the patient from the hospital to eval-
uate postoperative result. All the patients included in the
study had a regular follow up at the outpatient Neurosurgi-
cal clinic of the Evangelismos Hospital.

The scientific council of Evangelismos Hospital has ap-
proved the publication of the study.

SURGICAL

AGE SEX CLINICALSYMPTOMS PATHOLOGY APPROACH RESULTS  COMPLICATIONS  FOLLOWUP
1] 6 | M | Exophthalmos 1G4 FIBROINFLAMMATORY LESION SUPRAORBITAL E%\SﬁON DIPLOPIA NO RECURRENCE
2| 62 | M | Exophthalmos Diplopia CAVERNOUS HEMANGIOMA SUPRAORBITAL E%‘SLION NO RECURRENCE
Left Eye Visual Acuity decline LATERAL TOTAL
3030 | F g0 e idome NECROTIC GRANULOMA CRBTOTOMY EUSoN NO RECURRENCE
4| 3 | F |Diplopia NEUROFIBROMA GRADE | SUPRAORBITAL E(;(T:/I-\;_ION NO RECURRENCE
(L)/??IBETRSTLOMY TOTAL EYELID OEDEMA,
5| 4 | M |Exophthalmos SOLITARY FIBROUS TUMOR GRADE Il CBTEMPOmL SN \T/IFS/-}(I\)l;IENTBLURRY NO RECURRENCE
CRANIOTOMY
RIGHT TEMPORAL
o MENINGIOMA MIDDLE CRANIALFOSSA | CRANIOTOMY TOTAL
6] 70 | M| Exophthalmos, diplopia WITH EXTENSION TO THE ORBIT AND LATERAL EXCISION NO RECLIRRENCE
ORBITOTOMY
Anterior Cranial fossa PTERIONAL
abscess complicated left eye CRANIOTOMY PLUS | SUBTOTAL
7169 | M| enteration for lacrimal gland | ABSCESS SUPRAORBITAL EXCISION CURED
tumor OSTEQTOMY
MENINGIOMA MENINGOTHELIAL PTERIONALPLUS | 17,/
8 | 70 | F |Exophthalmos Temporallump | TYPE GRADE |, MIDDLE FOSSA WITH SUPRAORBITAL SN NO RECURRENCE
SUPRAORBITAL EXTENSION ORBITOTOMY
9| 51| F |Exophthalmos, eye pain SOLITARY FIBROUS TUMOR GRADE Il SUPRAORBITAL E%%ON NO RECURRENCE
Progression of known tumor LATERAL TOTAL
0] & F during observation period SOLITARY FIBROUS TUMOR ORBITOTOMY EXCISION NO RECURRENCE
1| 29 | F | Lossofvision, exophthalmos | MENINGIOMA MENINGOTHELIAL GRADE| | SUPRAORBITAL E%\SLION NO RECURRENCE
Recurrence of previously excised | MENINGIOMA MENINGOTHELIAL TYPE TOTAL
1| 55 | B | R e SUPRAORBITAL SN NO RECURRENCE
: ORBITAL EXTENSION OF ADENOCARCINOMA PARTIAL
13| 48 M | Eye pain, exophthalmos OF THE MAXILLARY SINUS SUPRAORBITAL EXCISION ABSCESS
% | 4 | f | Headache thirdnerve palsyloss | o\ poneis HEMANGIOMA SUPRAORBITAL TOTAL NO RECURRENCE
of vision on the right eye EXCISION
5] 17 | M |Eyelidedema HISTIOCYTOSIS LANGERHANS SUPRAORBITAL E%%ON NO RECURRENCE
PTERIONAL
3 CRANIOTOMY PLUS
| 43| F Ei’“’lzhit:"'m"s'b'””y"'s'°”' MELANOMA LATERAL AND DUSoN | pArcRALRECTUS NO RECURRENCE
piop SUPRAORBOTAL
ORBITOTOMY
FRONTAL
o CRANIOTOMY TOTAL
17 | 55 F | Exophthalmos, diplopia MENINGIOMA GRADE Il LATERAL EXCISION NO RECURRENCE
ORBITOTOMY
: - LATERAL SUBTOTAL
18| 34 F | Right eye vision decline NON-DIAGNOSTIC BIOPSY ORBITOTOMY EXCISION
SUPRAORBITAL TOTAL
9| 4 | F |Exophthalmos SCHWANOMMA GRADE | Fesiiaciicds SN NO RECURRENCE
LATERAL TOTAL SUPERIORRECTUS
20| 49 | M | Exophthalmos CAVERNOUS HEMANGIOMA CRBITOTOMY EUSON | PARESES NO RECURRENCE
21| 45 | M | Eye pain, diplopia SOLITARY FIBROUS TUMOR GRADE | SUPRAORBITAL E%IASLION NO RECURRENCE
2| B | F |Eyeldptosis, loss of vision CAVERNOUS HEMANGIOMA SUPRAORBITAL E%’I*SL'ON NO RECURRENCE
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AGE SEX

CLINICAL SYMPTOMS PATHOLOGY

SURGICAL

APPROACH RESULTS

COMPLICATIONS FOLLOW UP

23| 38 | F | Headache, Visual Acuity decline | MENINGIOMA MENINGOTHELIALTYPEI | SUPRAORBITAL E%‘SL'ON OPTHALMOPLEGIA | NO RECURRENCE
2% | 56 | F | Exophthalmos MUCOCELE SUPRAORBITAL g()gIASLION NO RECURRENCE
25| 40 | F | Visual acuity declne, SOLITARY FIBROUS TUMOR GRADE I SUPRAORBITAL | 1OTAL NO RECURRENCE
exophthalmos EXCISION
2| 21 | M | Tumorrecurrence NEURINOMA EXENTERATION E%IASLION NO RECURRENCE
LATERAL TOTAL
27| 58 | M | Exophthalmos SOLITARY FIBROUS TUMOR STAGE | . o NO RECURRENCE
) LATERAL TOTAL
28|50 | F |Eepan MUCOCELE oY o NO RECURRENCE
LATERAL SUBTOTAL
29| 4 | F | Exophthalmos MENINGIOMA GRADE | oy Ry NO RECURRENCE
30| 50 | M | Exophthalmos MENINGIOMA GRADE | LATEAL ORBITOTOMY E%?SHON NO RECURRENCE
Table 1. Demographic and surgical data of the patients that were included in the retrospective study.
RESULTS Figure 2.

Between 2001-2021 a total of 30 patients harboring space
occupying lesions of the orbit were operated in the Neu-
rosurgical Department of Evanggelismos hospital. Eleven
(40%) patients were male and 16 (60%) female, mean
age was 46,7 years. Preoperative symptoms were exoph-
thalmos in 17 patients, diplopia in 8, visual acuity decline in
6, eyelid edema 1, eye pain in 1 patient. Surgical approach
to the lesion was supraorbital in 17 patients, lateral orbi-
totomy in 12 patients and eye exenteration in 1. Subtotal
excision occurred in three cases. Histological diagnosis was
made in 96% of the specimens (29/30) and these lesions
were meningiomas 22% (8/30), inflammatory 11% (3/30),
cavernous angiomas 15%(4/30), neurofibroma 7% (2/30),
schwanomma 3% (1/30), mucocele 4% (1/30), solitary
fibrous tumor 7% (6/30), melanoma 4% (1/30), adeno-
carcinoma 4% (1/30), Histiocytosis Langerhans 4% 1/30,
non-diagnostic 4% (1/30). The most common postoper-
ative complication was transient diplopia in 6 cases. One
patient with melanoma received postoperative adjuvant
chemotherapy.

CASE PRESENTATION
Case 1

A 47-year-old female patient presented with exophthalmos
and eyelid oedema. A well-defined tumor was removed
through a supraorbital craniotomy and histology diag-
nosed Schwanomma grade I. Postoperative MRI showed
gross [Figure 1-4] total resection and the aesthetic result
was also excellent.

Figure 1. Preoperative MRI T1sequence with contrast depicting a right
orbital tumor that causes down-migration of the eye (blue arrows).

10

Postoperative Coronal
section of the brain MR/
in T1sequencing with
contrast depicting gross
total removal of the
tumor (yellow arrow).

Figure 3. Intraoperative photo during the last step of coagulation and
excision of the schwanomma.

Figure 4. Postoperative cosmetic result of the right supraorbital skin incision.
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DISCUSSION

In our study we utilized the lateral and supraorbital ap-
proaches to assess orbital pathology. Tumors located in the
inferomedial quadrant of the orbit demanded extended
approaches and presented difficulties in tumor removal.
Wu et al [1] suggested navigational trans maxillary endo-
scopic approach for inferomedial tumors of the orbit. The
maxillary sinus was applied as a surgical corridor to assess
the orbital floor and navigation was used to increase ac-
curacy while repairing the orbital floor with biomembrane
and titanium mesh reinforcement if it was unnecessary [1].
Yao et all present a review of endoscopically treated orbital
tumors. In this review authors suggest that orbital tumors
are suitable for endoscopic removal through the ethmoid,
maxillary, or sphenoid sinus if they were in the inferior me-
dial quadrant of the orbit and that optic nerve is an an-
atomic landmark that prevents the lateral extension of
these approaches [14].

Sphenorbital meningiomas (SOM) are challenging tumors
and they usually require combined cranial and orbital ap-
proaches. Agi et al [3] reported 20 patients with SOM me-
ningiomas. Subtotal resection was reported in nine out of
20 patients and complications such as postoperative dip-
lopia 50% and surgical infection 5% were also reported.
These results are comparable with the results in our study.
Furthermore, they described the Alberta standardized or-
bital technique which consists of a combined cranial and
orbital extension. Before craniotomy they inserted two bri-
dle sutures to the superior rectus and lateral rectus muscles
which are used later during the surgery to pull and identify
the muscle in respect to the meningioma. In addition to that
they used frozen section confirmation to define the borders
of meningioma and periorbita, meningioma and muscle in-
terface and meningioma and lacrimal gland [3]. Young et
al4 reported a series of 24 patients with SOM. They also
noted hyperostosis in one patient as we did observe in our
series, and they used fronto-temporal and lateral orbitot-
omy for surgical excision. They also used extradural clinoid-
ectomy to decompress the optic nerve laterally. Terrier et
al [5] reported 130 patients with SOM. Simpson grade | or
[l achieved in 74.6% of the patients. They suggested that
SOM require a long term follow up because of a delayed
high rate of recurrence. Hyperostosis is a common feature
of SOM according to their findings. Avila et al [2] also re-
ported orbital osteomas related to Gardner's syndrome
without meningioma. It is also noteworthy that they ob-
served in six patients (4.6%) that transient hyperpathia of
trigeminal nerve postoperatively mostly in V1 and V2 divi-
sion. Patient treated with carbamazepine and observed for
6 to 9 months. Kong et alé reported results of endoscopic
transorbital superior eyelid surgery for SOM. Although the
overall gross total resection rate of these tumors where
around 51.2% they suggested that this technique is useful
especially if it is combined with lateral orbitotomy. Limiting
factors affecting gross total resection were temporal and
sub temporal fossa involvement and glomus type of tumor
as opposed to the more favorable en plague SOM. Ore CLD
et al [7] defined safe and dangerous zones for bony resec-
tion of hyperostosis that is usually related to SOM [7,8].

Safe zones were regarded superior and lateral orbital walls,
pterion, zygoma and lateral middle fossa. Dangerous zones
that limit resection included orbital rim, medial and inferior
orbital walls, sphenoid, and ethmoid sinus walls, intraconal
orbit, petrous and sphenoid bones medial to the foramen
rotundum, ovale and spinosum and posterior petrous bone
around the temporomandibular joint.

Brum et al [9] reported eight cases of solitary fibrous tumor
of the orbit and the CNS. They suggested that these are
neuropathologically diverse tumors and longer follow up
periods are needed to understand their biological behavior.

Calandriello et al [10] in their review of cavernous venous
malformation of the orbit, previously called cavernous
hemangioma suggested that this is the most common pri-
mary orbital lesion of adults. In our study hemangiomas
where not the most common tumors and this fact could be
explained by a referral bias, because our center is a tertiary
Neurosurgical Department, and a variety of more complex
tumors are being referred [10].

In our study, we used various methods of reconstructing
the cranium and orbit walls. We used titanium plates and
titanium mesh combined with a biomaterial to cover any
dura or periorbita defect. Weizman et al [11] in their review
proposed an algorithm regarding orbital reconstruction
after orbital tumor removal. The main points were that
exenteration required various flaps to cover the orbit. Fur-
thermore, removal of orbital walls or skull base required
reconstruction using titanium mesh and biomaterial. Small
defects were treated without reconstruction.

Chen et al [12] in their review of 1G-4 related disease de-
scribes the lacrimal gland as the most common site of in-
volvement. According to Devron et al [13], orbital inflam-
matory and lymphoid lesions account for 20% of orbital
biopsies.

Orbital schwannoma is a rare tumor which depicts slow
growth pattern and complete surgical resection leads to
very rare recurrence [15]. The most frequent approaches
for these tumors are lateral or superior orbitotomies. Clini-
cal presentation is usually painless non pulsatile ocular pro-
ptosis. MRl is the imaging modality of choice to distinguish
from cavernous angiomas and meningiomas.

CONCLUSIONS

Orbital tumors are usually benign lesions and surgical treat-
ment is the first line treatment of choice in most cases. In
our series depicted results of orbital tumor removal cases
using the supraorbital, the lateral orbitotomy approaches
combined with pterional approach in some cases of intra-
cranial extension of the tumor. Gross total tumor removal
achieved in most cases. We concluded that surgical excision
of orbital tumors could achieve local tumor control with
reasonable complication rate and no morbidity.
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ABSTRACT

Objective: Natural killer (NK) cells activi-
ty has been examined in several types of
cancer and their low activities have been
associated with increased risk of can-
cer. In the present study, we set out to
quantify NK cells and other immune cells
in peripheral blood of patients with the
diagnosis of intracranial tumor and cor-
relate it with tumor type, Ki-67 index and
patients’ outcome.

Material and Methods: The immune cells
were retrospectively quantified in pe-
ripheral blood by flow cytometry in 75
patients suspicious for an intracranial tu-
mor that were treated surgically during a
three-year period.

Results: Glioma patients had higher per-
centage of NK cells compared to all other
type of brain tumors, however no signif-
icant correlation was found. The ratio of
CD4/CDS8 cells was significant higher in
high-grade tumors with higher expression
of Ki-67 (p=0.048). A statistical trend
(p=0.06) between Ki-67 expression and
the ratio of CD3/CD4 was also observed.

No significant correlation between NK cell
fraction and overall survival in glioblasto-
ma patients was found.

Conclusions: NK cells were found increased
in lower-grade malignancies in comparison
with high-grade malignancies, indicating a
stronger antitumor response.

MEPINAHWH

Ewaywyn: H Spactnplotnta twv NK
KUTTApWV €xeL HeAeTnBel oe Stapopoug
TUTIOUG KAPKLVOU KAL T TIEPLOPLOMEVT)
SpaoTNPELOTNTA TOUG €XEL CUOXETLOTEL JE
auEnuévo kivéuvo kapkivou.

YAwk6 kat MéBodog: Me tnv mapouoa
HEAETN €yve avadpopkd oe pa eplodo
3 etwv oootikotoinon twv NK 6co kat
AMwv avoookuttdpwy (Tregs) pe KuT-
TapopeTpla pong oto TEPLPePLKO atpa
75 aoBevwv pe evbokpaviakd Oyko Tou
utteBATIONoav akoAoUBwg oe XELPOUPYLKN
e€alpeon kal akoAouBnoe avaiuon tng
OUOXETLONG QUTWV TWV CUYKEVTIPWOEWV
HE TOV LOTOAOYLKO TUTIO TOu OyKOu, ToV
Seiktn Ki-67 kat tnv €kBaon twv acBe-
VWV.
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ArnoteAéopata: O acbevelg pe yholwpa
elxav uPnAdtepo mocooto NK kuttdpwy
oe oUYKpLOM He OAoug Toug AAAoug TU-
Toug OyKwv eykeddlou, wotdoo Sev Bpe-
Onke onuavTiky cuoxetion. H avaloyla
Twv kuttdpwv CD4/CD8 Atav onuavti-
K& ugmAdtepn oe Oykoug uymAou Bab-
poU pe ulnAotepn ékdppaon tou Ki-67
(p=0,048). Mapatnenbnke emiong ula
otatlotikn tdon (p=0,06) petakl ng
ékdpaonc Ki-67 kat tng avaroyiag CD3/
CD4. Aev Bp€BnKe oNUAVTLKY CUOKETLON
peTafl tou kKAaopatog twv NK kuttdpwv
KAL TNG OUVOALKNG emPBlwong os aoBe-
velg pe yAoloBAdotwpa.

Tupmnepaopata: Ta GpUOLKA KUTTAPOKTO-
va Kuttapa Ppédnkav auknuéva os Kako-
110eLeg xapnAoTtepou Babuou o cUykpLon
pe kakonBeleg uPmAol Babuou, umodel-
KvUOVTAG LOXUPOTEPT) AVTILVEOTIAACHATL-
K1 amokpLom.
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INTRODUCTION

The central nervous system (CNS) has long been considered
an immune-privileged site, since intracerebral injection of
an antigen failed to generate a classical immune response
[1]. The brain parenchyma, the interstitial fluid and the ce-
rebrospinal fluid (CSF) are isolated from the blood by two
barriers: the blood-brain barrier (BBB) and the blood-CSF
barrier [2,3]. Despite these barriers, immune cells are de-
tected in the brain parenchyma as well as in the CSF, where
memory CD4+ T-cells are predominant, supporting the hy-
pothesis of immune surveillance of the CNS [2,3].

In pathological conditions, the integrity of these barriers
can be disturbed, becoming permissive for the entry of
inflammatory cells. Among them, NK cells were shown to
be recruited to the CNS as a result of several pathologi-
cal conditions [4-7]. Natural killer (NK) cells are large gran-
ular lymphocytes endowed with the inherent capacities
to recognize and kill foreign, infected, and malignant cells
and to modulate several other aspects of the immune sys-
tem through rapid production of numerous cytokines and
chemokines. NK cells play a critical role in cancer surveil-
lance, and their cytotoxic functions are regulated by a bal-
ance between the expression of activating and inhibitory
receptors [7,8].

NK cells activity has been examined in several types of
cancer and has been found that inhibition of this activity
is associated with increased risk of cancer [9-14]. Given the
critical role in anticancer immune responses, in the present
study, we set out to quantify NK cells and other popula-
tions of immune cells in peripheral blood of patients with
intracranial tumor diagnosis aiming to find intercorrela-
tions between immune cells populations, to correlate these
populations with tumor type, Ki-67 index and patients' clin-
ical outcome and to study the utility of these preoperative
assays to count biomarkers.

MATERIALS AND METHODS

NK cells (CD16+CD56+), T cells (CD3+), B cells (CD19+),
CD4/CDS8 ratio and Tregs (CD4+CD25+Foxp3+) were ret-
rospectively quantified in peripheral blood by flow cytome-
try in 75 patients suspicious for an intracranial tumor that
were treated surgically during a three-year period. The
absence of a control group to compare explained from the
fact that there is a global standard of the expected nor-
mal percentages of subpopulations of lymphocytes that
has been determined following the analysis of millions of
normal samples. Based on this standard, a control group
would be detrimental. In all patients a blood sample was
collected prior receiving any treatment. All patients were
operated on within a week. The definitive diagnosis was
based on pathology evaluation [WHO classification 2016].
The study was approved by the institutional review board
(Ethical approval number: 157/26-03-2019).
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FLOW CYTOMETRY ANALYSIS

Peripheral blood cells were incubated with monoclonal an-
tibodies that were conjugated to fluorescent dyes. Leuko-
cytes were analysed, (atleast 10.000 cells) in a flow cytom-
eter [FACSCalibur (Becton-Dickinson)] using the CellQuest
software (Becton-Dickinson). [15,16]. In detail, a combina-
tion of fluorescent monoclonal antibodies were introduced
into test tubes [mouse anti-HumanCD45 PerCP clone 2D1
(BD Biosciences), mouseanti-Human CD3 PE, clone SK7,
(BD Biosciences), anti-Human CD4 FITC /PE clone SK3,(BD
Biosciences), anti-Human CD8 PE clone SK1, (BD Biosci-
ences), mouse anti-Human,CD19 FITC clone 4G7, (BD Bio-
sciences), mouse anti-Human CD16 FITC clone 3G8,(BD
Biosciences), mouse anti-Human, CD56 PE-CF594, clone
B159, (BD Biosciences),mouse, anti-Human,CD25 FITC,
clone 2A3, (BD Biosciences)]. All antibodies used have
been approved for in vitro diagnostic use (IVD), based on
the characterization of binding to a specific epitope.The
volumes usedare those recommended by the monoclonal
antibody manufacturer (usually 10 or 20 yL). A 100 pL of
peripheral blood sample to which anticoagulant (EDTA)
has been added to each tube. The mixture was then stirred.
Cells were then incubated with themonoclonal antibodies
at room temperature for 10 minutes, an incubation time
sufficient for efficient binding of the antibodies, as has pre-
viously described. Finally, red bloodcells were lysed with an
appropriate commercial solution (Versalyse, 500ul, 10 min
RT) and analyzed on a flow cytometer. The sample following
erythrocyte lysis contains all leukocyte populations, possi-
bly some erythrocytes, platelets, dead cells and debris. The
heterogeneity of the sample requires careful distinction of
the gating population of leukocytes so that the results of
the analysis can accurately determine the immunopheno-
type of each leukocyte population (See Figure 1 for details).
Peripheral blood from healthy individuals has been routinely
used as control to evaluate flow cytometry analysis strate-
gy and instrument performance. Briefly, routine instrument
performance control is done before each analysis of sam-
ples from patients, by using peripheral blood from healthy
individuals. Gating of individual cell population as described
in Figure 1is performed to standardize a template, which is
then used to quantify cell populations of samples.
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Figure 1. Gating strategy for lymphocyte subpoulations. Lymphocytes were gated using SSC and CD45 expression. On the lymphocyte gate, the different
subpopulations were quantified using the specific markers for T Cells (CD3+), cytotoxic T cells (CD3+CD8+), helper T cells (CD3+CD4+) and Regulatory T
(Tregs) cells (CD3+CD4+CD25+), as well as Natural Killer (NK) cells (CD3+CD16+CD56+).

STATISTICAL ANALYSIS

Continuous data were expressed as mean + standard devi-
ation. The correlation between the expression of each anti-
body and tumor grade were compared using the two-sided,
non-parametric Mann-Whitney U test. Correlation between
Ki-67 and antibody expression was analyzed using Spear-
man rho test. A two-sided p-value <0.05 was considered
statistically significant.

RESULTS

Our analyzed population included 35 males and 40 females
with a mean age 54 + 24,17 years (range: 21-79 years). Of
those, 36 patients suffered from glioblastoma, 6 from re-
current glioblastoma, 7 from solitary metastasis, 20 from
meningioma Grade |, 3 from meningioma Grade I, lll, and 3
from low-grade glioma (Table 1). The flow cytometry results
are also summarized in Table 1. Cell populations were quan-
tified by flow cytometry, using a CD45+ gate as described in
Figure 1.

The mean percentage of NK cells was 13.2% (range: 2-57%).
The correlation between NK cells and tumor type and NK
cells in glioblastoma compared with other tumor types was
not significant (p=0.18, p=0.24 respectively). No significant
correlation has been detected between NK cells and the
grade of glioma malignancy (p=0.22). Glioma (low grade,
glioblastoma) patients had higher percentage of NK cells
compared to all other type of brain tumors, however the in-
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crease was not statistically significant.

The total amount of T-cells (CD3+) in peripheral blood was
not correlated between glioblastoma patients and patients
with other tumor types (p=0,32), a fact that was also veri-
fied for the ratio between CD3+/CD4+ cells, B-cells (CD19+)
and the ratio CD3+/CD8+(with p=0.26, p=0.76, p=0.93 re-
spectively).

The CD8+ population included mainly T-cytotoxic cells and
secondary NK and dendritic cells. The CD4+ population in-
cluded T-helper cells. The correlation between CD3+, CD19+,
NK cells and Ki-67 was also not statistically significant
(p=0,25, p=0,85 and p=0,18 respectively). No significant cor-
relation was also recorded for the ratios CD3/CD8 and the
presence of CD4+CD25+ cells (p=0,24 and p=0,19 respec-
tively).

An interesting finding was that the ratio of CD4/CD8 was
significant higher in high-grade tumors with higher expres-
sion of Ki-67 (p=0,048) and for the correlation between Ki-
67 and the ratio of CD3/CD4 there was a statistical trend,
near statistical significance cut-off (p=0.06).

During a mean follow-up period of 3 years, 69,2% of glio-
blastoma patients died. One patient harboring a meningi-
oma Grade | died because of post-operative meningitis and
all patients with low grade glioma were alive. No significant
correlation between NK cells levels and overall survival in
glioblastoma patients was found.
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GBM 6419 +935 6332+2,83 12,66 + 2,12 251+212 36,2+ 191 2842+778 184+0,78 116+ 0,67 59,71+ 707
GBMR| 3 3 60,5 +4,09 76 +1697 934+ 919 147+78 39,67+ 495 34,65+8,48 113+ 0,14 08+0, 53,34 +28,29
MT | 4 3 65,28 + 919 53,57+396 16,28 + 1,41 18,85+ 1576 40,71+3,53 2101 167+0,7 164+06 | 4286+2829
MAI| 9 n 51,5+ 14,84 66+78 8+695 20,56 + 2,83 38,34 + 24,04 2794 + 1697 1,57 + 149 113+07 76+ 849
IIIYII'IGE 0 3 62,66+0,7 AVEXY M+635 1734 + 14,85 44,67+ 1131 29 +3,54 1,66 + 1,34 105+ 0,77 16+ 14,14
LGG 2 1 30+6,36 677+219 20,7 + 17,68 1,67 + 4,25 33+1839 34+848 0,67 + 0,14 12+04 28+12,02

Table 1. Percentage of immune effector cells in 75 patients included in the study. Mean value plus range of mean is presented (Mean * Standard Deviation).

Abbreviations: CD: Cluster of Differentiation, F: Female, M: Male, NKC: Natural Killer Cells, GBM: Glioblastoma Multiforme, GBM R: Glioblastoma
Multiforme Recurrence, MA I: Meningioma Grade I, MA Il, lll: Meningioma Grade Il, Ill, LGG: Low Grade Glioma, MT: Metastasis, Tregs: T-regulatory Cells.

DISCUSSION

Central nervous system has long been regarded as a privi-
leged immune region, evidenced by the presence of blood-
brain barrier, lack of lymphatic vessels, and the absence of
cells expressing major histocompatibility antigens (MHCs),
or antigen presenting cells (APCs) [3,11,17].

NK cells constitute the 2.11% of the cells of the immune
system in glioma with the majority being of CD56dimC-
D16+phenotype, which is also found in other neoplasms
[17,18]. NK cells have in the intratumoral environment cyto-
toxic activity; this may constitute a novel therapeutic op-
tion for glioblastoma. Glioma cells carry high levels of MHC
class | molecules and HLA-A,-B,-C antigens that interact
with and inhibit NK cells receptors on their surface[7,17,18].
One of the features of glioblastoma is the accumulation of
CD4+CD25+Foxp3+ (Tregs). In particular, Tregs appear to
be among the major factors contributing to immunother-
apeutic failure, leading to rapid tumor progression [19,20].
Experimentally therefore, Tregs have been detected intra-
venously in the peripheral blood of patients with glioblas-
toma [19-21]. Based on their involvement in other cancers,
Tregs are targeted for a therapeutic approach in order to
prolong survival, especially for aggressive forms such as
glioblastoma [21,22]. In experimental studies with animal
models, targeting of Tregs and limiting their activity led to
enhanced activity of cytotoxic T-lymphocytes and a combi-
nation with vaccines led to improved survival [21,22].

In the present study we found that the ratio of CD4/CD8
was significant higher in high-grade tumors with higher Ki-
67 expression. Ki-67 protein or Ki-67 antigen is an efficient
indicator for cell proliferation. During interphase, Ki-67 an-
tigen can be detected exclusively in the nucleus, whereas in
mitosis most of the protein is transferred to the chromo-
some surface. Ki-67 protein is present in all active phases
of the cell cycle (G1, S, G2 and mitosis) but is absent in the
resting phase (GO). The intracellular content of Ki-67 pro-
tein is significantly increased during cell transition through
the S phase of the cell cycle. The role of Ki-67 as a prognos-
tic marker for gliomas remains unclear. A 2015 meta-analy-
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sis and a 2016 study found that increased expression of Ki-
67 may be a factor for poor prognosis of glioma patients.
A recent study in patients with highly malignant gliomas
found a marginally significant correlation between Ki-67
expression and the location of lesion. Lesions located in the
left frontal lobe had higher Ki-67 expression [23-25].

The invasive nature of glioblastoma requires alternative
clinical markers for defining tumor margins and improv-
ing therapeutic response, so the potential of analyzing a
factor on peripheral blood with the potential to be associ-
ated with the presence of glioma could have a significant
impact on clinical decision-making. Flow cytometry is a key
methodology in the study of peripheral blood cell popula-
tions found in different types of disease such as in cases of
a glioblastoma [15,16].

The biomarkers that have been studied in cases of malig-
nant brain tumor have higher intracellular concentrations,
lower in the extracellular space and even less in peripher-
al blood, due to the aforementioned barriers between the
brain and the circulatory system. In brain tumors, studies
on peripheral bloodmarkers have included circulating tumor
cells, circulating nucleic acids, circulating proteins, hemato-
poietic stem cells, and endothelial cells [27-30]. A study of
peripheral blood circulating immunosuppressive cells in pa-
tients with glioblastoma and other types of tumors by Al-
ban et al concluded that decreased MDSCs and increased
DCs are associated with better prognosis, while NK cells
were increased in lower-grade malignancies in comparison
with high-grade malignancies, indicating a stronger antitu-
mor response [31]. In our study the immunosuppression in
cases of brain tumor was studied based on detection of NK
cells, Tregs and other immune cells of peripheral blood.The
initial results confirm that preoperatively we have a high
suspicion of malignancy using a cost effective method both
for gliomas as well as for meningiomas in combination with
MRI scan findings and clinical signs. The limitation of this
study is the small number of patients and the dispropor-
tion of brain tumor histological types (mainly gliomas and
meningiomas).
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CONCLUSIONS

Several molecules have been identified as candidate bio-
markers for glioblastoma, where the immunosuppression is
a well-known intratumoral condition. Based on this concept
we studied the immunologic profile of peripheral blood in
brain tumor patients who were operated. The suitable ap-
proach for efficacious therapy in case of malignant tumors
should be based on a personalized profile according to tu-
mor (imagine, histology) and peripheral blood (biomarkers,
immune system cells) characteristics. Further studies are
therefore needed in order to verify our preliminary results.
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ABSTRACT

Objective: In this study, we report our clin-
ical experience in intraoperative “open”
epidural application of clonidine in order
to enhance post-operative analgesia.

Material and Methods: We performed a
prospective, randomized, double-blinded
study at the Neurosurgical Department
of the University Hospital of loanning,
Greece. Forty patients (22 female, 18
male, mean age 46.4+14.4 years, range
27 to 78 years) met the inclusion criteria
and were included in the study. Twenty
patients suffered from lumbar disc herni-
ation and twenty suffered from lumbar
stenosis. The intensity of preoperative
and postoperative pain was assessed by
using the Visual Analogue Scale of pain
(VAS) and the Oswestry Low Back Dis-
ability Questionnaire.

Results: There was no statistically signif-
icant difference as far as the post-oper-
ative pain was concerned between the
patients which received the epidural infu-
sion of clonidine and the ones who didn't.

Conclusions: The use of epidural clonidine
infusion as an adjuvant to post-operative
analgesia in lumbar spine surgeries can-
not be considered as an analgesic factor
onit’ s own.

MNEPIAHWH

Tkomog: H epmelpla tng KAWLKNG pag ot
SleyxelpnTikn eTtokAnpidia €yxuom kAo-
vLOlvN G PE OKOTIO TNV EVLOXUOT) TNG PETEY-
XELPMTLKAG avaiynaolag.

YAwo6 kat MéBobog: lMpodkettat ya pia
TIPOOTITLKY] TUXALOTIOLNUEVT SLTAA Tu-
OAY) HEAETN. ZUVOALKA ouppeTeixav 40
aoBevelg péong nAwklag 46.4+14.4 €tn

Kat eUpog 27 pe 78 1. Eikool acBevelg
ETIAOXAV aTO 00PULKY) oTévwon kat 20
amnd ooduLkr) SltokoknAn. H évtaon tou
TIOVOU TIPLV KAl PETA TO XeLpoupyelo afL-
ohoynOnke pe tnv Visual Analogue Scale
of pain (VAS) kat tnv Oswestry Low Back
Disability Questionnaire.

AmnoteAéopata: Asv Bpebnke otatloTL-
K& onuavTikn Stagpopd otnv évtaon tou
Tovou PEeTAEU Ttwv acBevwy Tou eAaBav
SteyxeLpnTikn emokAnpidla gyxuon kho-
viblvng kat autwy Tou Sev €AaBav.
Yupmepaopata: H SteyyetpnTikn eTILOKAN-
pidla éyxuon khovidivng oe emepdoelg
0O0MULKNG OTEVWONG KAL 00ULKYG SLOKO-
KMANG ev elxe karmowa emidpaon otov
€AEYXO TOU TIOVOU HETEYXELPMTLKA.

INTRODUCTION

Intervertebral disc herniation with radiculopathy and lum-
bar stenosis with consequent neurogenic claudication, are
both common clinical problems in western world. The me-
chanical compression of nerve roots leads to local inflam-
mation and release of local pain mediators that constitute
the main cause of pain [1].

In addition to opiate mechanisms, there are other spinal
mechanisms that produce endogenous analgesic factors,
as well as other receptor-specific agents that may produce
analgesia when injected in the epidural space [2]. Clonidine,
an a2-adrenergic agonist [3], has been traditionally ad-
ministrated in oral form as an antihypertensive agent. The
large expression of a2-adrenergic receptors in the central
nervous system (locus coeruleus and dorsal horn of the spi-
nal cord) led to the conclusion that may produce analgesia
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when applied near the spinal cord [4]. Clonidine can actual-
ly block the transmission of pain information by activating
pre-synaptic and post-synaptic a2-adrenoreceptors in the
spinal cord, which block substance P release and dorsal horn
neuron firing, respectively. As for its toxicity, clinical trials
suggested that clonidine is safe, but it may produce side
effects, depending on the route of administration, such as
hypotension, bradycardia, sedation, decreased serum corti-
sol, hyperglycemia, and hypoxemia. Recently, more empha-
sis has being given on the use of low doses of clonidine due
to a remarkable decrease of these side effects [5].

In this study, we report our clinical experience in intraop-
erative "open” epidural application of clonidine in order to
enhance post-operative analgesia and, of course, to avoid
all the complications mentioned above related to the clas-
sic epidural injection technique.
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MATERIALS AND METHODS

After obtaining approval from the institutional ethics com-
mittee [2/31-01-2023 (6.21)], we performed a prospective,
randomized, double-blinded study at the Neurosurgical De-
partment of the University Hospital of loannina, Greece.
The inclusion criteria involved patients ASA physical status
classification system graded | or Il, operated on for lumbar
disc herniation and lumbar stenosis with symptoms last-
ing more than 6 weeks. On lumbar MRI we evaluated the
grade of intravertebral disc degeneration, the grade of disc
prolapse, the type of end- plates changes and the modic
changes of the vertebra. We also recorded patients’ demo-
graphic data, BMI, allergies, smoking or alcohol drinking,
marriage status, educational level, the length of symptom-
atology, profession and previous trauma. We excluded pa-
tients with recurrent lumbar disc herniation, recent spinal
trauma, cauda-equina syndrome, allergy to clonidine, hypo-
tension, congestive heart failure, angina, diabetes mellitus,
and respiratory diseases requiring treatment.

The intensity of preoperative and postoperative pain was
assessed by using the Visual Analogue Scale of pain (VAS)
and the Oswestry Low Back Disability Questionnaire. Pre-
operative all patients underwent a lumbar MRI and x-ray
of the lumbosacral spine in order to exclude spina bifida,
chest x-ray and ECG. A series of blood analysis, such as
complete blood test, coagulation profile, glucose levels,
renal and liver function were performed preoperatively. All
patients provided written informed consent before study
inclusion.

RANDOMIZATION - CLONIDINE ADMINISTRATION

The patients were randomly allocated in two categories,
those that would receive the intraoperative epidural in-
fusion of clonidine and those that would receive a mock
infusion using a randomization program (http:/www.
randomization.com/). All patients received the standard
perioperative prophylactic administration of broad spec-
trum antibiotics and prophylactic low-molecular weight
heparin (according to BMI). Concerning pain management
medications, paracetamol or tramadol were used as need-
ed. As per protocol during the first postoperative day all pa-
tients received paracetamol at a dose of 7000mg X 3 and
tramadol 100mg in addition if needed. The second postop-
erative day we used exclusively NSAIDs (Diclofenac 75mg X
2 or Nimesulide 100mg X 2).

In the operation theater standard intravenous access was
secured and non-invasive monitoring of the patient was
performed (pulse oxymeter, non-invasive blood pressure -
NIBP-, electrocardiograph adhesive leads). All operations
were performed under general anesthesia in prone posi-
tion. The surgical procedure consisted of microdiscectomy,
hemilaminectomy or laminectomy for lumbar disc hernia-
tions and laminectomy for lumbar stenosis. After perform-
ing the laminectomy, a reinforcement of the dura with an
eterologous dural patch was performed. In all cases epidur-
al application of clonidine or mock infusion before closure
was performed (Figure 1).

Figure 1.
A two-level laminectomy, discectomy and bilateral foraminotomy of the corresponding
nerve roots, ending with meticulous hemostasis of the surgical field. Following, the
“open” epidural clonidine infusion (Tamp. of Iml of clonidine-150ug of active ingredient).
Finally, overview of the surgical field and closure of the surgical trauma.
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RESULTS

During the study period 40 patients (22 female, 18 male,
mean age 46.4+14.4 years, range 27 to 78 years) met the
inclusion criteria and were included in the study. Twenty
patients suffered from lumbar disc herniation and twenty
suffered from lumbar stenosis (Table 1).

Table 1. Patients' demographic data.

LUMBAR
SEX  NUMBER OF PATIENTS AGE RANGE STENOSIS DISK HERNIATION
MALE 18 27-68 8 10
FEMALE 22 34-78 12 10

During epidural infusion of clonidine no hypotension or bra-
dycardia was recorded. The infusion was performed by us-
ing Tml of clonidine, which means 150ug of the active ingre-
dient. As far as the patients affected from lumbar stenosis
were concerned, single-level laminectomy was performed
at 10 patients, two-level laminectomy at 9 patients and
three-level laminectomy at 1 patient. There was no statisti-
cally significant difference as far as the post-operative pain
between patients which received the epidural infusion of
clonidine and those who didn't (preoperative median VAS
SCORE 71vs 6.15, postoperative median 1.6 vs 1.2, p>0.05).
All the patients presenting lumbar herniation underwent
microdiscectomy. There was no statistically significant dif-
ference as far as the post-operative pain is concerned be-
tween the patients that received clonidine and the others
that didn't (pre-operatively 6.9 vs 8.1, post-operatively 1vs
1.3, p>0.05). The mean hospitalization time of all patients
was 4 days. No case of wound infection was recorded.

DISCUSSION

Nowadays, both lumbar radiculopathy and lumbar stenosis
have become two of the most costly and ubiquitous medi-
cal problems. In the present study, diagnosis of sciatica was
primarily made on the basis of history taking and physical
examination. The level of the stenosis or of the disc herni-
ation was identified and confirmed by MRI [6]. MR, intro-
duced in the early 70s, constitute the most efficient and
optimal tool for the screening of the patients with sciati-
ca and radicular pain, as it can provide more information
about the aspect and the localization of the lesion in re-
spect of the dural sac, the nerve roots and the ligaments
involved.

The aim of post-operative pain relief is to provide subjec-
tive comfort, in addition to inhibiting nociceptive impulses
caused by trauma as well as somatic reflexes to pain [7,8].
In our study, VAS score was used to evaluate the efficacy of
the epidural administration of clonidine infusion.

The present study has several limitations. First, we record-
ed the pain post-operatively. Thus, the residual effects of
general anaesthesia drugs make the perception of mild
pain (VAS <4) to differ among patients as most patients
tolerate minimal pain in the post-operative period due to
residual analgesia. Furthermore, the immediate post-op-
erative analgesic protocol applied in our department on
these patients might influence study's results. Post-oper-
ative analgesics could be better given when needed by the
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patient itself, but that would be against the medical ethics
towards an operated patient. Finally, both microdiscecto-
my and laminectomy can provide immediate relief of pain,
as they are considered decompressive surgical procedures,
so the patient cannot estimate the extra benefit of any
other intervention.

Several methods have been used in order to treat pain,
which is commonly the symptom that forces the patient
to visit the physician [9], including per os administered
medications, physical therapy, epidural steroid and opioid
injection and, of course, surgery [10]. According to clinical
observations and findings from several studies, epidural in-
jection and surgery appear to be more effective than any
other conservative method [6,11]. However, corticosteroid
administration is limited by systemic toxicity [12] and opi-
oid administration may produce side effects (urinary reten-
tion, pruritus, nausea and life-threatening respiratory de-
pression). In addition, serious complications regarding the
injection technique have been reported, such as epidural
haematomas, traumatic radiculopathy, creation of com-
missures or leptomeningeal inflammation, subcutaneous
CNS fistula and intracranial hypotension, or even paraple-
gia [1314].

CONCLUSIONS

We conclude that the use of epidural clonidine infusion as
an adjuvant to post-operative analgesia in lumbar spine
surgeries provides no extra benefit. Further studies with
larger number of patients are needed.
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ABSTRACT

Objective: Spinal cord tumours are a rare
entity, consisting less than 16% of all cen-
tral nervous system masses. Previous re-
ports on their demographics are inconsis-
tent among different geographic regions.
The aim of this study is to investigate the
demographic profiles of patients with
spinal cord tumours and assess potential
correlations with histologic diagnoses.

Material and Methods: A retrospective
study of the medical records from 2010
to 2019 was conducted, in order to iden-
tify the cases of spinal cord tumours
managed in our department. Parame-
ters of interest were age at the time of
operation, sex, location of the lesion and
histological diagnosis.

Results: A total of 105 patients with
spinal cord tumours were identified. For
those managed surgically, the mean age
was 56 years. Primary tumours were lo-
cated in the thoracic, lumbar and cervical
spine, in decreasing order of frequency.
Schwannomas were more frequently
diagnosed in males and meningiomas in
females. Schwannomas were more com-
monly found in the lumbar spine, where-
as meningiomas were predominantly
located in the thoracic segment of the
spinal cord. Histological diagnosis cor-
related with gender, but not with age or
tumour location.

Conclusions: Of all parameters examined,
only gender was correlated with the final

diagnosis. Previous reports on the relative
rations of nerve sheath cell tumours and
meningiomas are inconsistent. In addi-
tion, in contrast to a reported slight male
predominance, no gender difference was
found in our series. The wide discrepancy
among the studies could be attributed to
potential environmental or genetic factors
or even to sampling and detection bias.

MNEPIAHWH

Tkomog: OL OykoL NG OTIOVOUALKYG OTN)-
Ang elvat pla omdvia ovtotnta, aToTte-
Awvtag Aydtepo amd to 16% OAwv Ttwv
VEOTIAQOLWY TOU KEVTPLKOU VEUPLKOU OU-
otnpatog. Mponyolueveg LEAETEG yLa Ta
Snuoypadlkd Toug oTolxela TapoucLd-
louv évtovn acupdwvia peTafl Twv SL-
ADOPETLKWY YEWYPAPLKWY TIEPLOXWV OTLG
otoleg OlevepynOnoav. ZKomdg aAUTNG
™G HEAETNG elval n Stepelivnon Ttwv &n-
HOYPADLKWY XAPAKTNPLOTLKWY TwV acBe-
VWV HE OYKOUG TNG OTIOVOUALKY|G OTHANG
Kat n agloAdynon tbavng CUCYXETLOMG
TOUG € TNV LOTOAOYLKY) SLdyvwon.

YAwké kaw MéBodog: MpayuatomomnOnke
aAvaSPOULKY] LEAETN TWV LATPLKWV apyxet-
wv aro tnv 2010 €wg twg 2019, tpokeL-
MEVOU VA EVIOTILOTOUV OL TIEPUTTWOELG
OYKWV TNG OTIOVOUALKT|G OTY)ANG TIOU aVTL-
petwnioBnkav otnv KAwwkn pag. lMa-
papeTpoL evbLadEpovTog fTtav N nAkia
KATA TN oTyun g emERBaonc, To GpUAo,
N evtotiion g BAABNC KaL 1 TEALKN LoTo-
AoyLkn SLayvwon.

AmoteAéopata: TUVOALKA eVTOTILOTNKAV
105 aobeveic. Ma autolg Tou avtipe-
TwrloBnkav xeLpoupykd, n péomn nAukia
Ntav ta 56 €tn. Ou mpwtomabeig dykoL
evtomidovtav otn Bwpakikn, 00Uk
KAL QUYEVLKT] Holpa TNng OTOVOUALKNG
oTNANG, Katd ¢Bivouca oeLpd CUXVOTN-
tac. Ta ofavvapata Steyvwobnoav ou-
XvOTeEPA 0g AVOPEG KAL TA UNVLyyLWHATA
oe yuvaikeg. Ta Tmpwta evtormilovav
ouXVOTEPA OTNV 00dULKY| Holpa evw Tta
Seutepa kuplwg otn Bwpakiky) poipa
™G oToVOUALKTG OTHANG. H Lotohoyikn)
Stayvwon Bpébnke va cuoyetidetal e to
®UN0, ANAG OXL HE TNV NALKLA 1) TNV EVTO-
TILOT) TOU OYKOU.

Yupnepaopata: ATO ONeG TLG TIAPAE-
Tpoug Tou eEetdoObnkay, pévo to ¢uNo
Bpébnke va cuoyetiletal pe v TeEAKN
Stayvwon. lMponyoUpeveg peAETeg ava-
DOPLKA HE TO OXETLKO AOyo HETAEU Twv
OYKWV TOU VEUPLKOU EAUTPOU KAL TWV MN)-
VIYYLWwHATWY elval acuvetele. Emumiéoy,
otn Skn pag oslpd Sev Bpebnke kamoLa
Stapopd otig ouxvotnTeg HeTAfU Twv
dUAWY, WOTOOO OE TIPOTYOUUEVEG HEAE-
TEQ EXEL TIEPLypAdEL L HLKPT) UTIEPOXT
otoug avdpeg. H peydAn amdkAion pe-
TakU Twv peAetwy Ba propouce va aro-
600el oe mBavoug meptBarovtikolg 1)
YEVETLKOUG TIAPAYOVTEG 1) OKOUN KAL OE
OUCTNHATLKO OPAAUa OXETLIOHEVO HE TN
peboboloyla SelypatoAnyiag kat avi-
XVEUOTG.
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INTRODUCTION

Spinal cord tumours are a relatively rare entity, consisting
3-16% of all central nervous system masses [1, 2]. Subdivided
into three major categories, extradural, intradural - extra-
medullary and intradural - intramedullary, spinal cord tu-
mours may present with a variety of clinical symptomatolo-
gy ranging from the most subtle to utterly devastating.

Wide discrepancy among the various studies exists in terms
of the demographics of these patients and the relative
frequency of each histological subtype. The most striking
feature is the high variability of ratios of meningiomas and
nerve sheath cell tumours (NSCT), in spite of the popular
belief for a predominance of the former [3]. Interestingly, in
their study, Hirano et al [4] observed a different geograph-
ic distribution of the two histologic subtypes in Asian and
non-Asian countries. In particular, a predominance of NSCT
has been reported in Asia and Oceania, whereas the oppo-
site trend can be observed in Europe and the Americas.

In addition, the importance of the preoperative mental
preparation of the surgeon as well as the adequate in-
formed consent of the patient, cannot be stressed suffi-
ciently. This is further underlined by the similar radiologic
features of the two most common tumours of the spinal
cord [5]. For this reason, the need for indices of the poten-
tial diagnosis of a spinal cord mass prior to the operation is
considered crucial.

As only a few studies have been conducted addressing the
relative frequencies of spinal cord tumours, providing con-
flicting results, the present article aims to investigate the
demographics of patients with spinal cord tumours man-
aged in a single centre in south-east Europe and assess
the potential correlation of demographic parameters with
the histologic diagnoses. Such information could serve as
a preoperative tool for more accurate planning of surgery
but also for patient counselling in advance while awaiting
official histologic diagnosis.

MATERIALS AND METHODS

A retrospective review of the clinical records of all the pa-
tients admitted in the Department of Neurosurgery with
the diagnosis of spinal cord tumour (ICD-10 codes C72.0,
C721, D33.4, D43.4) from 1/1/2010 through 31/12/2019
was conducted. In addition, all histological examination re-
ports of the aforementioned period along with the depart-
ment's surgical reports database were reviewed in order to
identify any potential additional cases.

Parameters of interest were age at the time of operation,
sex, location of the lesion, histological diagnosis and origin
of the tumour (primary or metastatic). Only cases of pri-
mary tumours were included and metastatic tumours were
excluded from further analysis. Patients were also excluded
if any of the aforementioned data was missing.

For non-parametric variables, Mann-Whitney's test and
Kruskal-Wallis H test were used to test for differences be-
tween two and multiple groups respectively and the gen-
eral linear model and Spearman's test were applied to ex-
amine for potential correlations between the parameters.
In all cases, the level of statistical significance was p < .05.

Statistical analysis was conducted using STATISTICA 10.0
(StatSoft 1984-2010) and MATLAB 2016 (The MathWorks,
Inc., 2016). Figures were created using MATLAB 2016 (The
MathWorks Inc., 2016) and Adobe Illustrator CS3 (Adobe
Systems, 2007).

RESULTS

A total of 85 patients with primary spinal cord tumours,
managed through posterior or posterolateral approach,
were identified through the search. Forty-three of them
were men, yielding a male to female ratio of 1:1. No statisti-
cally significant difference was found in the age profiles of
male and female patients (U= 836, p=.56).

The tumour was most frequently located in the thoracic spine,
followed by the lumbar and cervical segments (Table 1).

N 86
Male 43
Male:Female 11

Table 1.
Demographics of the patients

Age (Mean + SD) 56.03 (16.25)

Median (Range) 57 (19-87) - g
- with primary tumours of the
Location spinal cord.
Cervical 8
Cervico-Thoracic 4
Thoracic 42
Thoraco-Lumbar 1
Lumbar 30

This distribution was found to be significantly different
from a theoretical homogeneous distribution along the
spine (X?(4,85)=76.47, p<.001). However, no statistically
significant difference was found between the two sexes, in
terms of the location of the tumour (U=902, p=.99).

The vast majority were extramedullary tumours, with only
9 cases (10% of all primary spinal cord tumours) being in-
tramedullary (Table 2). About half of them were found to
be ependymomas, three were identified as astrocytomas
and 2 cases of tumours with highly undifferentiated neu-
roepithelial cells and occasional evidence of neuroectoder-
mal differentiation, diagnosed as primary PNET, without
evidence of concurrent lesions elsewhere in the CNS were
encountered.

fable2.
Schwannoma 30 | Extramedullary Hlstolog/§a/ diagnoses
of the primary
Meningioma 29 | Extramedullary  +,mours.
Meningothelial 17
Psammomatous | 7
Fibrous 1
Clear cell 3
Mixed 1
Ependymoma 4 | Intramedullary
Astrocytoma 3 | Intramedullary
PNET 2 |Intramedullary
Paraganglioma 3 | Extramedullary
Neurofibroma 2 | Extramedullary
Cavernoma 5 | Extramedullary
Giant cell tumour | 1 | Extramedullary
Osteoma 1 | Extramedullary
Lipoma 3 | Extramedullary
Angiolipoma 2 | Extramedullary
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The most frequent histologic diagnoses were schwannomas
and meningiomas particularly of the meningothelial subtype
(Table 2). A statistically significant difference was found in
the distribution of the two most frequent diagnoses be-
tween the two sexes (U=234.5, p<.001), with the schwanno-
mas being more frequent in males (19/30) and meningiomas
in females (24/29), yet no statistically significant difference
was found in their age profiles (U=409.5, p=.7).

Interestingly, the two tumour types showed different dis-
tributions in the spinal cord (U=249, p<.01), with schwan-
nomas being more common in the lumbar spine (18/30),
whereas meningiomas were predominantly located in the
thoracic segment (25/29). Again, the observed versus ex-
pected distribution of these two tumours were significantly
different for each individual sex (X2(3,42)=13.95, p<.001 for
males and (X%(3,42)=31.18, p<.001 for females). Schwanno-
mas and meningiomas in male patients were equally found
in the thoracic and lumbar spine, while in female patients
they were predominantly located in the thoracic segment
(Figure 7).
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Figure 1. Spatial distribution of meningiomas (a) and schwannomas (b)
grouped by gender.

Of the 19 cases of schwannomas found in male patients, 11
were located in the lumbar spine. Further analysis revealed
a statistically different distribution from the homogeneous
one (X2(3,19)=11.25, p=.01). The same applies for the 24
cases of meningiomas found in female patients, 21 of which
were located in the thoracic spine (X2(2,24)=31.75, p<.001).

Histologic diagnosis was found to be correlated with gen-
der (r=.47, p<.01) and location of the mass (r=.41, p<.01)
(Figure 2). Examining further the parameters associated
with these two histologic diagnoses, a main effect of gen-

24

der (F=16.25, p<.001) was found using the general linear
model. However, this was not the case for age (F=0.13,
p=.72) and location of the tumour (F=2.98, p=.09).

Five cases of vascular tumours were treated in patients
with a mean age of 54.2 years (SD 24.59). Three of them
were men and all but one of the cases were located in the
thoracic spine.

The interested reader could also refer to previous publica-
tions from our group reporting a case of a cavernoma of the
cauda equina [6] and two cases of spinal angiolipomas [7].

Sex

0.5

Age

Location

Diagnosis

Sex
B
Location |
Diagnosia

Figure 2. Correlation matrix of the parameters under investigation. Values
correspond to Spearman’s rank correlation coefficient r.

DISCUSSION

In the present work the demographic data from all spinal
cord tumours managed in a single centre over the last de-
cade are reviewed and analysed.

The two most common primary extramedullary tumours
are those arising from the nerve sheath cells (represented
primarily by schwannomas and neurofibromas) and the
meningiomas. Other, less common diagnoses were para-
gangliomas, neurofibromas and vascular tumours, in this
case, cavernomas.

As far as the schwannomas are concerned, most studies
report equal frequencies in the two genders [8] or a slight
male predominance [4, 9], whereas others challenge this
claim suggesting a higher male to female ratio [10] or even
a slight female predominance [11].

In turn, an annual incidence of 0.33 per 100,000 has been
found in the United States of America for spinal menignio-
mas [12]. A higher incidence of meningiomas has been re-
ported for the white, non-Hispanic population, compared
to non-Hispanic blacks and Hispanics [12, 13]. Similarly, a
higher incidence in female patients is reflected by the data
[13-16].

In the present series of spinal tumours, female patients di-
agnosed with meningiomas were significantly more than
male patients. This has been well-documented in previous
studies [12, 17] and is further supported by a number of
clinical and preclinical studies, in which alterations in the
size of these masses has been observed throughout the
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menstrual cycle [18], as well as an increased risk for pre-
sentation in multiparous women [19] and in females with
a history of hormone replacement therapy for a prolonged
period of time [20] has been established. These observa-
tions could be explained at a molecular level by the abun-
dance of oestrogen receptors that have been identified in
these tumours [21].

In contrast, the figures were the exact opposite for the
case of schwannomas. This difference between genders
and the predilection of the two tumour types for each gen-
der, is supported by previous studies [13]. Nevertheless, the
difference was not as pronounced. For example, Schellinger
et al. found a male to female ratio of 0.29 for meningiomas
and 1.25 for nerve sheath tumours, while in our work the
respective figures are 0.21 and 1.67.

A key finding derived from our data, is that when investi-
gating the two most frequent diagnoses, the sole predictor
of histologic diagnosis is the gender of the patient. Even
though schwannomas tend to appear slightly earlier in life
and are more frequently encountered in the lower spine [2],
our results suggest that when all parameters are being ac-
counted for, the effect of age and location are insignificant.

A wide discrepancy among the results of various studies
can be noted, with some of them reporting a higher inci-
dence of menigniomas (e.g. [13, 22]), and others suggest-
ing that nerve sheath tumours are more frequent (e.g. [4,
23]). In fact, their relative ratios have been found to vary
depending on the geographic origin of the study.

This discrepancy could be attributed to four individual fac-
tors. First and foremost, are the genetic and the environ-
mental factors, which will be examined as a group, since for
some cases our level of knowledge does not allow us to dif-
ferentiate between the two underlying factors.

To begin with, mutations to a number of genes have been
identified to be linked to meningiomas [24] and schwanno-
mas [25]. However, to the best of the authors' knowledge
no comparative population based epidemiologic study ex-
ists. This gap in the available literature is of paramount im-
portance, as it may hinder critical information regarding the
aforementioned discrepancy among the various studies.

Next, the sampling bias is an equally important parameter
to be considered. Sampling bias is an inherent flaw of all
studies, affecting primarily those that address a rare en-
tity, as in the present case. In the review that Hirano et al
conducted [4], 14 studies reporting the histological diagno-
sis of spinal cord tumours were identified, with the number
of patients ranging from 92 to 3,226. Importantly, some of
these studies were single-centre and interestingly some
works report findings of before MRI was readily available or
even been invented. It is possible therefore, that some cas-
es were not diagnosed as their symptoms were subtle. It
can be expected that as national databases and registries
are becoming more readily available, multi-centre studies
with larger number of participants will provide a more ac-
curate insight in the topic.

Last but not least, one cannot oversee the potential for a
detection bias. This arises from the fact that in some re-
gions physicians are less reluctant to order imaging of the

spinal cord over minimal symptomatology. As a result, the
tendency to over-diagnose some benign conditions arises.
Without doubt the exact opposite also applies, due to re-
strictions imposed by financial burdens. This is reflected
in the higher abidance with the indications for spinal cord
MRI in the private sector compared to the public one [26],
but also at an international level, with 44.3% [27], 65% and
88% [28] of MRI scans of the spinal cord being considered
appropriate in Canada, the USA and Spain respectively.
Finally, a recent study demonstrated that physicians were
less reluctant to prescribe an MRI of the lumbar spine be-
fore conservative therapy if the patient was male, older,
black, Hispanic and of low economic status [29].

Finally, with regards to the intramedullary tumours, which
account for less than 10% of all spinal cord tumours, the
most common histological subtype are ependymomas fol-
lowed by astrocytomas and hemangioblastomas [30]. All
of them are more frequently found in the cervical spine and
in male patients [30-32]. In agreement with the available
literature, gliomas predominate among the intramedullary
spinal cord tumours of the patients managed surgically in
the present series, with 78% of them being of glial origin and
the remaining two cases being of neuroectodermal origin.
The majority of the patients are men with an overall mean
age at the time of intervention at 44.2 years (SD 12.77)

CONCLUSIONS

Previous reports on the incidence of nerve sheath cell tu-
mours and meningiomas are inconsistent, which could be
attributed to potential environmental or genetic factors
or even to sampling and detection bias. As a result, more
multi-centre studies are needed to establish a definitive
answer to the incidence of spinal tumours. Through the
analysis of the collected data, gender was the only param-
eter to be distinctive of the two most prominent diagnoses.
Hence, when encountering an extramedullary tumour, in a
female patient, the most probable diagnosis is a meningio-
ma, regardless of her age and location of the mass.
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ABSTRACT

A rare cause of an infected chronic sub-
dural hematoma is the hematogenous
spread of an infectious site, such as the
urinary tract towards the intracranial
space, especially in elderly patients. We
report a case of a 92-year old woman
with a subdural hematoma of the right
cerebral hemisphere, that was infected
by Escherichia Coli from an urinary tract
infection with review of the literature.
The presence of an infected subdural he-
matoma should be considered, in cases
of chronic subdural collections in elderly
patients with suspected preexisting ex-
tra-cranial infectious processes.

MNEPIAHWH

Mia omdvia attia empolucpévou xpo-
viou umookAnpLdlou alpatwuatog aro-
TeAel N alpatoyevhg Slaomopd  ato
QTIOMOKPUOHEVN Aolpwdn eotia, omwg
TO OUPOTIOUNTLKO cUoTNUA, ouvnBwg ot
NALKLwpévoug aoBeveig. Mapouotaloupe
TNV TepLITTWon pLag yuvatkag 92 etwv pe
EUTIUPETO KaAL XPOVLO UTIOOKANPLSLO at-
pdtwpa, to omolo amedeiyOn peta aro-
OTOA] KAAALEPYELWV ETILLOAUCHEVO  LIE
Escherichia Coli amé avtiotown Aotpwén
OTO OUPOTIONTLKO cUotnua. H avaoko-
mnon g BLBAoypadiag avédelke 16 ap-
Bpa ta teheutaia 50 £tn pe kataypad
ETILHOAUGHEVNG UTIOGKANPLOLOU CUANOYY|G
alpatog oe aoBevelg 70 eTwv kat avw. To

ouvnBEoTeEPO HLkpOBLo TjTav Omwg Kal
otn 6wkn pag meptmtwon 1 Escherichia
Coli. H emipuoluvon evog mpouttapyovTog
ALUATWHATOG TIPETIEL VA CUMTIEPLAAUBA-
VETAL 011 Stapopodldyvwon eumupeTwy
acBeviv oe TIpOXWPENHEVN NALkia, Adyw
ouvoSoU ouVVoOoNPATNTAG KAL HELWHEVNG
QVTATIOKPLONG TOU QVOCOTIOLNTLKOU OU-
OTNUATOG.

INTRODUCTION

The clinical and radiological entity of chronic subdural hema-
toma is well studied as a common neurosurgical entity, espe-
cially in elderly patients who receive anticoagulant medica-
tion. A rare cause of an infected chronic subdural hematoma
is the hematogenous spread from an infectious site, such as
the urinary tract [1, 2]. On the other hand, subdural empy-
ema refers to a rare condition associated with parasinusitis,
otitis media and open depressed fractures of frontal and / or
temporal bones [1]. The spread of an infection to an altered
subdural space where blood exists, protein and cerebrospinal
fluid is a rare condition, but in the case of coexistence of an
infection and a hematoma, the neurosurgeon should always
be mindful and collect subdural fluid samples for analysis
and culture [2]. We report a case of an infected subdural he-
matoma in an elderly patient and we perform a review of
the literature.

CASE REPORT

A 92-year old woman was admitted to the emergency
department with fever (38°C), shudders and disorienta-
tion. Laboratory examination revealed leukocytosis and a
40-fold increased c-reactive protein. The urine analysis of
the patient revealed an increased number of pyospheres
and high levels of protein. Past history included dementia,
uterine cancer three years prior to admission with adjunct
radiotherapy and bilateral hip arthroplasty due to osteoar-
thritis. She was admitted to the internal medicine depart-
ment, in order to determine the cause of the fever. After
72 hours she became lethargic, developed left hemiparesis
and focal seizures. Computed tomography scan revealed a
right-sided subdural hematoma with a 13 mm midline shift
and global hemispheric edema (Fig.1,2).
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Figure 1.
A right-sided subdural hematoma with a 13 mm midline shift and global
hemispheric edema (upper section cut).

She underwent urgent evacuation of the hematoma with
two burr holes (frontal, parietal) and placement of a sub-
dural drain for 48 hours. The color of the subdural fluid was
blurred yellowish-brown and appeared not to be purulent.
She was hospitalized in the intensive care unit for 48 hours
and was admitted to the neurosurgical department after-
wards with Glasgow Coma Scale of 13/15 and slight left
hemiparesis. Based on the results of the bacterial cultures
received from the urine and the subdural fluid, the common
pathogen isolated was Escherichia Coli. The neurological
deficits recovered significantly postoperatively. The patient
received ceftriaxone, vancomycin and metronidazole intra-
venously for 6 weeks. The patient became afebrile in 2 days
and demonstrated progressive improvement. Despite this
clinical course, she passed away after 2 months because of
acute respiratory failure.

DISCUSSION

Chronic subdural hematoma is a common neurosurgical en-
tity that usually demands urgent evacuation. The surgical
procedures include burr holes, craniotomy or craniectomy
with or without placement of a subdural drain [3]. On the
other hand, purulent fluid exists in empyema, a rare clinical
entity correlated with otitis media, parasinusitis or anteri-
or/middle cranial fossa skull base fractures [1]. Hematoge-
nous seeding from a distant infection to the subdural space
is uncommon. The aforementioned predisposing factors
were not present in our case. An encapsulated hemato-
ma is vulnerable to bacterial dissemination from a distant
source due to neovascularization and bridging fragile veins
with vascular hyperpermeability [4]. It is not a common
complication of a preexisting hematoma, but could be fatal
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Figure 2.
A right-sided subdural hematoma with a 13 mm midline shift and global
hemispheric edema (lower section cut).

especially in elderly patients.

Previous reports strongly suggest that old and compro-
mised patients with an underlying disease such as cancer
are susceptible to emerge an infected subdural hematoma.
Bacteria might have been transferred hematogenously on
the capsule of the chronic subdural hematoma by bactere-
mia derived from immunological dysfunction. An additional
factor is the contemporary presence of a well-described in-
flammatory state in cases of chronic subdural hematoma
[5,6].

An interesting theme is to distinguish the results of bacte-
rial dissemination in the subdural space according to terms
such as subdural empyema, infected subdural hematoma
and subdural abscess. A subdural empyema is a distinct
pathology from an infected subdural hematoma because
in the first case the subdural space is clearly filled with
pus, when in the second case the fluid resembles a typical
chronic hematoma where the lab cultures isolate a patho-
gen. Additionally, the subdural abscess is an encapsulated
mass over the brain convexity where the purulent fluid in-
side could be contaminated from more than one bacteria
and a distinct feature is the high thickness of the capsule
[3,4].

In the last 50 years there were cases reported in the litera-
ture of infected subdural hematomas in patients > 70 years
old, as it is shown in table 1 [6-21]. Escherichia Coli was the
most common bacteria which was isolated from the sub-
dural fluid and the urinary tract the most common site of
infection. Vetrovec et al. reported three cases of infected
subdural hematomas during bacteremia, two with Salmo-
nellae and one with Escherichia Coli [22]. Kaminogo et al in
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YEAR OF

AUTHORS PUBLISH SEX AGE BACTERIA

Braun CW et al.[7] 980 | F |7 gtt‘:gt‘z'cfc'zus
Casson IR et al. [8] 1981 M | 70 | Escherichia Coli
Kaminogo Met al. [9] 1984 F 76 | Escherichia Coli
Bakker S et al. [10] 1995 F | 88 | Escherichia Coli
Hirano A et al. [6] 1995 M | 86 | Escherichia Coli
AokiN et al. [11] 1997 M | 70 | Campylobacter fetus

Sawauchi S et al. [12] 1998 F 77 | Escherichia Coli

Honda Met al. [13] 2002 F 71 | Klebsiella pneumoniae

Otsuka T et al. [14] 2007 M | 87 | Unknown

Narita E et al. [15] 2009 M | 80 | Escherichia Coli

Kobayashi N et al. [16] 2009 F 75 | Escherichia Coli

Dost Letal. [17] 2012 M | 86 | Campylobacter fetus
MRS

Fujii N et al. [18] 2013 M | 76 | (Methicillin-Resistant
Staphylococcus Aureus)

Nagao Tetal. [19] 2015 F | 78 | Proteus mirabilis

Anno Tet al. [20] 2018 M | 76 |Edwardsiella tarda

Akiyama Tet al. [21] 2021 M | 72 | Helicobacter cinaedi

Table 1.
Previously reported cases with an infected subdural hematoma.

a 76-year-old man observed that both culture of subdural
fluid and urine yielded Escherichia coli [?]. Sawauchi et al.
reported that in the majority of cases the causative organ-
isms were Escherichia coli, Salmonella, and the systemic
sources of infection were the urinary tract, gastrointestinal
tract, or unknown [12]. Dabdoub et al proposed cranioto-
my as the method of surgical drainage in adults, because it
ensures maximal drainage of the loculated contaminated
fluid and allows the total removal of the capsule [1]. In our
case two burr holes allowed excellent visuallization of the
cavity and the inner membrane, which was opened as in all
cases of chronic subdural hematomas [23].

CONCLUSIONS

The presence of an infected subdural hematoma should be
considered when computed tomography findings indicative
of a chronic subdural hematoma exist in an elderly patient
with a suspected preexisting infectious process. Surgical
evacuation and a 6-8-week antibiotic therapy are consid-

ered mandatory, although the co-morbidities of the elderly
patients may affect the clinical outcome negatively.
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ABSTRACT

Meningiomas are the most common pri-
mary central nervous system tumors in
adults. Headache is the most common
presenting symptom in both supraten-
torial and infratetorial lesions, while
seizures concern the supratentorial
ones. They are typically not infiltrative
or fast-growing tumors, so they have
an insidious symptom onset. We report

an unusual clinical manifestation of an
infratentorial meningioma. The patient
presented with swallowing difficulties
and hoarse voice as an outcome of vocal
cord paresis, probably caused from an
affection of the superior laryngeal nerve.

MNEPIAHWH

Ta pnviyywwpata elvat o To ouyvog
TPWTOTAONG OYKOC TOU KEVTPLKOU VEU-
pLkoU ouotnuatog. To 13% autwv evto-

miletal otov omioblo kpaviakd Bobpo.
Mapoucialetal 1 meplmtwon plag acBe-
vouG e Ttdpeon KpaviakoU veupou amod
Xwpokataktntiky ekepyacta omobiou
KpaviakoU BoéBpou, 1 omota dev vjtav os
ocadn| emadn pe tn PAARN. YreBAn0On oe
XELPOUPYLKY) eEUBaon oAkng e€alpeong
™G PAGPNG KaL LeTd éva £TOC TapaTnNeN-
Onke pePLKY) BeATiwon TNG APXLKNG OUu-
UTITwHaToAoyiag.

INTRODUCTION

Intracranial meningiomas account for about 32% of primary
central nervous system tumors in adults, with an incidence
peak at 45 years old and a sex ratio prevalence for female
to male of 2.27/1. [1] Posterior fossa meningiomas, comprise
the 13% of all meningiomas. They are usually presented with
signs and symptoms of increased intracranial pressure (mass
effect) and hydrocephalus (obstruction of the IV ventricle),
including headache, nausea-vomiting, papilledema, ataxia,
vertigo, diplopia. Other frequent location-related symptoms
are dysmetria and intensional tremor (concerning cerebellar
hemisphere), gait disturbance on broad base, truncal ataxia
(concerning cerebellar vermis), multiple cranial nerve palsy
and rotatory or vertical nystagmus when brainstem is in-
volved.[2].

We report a rare clinical case, of a patient that presented
with swallowing difficulty and hoarse voice as an outcome of
vocal cord paresis, probably caused from an affection of the
superior laryngeal nerve.

CASE PRESENTATION

A 59 year-old female patient presented with progressive
dysphagia, paroxysmal cough, and frequent changes of
voice tonality for a three week period, with a constant de-
terioration. The difficulty was either for liquid or solid food.
At first she visited an ENT specialist, who performed an in-
direct laryngoscopy and discovered a left vocal cord paresis.

The subsequent diagnostic tests according to guidelines for
unilateral vocal cord paresis revealed no usual pathology,
including neck ultrasonography, and finally the patient un-
derwent a brain magnetic resonance imaging (MRI). MRI
demonstrated a large extra-axial lesion, measuring 36 x28
x37 mm in the right cerebellar hemisphere, hypointense on
both T1-weighted and T2-weighted sequences. After gad-
olinium infusion, the mass showed homogeneous contrast
enhancement with dural attachment on the right tento-
rium [Figure 1]. The mass was not in direct contact with
the cerebellopontine angle, did not obstruct the IV ventricle
and did not cause displacement of the midline structures.
Past medical history was unremarkable.

The patient was advised to visit our neurosurgical depart-
ment, and after perfoming a cautious physical examination
we did not find any other cranial nerve palsy. We also dis-
covered right dysdiadohokinesia, very excitable reflexes on
the right side and Babinski sign, without Romberg or Barre
sign. Surgical intervention was recommended. A chest
x-ray and an electrocardiogram were performed, as well
as complete blood test, coagulation profile, glucose levels,
renal and liver function, and a complete hormonological
profile (T3, T4, TSH, FT4, E2, FSH, LH, PRL, TES, SHBG,
DHEA-S, BHCB, PRG, CORT, AFP, CEA, CA19.9, CA 15.3,
CA125) with no pathological findings. Preoperatively, the
patient received the standard preoperative prophylactic
administration of broad spectrum antibiotics.
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Figure 1. Gadolinium enhanced T1-weighted MRI demonstrating the posterior fossa meningioma.

OPERATIVE PROCEDURE

After an EVD placement the patient was positioned in
prone - concorde — position. A right paramedian suboccipi-
tal craniectomy was performed [3,4] After the bone removal
and the dural incision, the tumor appeared to have a broad
base on the tentorium and a rich vascularization, and it was

well-demarcated from the adjacent cerebellar tissue. Frozen
section analysis confirmed the presence of a meningioma.
The rest of the tumor was being debulked and totally re-
sected with the use of Cavitron Ultrasonic Surgical Aspirator
(CUSA) [Figure 2].

Figure2. Intraoperative photos.

A gross total resection was uneventful, and the patient ad-
mitted to the Intensive Care Unit for post-operative moni-

toring. A brain CT-scan was performed on postoperative Day

32

1, that demonstrated the complete resection of the tumor
without any sign of ischemia or hemorrhage [Figure 3]. Pa-
thology revealed the presence of a meningioma grade 1.
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Figure 3. Postoperative CT revealing complete tumor removal.

During the post-operative period the patient did not pres-
ent any focal neurological deficit, or other clinical symptoms
such as fever, nausea and vomiting. All her initial symptoms
disappeared apart from light dysphagia. Two-months later,
a new indirect laryngoscopy was performed by the same

ENT, that revealed the same hypokinesia of the left vocal
cord. Four-months later, a brain MRI demonstrated the gross
total resection of the meningioma without any damage to
adjacent cerebellar [Figure 4]. The sensation of foreign body
in the throat persisted but was slightly better.

Figure 4. Postoperative MRI revealing complete tumor removal. A. TT weighted MRI. B. T2-weighted MRI. Gadolinium enhanced T1in 3 planes (C,D,E).

DISCUSSION

Laryngeal nerves are branches of vagus nerve (X) and are
divided in the superior laryngeal nerve and the recurrent la-
ryngeal nerve. The superior laryngeal nerve is sensorimotor
and gives sensory innervation to all supraglottic areas (false
vocal chords, epiglottis and aryepiglottic folds), via the in-
ternal branch, as well as motor innervation to cricothyroid
muscles and lower pharyngeal muscles. Any loss of sensory
innervation in the aforementioned areas has an important
impact in protection of airway from saliva and food bolus.
Patients with superior laryngeal nerve involvement will re-
port symptoms due to motor function, such as changes in
their voice pitch (cricothyroid muscle) or swallowing difficul-
ties (pharyngeal constrictors) as well as symptoms due to
sensorineural function loss [5]. These would be saliva aspira-
tions and paroxysmal cough due to internal branch involve-
ment. However, if only the superior laryngeal nerve is affect-
ed the voice symptom can be bitonal voice production due to
unilateral loss of vocal cord tension (cricothyroid muscle). In
unilateral paresis the symptoms can be mild but in bilateral
lesions the complete loss of sensory innervations can lead to
frequent aspirations and infections of the lower respiratory
system.

When patients visit the ENT with hoarse voice and loss of
sensation the physician must be aware of any kind of pathol-
ogy within the entire length of the vagus nerve. The Europe-
an guidelines for unilateral paralysis are the following [6,7]
complete history, palpation, indirect laryngoscopy, thyroid
examination and neck ultrasonography. If no clear pathology
is found further diagnostic work-up must follow with brain
MRI, CT of the thorax and skull base, stroboscopy and voice
analysis, microlaryngoscopy. Barium swallowing test, func-
tional respiratory test and laryngeal EMG. There is a long list
of possible pathologies that can affect both superior and
recurrent laryngeal nerves, especially unilaterally and the
possible causes can be either neurogenic or mechanical. The
main categories are neoplasmatic, traumatic (surgical and
non-surgical), on basis of other systematic diseases and id-
jopathic.

The most commonly occurring meningiomas in the posterior
cranial fossa are located in the cerebellopontine angle. Their
usual clinical manifestation involves the lower cranial nerves
compression. In this rare clinical case, there has been noticed
a single cranial nerve affection from a lesion of the posterior
fossa that was not anatomically related to the nerve, most
probably from the surrounding edema, which, because of the
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small space of the posterior fossa, was crucial in affecting
the ipsilateral vagus nerve.

CONCLUSIONS

In the current case indirect laryngoscopy revealed a paresis
of the left vocal cord with slight dysphonia (double pitch and
hoarseness) while the patient didn't report any history of pri-
or pathology/surgery in the neck or thoracic area. The neck
U/S revealed no pathology and it was decided to perform a
brain MRI scan which showed the presence of the enlarged
meningioma. To the best of our knowledge no previous case
has been reported to date. Thus, it is crucial to have in mind
that the ENT specialists must examine the whole spectrum
of the aforementioned pathologies
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