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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
not exceed 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
explanation.

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
to or published to Hellenic Neurosusgrey
unless the information is essential for
the published work and the patient has
provided written informed consent.

Special attention to images that
contain identifiable individual patient
characteristics or data head or face
characteristics, or where the individual's
name or other personal details are
mentioned. Special care should be taken
when children are concerned.

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
journal.

HELLENIC NEUROSURGICAL SOCIETY / JANUARY - APRIL 2026

OTHER

Cases of academic fraud, duplicate and
redundant publication will be managed
according to COPE Guidelines.

PREVIOUSLY PUBLISHED WORK

The authors are responsible to obtain
permission to reproduce any previously
published material (i.e. tables, figures),
and are responsible for covering any
related costs.

Transfer of copyright to the "Hellenic
Neurosurgery" is a condition of publication.

ACKNOWLEDGMENTS
Acknowledgments of people, grants,
funds, etc. should be placed in a separate
section on the title page. The names of
funding organizations should be fully
provided.

ARTICLE REVISIONS

Submission of a revised manuscript should
include a Revision Letter or Cover Letter
(with detailed responses to reviewers).
Revised Manuscripts should have tracked
or highlighted changes including also the
revised Figures and/or Tables.



EDITORIAL

Multiple-Target Deep Brain Stimulation:
Current Evidence

Evangelos Kalogirou', Georgios A. Alexiou', Parmenion P. Tsitsopoulos?

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

CORRESPONDING AUTHOR

Department of Neurosurgery, University of loannina, School of Medicine, S. Niarhou Avenue, 45500 loannina, Greece,
Tel: +30 6948 525134, E-mail: galexiou@uoi.gr, E-mail: alexiougrg@yahoo.gr

CONFLICT OF INTEREST
None

FUNDING
None

Deep brain stimulation (DBS)
represents a well-established
neurosurgical intervention for
treating severe neurological
disorders resistant to pharma-
cological management. The
procedure delivers precisely
calibrated electrical impulses
to targeted brain nuclei, mod-
ulating dysfunctional neural
circuits [1]. While the precise
mechanisms underlying DBS
efficacy remain incompletely
understood, substantial clin-
ical evidence has established
its therapeutic value, partic-
ularly in movement disorders
[1-3].

The selection of brain nuclei to
be targeted is driven by vari-
ous factors, such as underlying
disease, predominant symp-
toms, individual patient char-
acteristics, and anatomical
feasibility [4,5]. Common tar-
gets include the subthalam-
ic nucleus (STN) and globus
pallidus internus (GPi) DBS
for motor symptom control in
advanced Parkinson's Disease
(PD), and ventral intermedi-
ate thalamic nucleus (Vim) for
tremor-dominant Parkinson-
ism [3].

Due to its proven efficacy, its
range of application is expand-
ing and at the same time new
approaches are being devel-
oped. A relatively new, evolv-
ing clinical approach combines
simultaneous stimulation of
anatomically distinct targets
to address symptom combina-
tions inadequately controlled
by single-target interventions,
aptly named multiple-target
DBS. The rationale derives
from neurocircuit topology:
different basal ganglia struc-
tures contribute differentially
to distinct symptom domains.
For instance, STN-DBS effec-
tively reduces bradykinesia
and rigidity but may inade-
quately address tremor or gait
disturbance; respectively, GPi-
DBS controls dyskinesia more
effectively than STN-DBS but
produces less rigidity reduc-
tion [6].

Retrospective studies and
small RCTs suggest that
multiple-target DBS, such

as GPi+VIM for dystonia, VI-
M+VOA (thalamic Ventralis
Oralis Anterior) for essential
tremor, as well as STN+G-
Pi, STN+VIM and STN+SNr

(Substantia Nigra) for PD
can offer feasibility, safety,
and situational superiority
over single-target stimulation
[7-10]. The research is still on-
going as it is hard to procure
definite results in such small
subsets of patients.

A critical concern regarding
multiple-target DBS is the cu-
mulative adverse effects from
expanded hardware and sur-
gical intervention. However,
empirical evidence suggests
that this concern may be over-
stated. The available evidence
from small series indicates
that despite requiring more
complex surgical approach-
es and additional hardware,
multiple-target DBS does not
produce substantially elevat-
ed adverse effect frequencies
[11-13]. Especially regarding
stimulation-induced adverse
effects, a small downwards
trend could potentially be as-
sociated with a smaller need
for increased current density
required; symptoms can be
adequately controlled with
smaller current densities.

Despite accumulating evi-
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dence, no formal clinical in-
dications currently exist for
multiple-target DBS outside
structured research protocols.
The evidence base remains
limited to case reports, small
retrospective case series (typ-
ically 3-8 patients), and pre-
liminary open-label trials with
up to 18 patients. Long-term
follow-up data extending be-
yond 2-3 years remain scarce,
limiting assessment of dura-
bility and cumulative adverse
effects [8].

Several methodological lim-
itations warrant acknowledg-
ment. Study heterogeneity
complicates a systematic ap-
proach : variable follow-up in-

tervals, inconsistent outcome
measurement protocols, and
disease severity or comorbid-
ity differences across studies
hinder definitive comparisons.
Additionally, small sample siz-
es create statistical instabil-
ity; single patient outcomes
can substantially impact re-
ported efficacy percentages.
Meanwhile, the very limited
number of controlled clinical
trials with pre-specified trial
plans significantly increases
the overall risk of bias. Lastly,
smaller studies with statisti-
cally significant results may be
overrepresented compared to
studies which show no benefit.

Overall, current evidence could
support multiple-target DBS
as a viable option in carefully
selected patients with docu-
mented poor response to op-
timized single-target DBS and
symptoms spanning multiple
functional domains (motor
planning, tremor control, gait)
not well-addressed by any sin-
gle target. Interdisciplinary
preoperative assessment re-
mains essential, with the aim
to systematically evaluate
motor and non-motor symp-
tom profiles to predict which
additional target(s) may pro-
vide complementary benefit.
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ABSTRACT

Background: Deep Brain Stimulation
(DBS) to Ventral Inter Mediate nucle-
us (VIM) has been the first line surgical
treatment for medically refractory es-
sential tremor (ET). Several studies have
suggested that Posterior Subthalamic
Area (PSA) -DBS could be more effective
in controlling tremor symptoms and at
the same time is associated with fewer
adverse events. Our aim was to provide
an overview of the data on the efficiency
of PSA-DBS in symptom control of ET.

Methods: A systematic review on Pu-
bMed, Embase, and the Cochrane Library
until 2nd of July 2025 was performed us-
ing the following keywords: "Deep Brain
Stimulation”; “essential tremor”; "poste-
rior subthalamic area”; "caudal zone in-
certa”; “complications"; "adverse events".
We included studies with patients with
a confirmed diagnosis of ET that were
treated with PSA-DBS and had a docu-
mented change in any objective tremor
rating scale at baseline and at the last
follow up. The risk of bias was assessed
using the ROBINS-I tool.

Results: A total of 13 studies including
394 patients treated with PSA-DBS were
included. The overall risk of bias, based
on the ROBINS-I tool, was judged to be
serious across all included studies. The
average follows up ranged from 12-64.8
months. The pre and post DBS (on) trem-
or improvement rate ranged from 40.54
-89.47%. During the off stimulation set-
ting the improvement rates when com-
pared to baseline ranged from 1-23.68%
with two studies reporting worse tremor
rates than baseline. In the studies that

reported adverse events post treatment,
these rates ranged from 24.5-71.42%.

Conclusions: Our study demonstrated
that PSA-DBS is an effective alternative
to VIM-DBS in the treatment of patients
with medically refractory ET. However,
larger and better-structured studies are
needed to confirm these findings.

Keywords: Deep Brain Stimulation; es-
sential tremor; posterior subthalamic
areq; caudal zone incerta; complications;
adverse events.

MNEPIAHWH

Ewoaywyn: H ev tw BabBeL eykepaAkr) di-
¢vepon (Deep Brain Stimulation, DBS)
Tou Tuptjva Ventral Intermediate nucleus
(VIM) amoteAel tnv TPWTN VPO XEL-
poupyLKN g Bepareiag yia tov avBekTiko
0T GAPHAKEUTLKN aywyr) oLomabr) tpo-
po (Essential Tremor, ET). ApKeTég peNE-
Teg €xouv uttodeieL 6tL DBS pe otdyo tnv
Posterior Subthalamic Area (PSA) evéé-
XETAL VA ELVAL TILO ATIOTEAEOUATLKT OTOV
ENEYXO TWV CUUTITWHATWY TOU TPOUOU KaL
Tautoxpova va oxeTiletal pe Aydtepa
avemBuunta cupBavta. IToxog Hag nrav
VA TIAPEYXOULE LA CUVOALKT) ETILOKOTINGT)
Twv Slabéopwy Sedopévwv OXETIKA E
v amoteAeopatikdétnta tou PSA-DBS
OTOV EAEYXO TWV CUUTTTWHATWY Tou ET.

MéBoboL: [paypatomow|Bnke  ouotn-
MATLK avaokomnon otn Bdorn Sebopé-
vwv PubMed, Embase kat Cochrane £wg
T 2 louhiou 2025, ypnoLuomoLwvTag
TG akOMouBeg Ackelc-kAeldLd:  «Deep
Brain Stimulation», «essential tremor»,
«posterior subthalamic area», «caudal
zona incerta», «complications», «adverse
events». YUUTEPLANDONKAY HENETEC HE

acBevelc pe emBeBalwpévn Stayvwon
ET mou umoPMBnkav oe PSA-DBS kau
mapouctalav  TEKUNPLWHEVT  HETABOAN
OE OTIOLAONTIOTE QVTLKELEVLKY) KALMAKA
a&LoAdynong TPopoU Katd TNy évapén kat
Katd tnv TeAeutatla mapakoAoubnon. O
Kivbuvog pepoAnuiag a&lohoynOnke pe to
epyaAeto ROBINS-I.

ArnoteAéopata:  TupmeplA\ngOnkav ou-
VOALKA 13 peléteg pe 394 aoBeveig mou
uttoPBArOnkav oe PSA-DBS. O cuvoAikog
Kivbuvog pepoAnitag, Baocel tou epyalet-
ou ROBINS-I, aoloyrBnke wg coBapog
0g ONeC TLC oupmepAndBOeic peétec. H
péomn Sapkela mapakoAouBnong Kupdv-
Onke amo 12 £wg 64,8 pnvec. To TOoOOTO
BeAtiwong Tou TPOHOU TPV KAl HETA TO
DBS (oe katdotaon evepyorolnong) Ku-
pavlnke amo 40,54% éwcg 89,47%. Tinv
katdotaon anevepyoroinong tng SLéyep-
ong, Ta mocootd BeAtiwong o oUykpLom
HE TNV APXLKN TLUN KupavBnkav amo 1%
€wg 23,68%, evw SU0 peENETEC aveédpepav
ETILOELVWON TOU TPOUOU OE OXEOT| ME TNV
QPXLKT) KATAOTAOT). ZTLG HENETEC TIOU QVE-
depav averBuunta oupBdvta petd T
Beparneia, Ta MocOoTA AUTA KUPAVONKav
amnod 24,5% éwc 71,42%.

Yupmepdopata: H peAétn pag €6elEe otL
to PSA-DBS amotelel amoTEAEOUATLKY)
evalaktikr) tou VIM-DBS otn Bgpaneia
aoBevwv pe avBeKTLKO 0TN GAPHUAKEUTLKY|
aywyn Slorabn tpopo. Qotdoo, amat-
TouvTal HEYOAUTEPEG KAl KAAUTEPA OXE-
Slaopéveg peléteg yla v emBePaiwon
QAUTWV TWV EUPNUATWV.

NéEerg KAewdLa: Ev tw BdBel eykedpaAkn)
Stéyepon), Llomabng tpopog, ontobia uto-
BaAapkn meploxn), caudal zone incerta,
ETILTIAOKEG, aveTilBupunTa cupBavta.
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INTRODUCTION

Essential tremor (ET) is defined as a bilateral, symmetric
postural or kinetic tremor involving hands, forearms, and
possibly other body parts. [1] It is the most prevalent move-
ment disorder as it is estimated that up to 4% of the adult
population is affected. [2] The management of this hyperki-
netic movement disorder is generally initially pharmacolog-
ic treatment. This is effective in 30-70% of patients with
an average tremor reduction of 50-60%. [3] For medically
refractory cases, deep brain stimulation (DBS) is now the
preferred surgical treatment. Initially, the target of choice
was the thalamic Ventral Inter Mediate nucleus (VIM). Vim
stimulation was introduced in the early 1990s as a replace-
ment of thalamotomies.[4]

In the only randomized trial comparing VIM DBS with
traditional radiofrequency thalamotomy in patients with
tremor, DBS and thalamotomy were equally effective for
the suppression of drug-resistant tremor, but the former
was associated with fewer adverse effects and a greater
improvement in function. [5] The main limitation of DBS is
stimulation induced adverse events such as ataxia, dysar-
thria and paraesthesia which often narrow the therapeutic
window, especially when the disease severity progresses.
[6] Also, it is difficult to assess disease progression in the
"off" condition given the rebound effect of tremor in some
patients, that lead to an immediate worsening of tremor
after stimulation is stopped [7]

However, during the last years, increasing interest has fo-
cused on DBS in the posterior subthalamic area (PSA) and
the caudal Zona incerta (Zi). A positive correlation between
tremor inhibition and stimulation of dentato-rubro-tha-
lamic tract (DRTT) was shown by many imaging studies.
Therefore, the proximity of DRTT fibers in PSA makes it
a good target for DBS. The superior anatomic location of
PSAis thought to contribute to the better results of tremor
suppression [8].

In recent years, the question of which structure is respon-
sible for the tremor-suppressive effect of PSA-DBS on ET
has attracted extensive research attention. ZI has been
suggested as a target to control tremor of various pathol-
ogies including ET [9]. DRTT simulation has been correlated
with tremor inhibition by many studies. According to a re-
cent study, tremor suppression efficacy is directly associ-
ated with the distance of the target to the center of the
DRTT. The authors also suggest that the reported superior
results of PSA DBS versus VIM on ET symptom control can
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be explained by the close proximity of PSA to the DRTT. [9]

The primary goal of the current study is providing an over-
view of the long-term effect of this treatment for patients
with drug resistant ET. This is the first study that focuses
primarily on the long-term outcomes of PSA-DBS for ET
and summarises the latest data.

MATERIAL AND METHODS

The present systematic review was conducted using Pre-
ferred Reporting Items for Systematic Reviews and Me-
ta-analyses (PRISMA) 2020 guidelines

Search strategy

Articles describing the effect of PSA- DBS on ET were se-
lected from three electronic databases (PubMed, Embase,
and the Cochrane Library). We searched all articles relat-
ed to DBS treatment for ET until 2nd of July 2025. A flow
chart of the literature search is shown in Figure 1. The fol-
lowing keywords were used: Deep Brain Stimulation; es-
sential tremor; posterior subthalamic area; caudal zone in-
certa; complications; adverse events. The titles, abstracts,
full texts, and references were independently read and as-
sessed by two investigators (TS and ER).

Risk of bias and applicability assessment

Two independent (ER, TS) authors assessed the risk of bias
in included studies using the Risk of Bias in Non-random-
ized Studies (ROBINS-I) tool for non-randomized studies.
Any disagreements were settled by a third author (GA)

The articles selected were then classified according to an
evidence-based classification proposed by Wright et al.
[10]: I: High-quality randomized controlled trial, Il: Lesser
quality randomized controlled trial; prospective compara-
tive study, lll: Case—control study; retrospective compara-
tive study IV: Case series. Expert opinion.

Inclusion and Exclusion Criteria

The inclusion criteria were as follows: (1) Patients with a
diagnosis of ET according to the consensus statement of
the Movement Disorder Society treated with DBS [11] (2)
essential tremor treated medically without satisfactory
tremor control (3) Age>18 years (4) Studies reporting a
change in any objective tremor rating scale at baseline and
at the last follow up (5) Studies that the DBS target was
the PSA/ZI.

The exclusion criteria were: (1) Conference presentations,
editorials, reviews, non-English studies, and duplicate pub-
lications, (2) follow up of less than 6 months, presence of



another movement disorder apart from essential tremor
for example Parkinson's disease. (3) Failed DBS and need
for re-operation, not providing separate outcomes for Vim
and PSA - ZI. (4) Dual DBS targeting of regions other than
the PSA or ZI.

Data extraction

Our study looked at the following items: (1) baseline char-
acteristics of the patients (age, sex, disease duration), (2)
laterality of DBS (unilateral or bilateral) (3) clinical out-
comes including symptom severity pre and post DBS. Be-
cause we wanted to compare the differences between the
outcomes of PSA and VIM, adverse events related to DBS
surgery were excluded, and only common stimulation-relat-
ed complications (SRCs) (for example dysarthria, dyspha-
gia, ataxia, and gait impairment) were included in the sta-
tistical analysis. The rate of SRCs (SRCR) was calculated
as [(the number of patients who occurred gait ataxia + (the
number of patients who occurred dysphagia) +... + (the

number of patients who occurred one type of SRCs)/the
total number of patients x 100%]. Given the heterogeneity
of the TRS scales, no pooled statistical analysis could be
performed. The effect size was determined by calculating
the percentage improvements in tremor rating scale scores
([(the presurgical score - the postsurgical score)/the pre-
surgical score x 100%].

RESULTS
Literature Search

According to our keywords, our initial search yielded 1268
studies. Five additional studies were identified after man-
ually searching the references of the included studies. Af-
ter excluding duplicates and careful screening, 252 studies
were retrieved for full-text analysis based on the title and
abstract. Finally, thirteen studies which met our inclusion
and exclusion criteria were finally selected for analysis. The
screening process is illustrated in Figure 1.

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only

! Identification of studies via databases and registers

| Figure 1. A flow chart of the
literature search
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Risk of bias and applicability assessment

Risk of bias was assessed using the ROBINS-I tool for all 13
included studies. Overall, every study was judged to be at
serious risk of bias. The domain most frequently contribut-
ing to this judgment was confounding (D1), which was rat-
ed as serious in 10 studies [12,13,15]17-20,22-23], moderate
in 2 [16,21], and low in 1[14]. Classification of interventions
(D2) was generally well addressed, with most studies (n = 8)
judged at low risk [12,14,1517-20,22], three at moderate risk
[21,23,24], and two at serious risk [13,16].

Selection into the study (D3) was rated low in 11 studies [12-
14,17-24], while one was judged serious [16] and one provided
insufficient information [15]. For deviations from intended
interventions (D4), the majority (n = 9) were rated moder-
ate [12,13,17-22,24], three serious [14,16,23], and one low [15].
Missing data (D5) was poorly reported: in seven studies
the risk was not assessable [19-24], while four were judged

serious [13-16], one moderate [17], and one low [18]. Mea-
surement of outcomes (D6) was commonly rated serious (n
=10) [12-14,17-22,24], with only one low [18], one moderate
[17], and one unreported [16]. Selection of reported results
(D7) was predominantly moderate (n = 10) [12,13,17-24],
with two serious [15,16] and one unreported [14].

Taken together, all 13 studies [12-24] were judged overall at
serious risk of bias, primarily due to confounding, unblinded
outcome measurement, and incomplete or selectively re-
ported data.

These results are illustrated in Figure 2.

A detailed summary of the quality of the included studies
with the Wright et al. evidence-based classification system
can be found in Table 1and Table 2.

Table 1. Wright et al. Evidence-Based Classification (2003)

LEVEL

DESCRIPTION

Case-control or retrospective comparative study

1\ Case series
Table 2. Classification of the included studies and main characteristics
Study Target(s) Design Wright Level Rationale
. . Retrospective compares two
Holslag et al., 2018 | VIM vs. PSA Retrospective comparative Level lll DBS targets
Eisinger et al., 2017 | VIM vs. ZI Retrospective comparative Level Il Multl—cgnter, retrospective
comparison
Blomstedt et al., <ZI/PSA Long-term follow-up Level IV Case series with long-term
n.d. results
Sun et al., 2020 PSA Case series Level IV Case series, no control group
Kim et al., 2021 VIM & PSA Retrospective Level lll Compares side eff'ects between
targets retrospectively
Nowacki et al., . Anatomical landmark study, no
2018 PSA Anatomical proposal outcomes
Philipson et al., . Prospective, clinical cognitive
2019 cZl Prospective outcomes
Fytagoridis et al., . Tremor control analysis vs.
2016 cZI Retrospective Level lll stimulation field
Sandvik et al., 2012 | cZI Prospective Prospective QoL evaluation
Astrom et al., 2018 | cZI Simulation/modeling Prefilctlve model, no direct
patient data
Plaha et al., 2011 cZl| Prospective Prospective outcomes and QoL
Degeneffe et a., VIM vs. PSA Retrospective comparative Level Il Comporlsgn between targets,
2018 retrospective
Stenmark Persson . . Comparison between awake ans
ot al. 2024 BcZI Retrospective comparative Level Il asleep DBS retrospective
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Figure 2. Plot of risk of Bias using ROBINS-1 risk score for non-randomised clinical trials
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Characteristics of the Included studies

Atotal of 13 studies was included in the final analysis [12-24].
A total of 394 patients were identified. The detailed report
of the patient's demographics is shown in Table 2. The mean
age of the included patients ranged from 59-65.7 years of
age. The number of the included patient was range from 7
to 86 with the male patient ration range from 23.53 to 85.71.
The mean follow-up time after DBS ranged from 12 to 64.8
months. There were only 7 studies that used bilateral DBS
[14] [15] [18-21][24]. The mean disease duration prior to sur-
gery ranged from 21.4 to 29.2 years. Only one study has eval-
uated awake versus asleep DBS in the PSA, and it report-
ed no significant differences between the two approaches
with respect to stimulation effectiveness or side effects.

12

® Low

@ o information

Qualitative synthesis
Effectiveness of DBS Based on Tremor rating Scales

There was significant heterogeneity in the tremor scales
used to assess response to DBS. Essential Tremor Rating
Scale (ETRS) [27] was the most frequently used [14,15,17-
24]. Therefore, no pooled statistical analysis could be per-
formed. The Washington Heights-Inwood Genetic Study of
Essential Tremor (WHIGET) rating scale [25] was only used
in one study [12] and the Clinical Rating Scale for Tremor
(CRST) [26] in another study [16]. The improvement in trem-
or rates scores was calculated by dividing pre with post
DBS (stimulation on) severity scoresMost of the studies
reported a mean follow-up period of 12 months [14,15,17-
21]. Two studies did not report the mean follow-up period
but instead provided the follow-up range, which was 6-48
months [13] and 11-24 months [24], respectively. The over-
all rate of improvement during the follow-up period ranged
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from 40.54% to 89.47%There were 5 studies [14] [15] [18]
[19]1 [21] that suggested that during the off stimulation set-
ting the improvement rates compared to baseline ranged
from 1-23.68% with three studies reporting worse tremor
rates than baseline.

PSA DBS and effect on Quality of Life

In our study, there were only two studies assessing the ef-
fect of DBS on quality of life. [15] [20] More specifically, Sun
et.al [15] showed that in patients with ET their quality of life
increased by 81.25% after DBS at 1-month follow-up. Sand-
vik et.al assessed the QOF using Quality of Life in Essential
Tremor Questionnaire (QUEST) score which showed sta-

Adverse event

(number)

tistically significant improvements in the psychosocial and
activities of daily living subscores in patients with ET under-
going DBS. Given the different methods of assess effect of
surgery on quality of life, a direct comparison with VIM DBS
would be of limited value.

Adverse Events (AE)

From the 13 studies that have been analysed ,7 studies [13]
[18-23] did not report any adverse events (AE) after DBS
treatment. In the 6 studies that reported complications post
DBS, the AEs rates ranged from 24.5-71.42%. Gait ataxia
and dysarthria were some of the most commonly reported
AEs. A summary of DBS related AEs is reported in Table 4.

Table 4. Outcomes of patients with ET treated with PSA-DBS

Adverse

event rates

Tremor scale

Symptom severity | Symptom severity
prior DBS

Symptom

severity post

post DBS (off) (%)

(%)

DBS (on)

Gait ataxia
(4), dysarthria
Holslag et al (5) , HTN (D 41.37
WHIGET 3.7 NA 2.2 40.54
2018 [12] intracranial
hemorrhage (1),
dysphasia (1)
Eisinger et.al 35-96%
NA NA ETRS 48.8 NA NA
2018 [13] improvement
Stroke (1)
Blomstedt 4411
Dysphasia (8) gait ETRS 51.2 461 17.2 66.4
et.al 2023 [14]
©)
Dysarthria (4)
Sun et.al 2020 71.42
[15] (1) Post op arm ETRS 19 14.5 2 89.47
paralysis
GAIT (13)
Kim et.al 2021 54.54
6] Dysarthria (4) CRST 17.63 NA 5.32 69.82
Paraesthesia (13)
Nowacki et.al Dysarthria (4) 45.45
ETRS 47.2 NA 21.3 54.87
2019 [17] Paraesthesia (1)
Philipson et.al
NA NA ETRS 46.32 53.26 17 63.29
2019 [18]
Fytagoridis
NA NA ETRS 47.6 479 19.3 59.45
et.al 2016 [19]
Sandvik et.al
NA NA ETRS 481 NA 18.8 60.91
2012 [20]
Astrém et.al
NA NA ETRS 49.7 49.2 19.2 61.36
2018 [21]
Plaha et.al
NA NA ETRS 639 NA 16.7 73.86
2011 [22]
Degeneffe
NA NA ETRS 21 NA 10 52.38
et.al 2018 [23]
upper limb ataxia
PP 265 %
(9), habiluation
(awake
Stenmark (7), dysarthria (5),
group 25%
Persson et al. gait disturbance ETRS 511 53.2 211 58.9
and asleep
2024 [24] (M), slight
group
incoordination (1),
24.2%)
paraesthesia (1)
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DISCUSSION

In this systematic review, we demonstrated that PSA DBS
is an effective alternative to VIM DBS in the treatment of
patients with medically refractory ET with a mean follow-up
period ranging from 1 to 5 years and an improvement rate
of up to 89.47%.

Different targets for DBS in ET management

There is still lack of evidence regarding which DBS target
is superior for the treatment of ET. A direct comparison
between the PSA and VIM is challenging. The is due to a
number of factors including different scales used to assess
tremor improvement, combination of bilateral and unilat-
eral targets and also the close proximity of the two targets
[28] In a recent meta-analysis by Fan et.al [29] PSA-DBS for
ET was found to be more effective and associated with less
adverse reactions for than VIM-DBS in 12-24 months, with
both PSA-DBS and VIM-DBS being effective in suppress-
ing tremor symptoms. To date, there is only two random-
ized controlled trial that has compared outcomes between
targeting VIM and PSA in patients with ET, suggesting the
latter to be potentially more efficient [30,31]. Sun et al. re-
ported that PSA and VIM can be equal effective, and PSA-
DBS can have a more effective anti-tremor effect in head
tremor [31].

Another important consideration is the preoperative visu-
alisation of the surgical target. VIM has been challenging
to visualise with conventional MRIs and surgical planning is
therefore based on atlas-defined co-ordinates. PSA on the
other hand is much easier to locate with conventional imag-
ing and therefore the therapeutic effect is less affected by
incorrect target positioning [32].

In recent years, given their anatomical location, there are
studies looking at the possibility to align these two targets
with one trajectory. In a small sample of 6 patients, Hou
et.al [32] investigated the efficacy of Vim-PSA double-tar-
get DBS for ET. Interestingly, when it comes to controlling
tremor symptoms, the authors found that the efficacy of
double-target stimulation is similar to that of single-target
stimulation (Vim or PSA). A possible advantage of double
target DBS could be that the chances of missing the opti-
mal target would be diminished and therefore the poten-
tial need for re-operation would decrease. Shepherd et al
[33] found that bilateral ViM-cZI DBS treatment had a fa-
vourable effect on overall tremor score sustained over the
5-years in ET group of patients.

In a recent randomised control trial, clinical benefit hap-
pened at a significantly lower stimulation intensity under
PSA DBS versus VIM DBS, with the latter providing greater
improvement in head tremor and disease-specific quality of
life [34].

Long term effects of PSA-DBS

The main drawback of VIM is that despite good patient se-
lection and significant initial tremor suppression achieved,
around 40-70% of patients will show worsening tremor
over time [35]. Differentiating between disease progres-
sion of ET from habituation remains a challenge. Eisinger
et.al reported a potential long-term advantage for applying
stimulation to the VIM region due to a gradual worsening in
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tremor scores over time in patients stimulated chronically in
the cZl region [14].

Little is known however regarding the long-term effects of
PSA-DBS in patients with ET as most of the studies limit
their follow up period to a maximum of 4 years. Blomstedt
et.al [14] studies the long-term effect of DBS for ET when
targeting PSA and showed no progress of disease at 10
years of follow up. Notably, a significant improvement was
maintained on ETRS scores at 10 years follow up (66.4% im-
provement at 1year vs 50.8% at 10 years) [14].

Imaging for PSA-DBS treatment

Another important factor when planning PSA-DBS treat-
ment for ET is the ability to reliable visualise the ZI, given
that the success of the intervention is indispensably depen-
dent on the reliable visualisation of the ZI. Pre-stereotactic
1.5 Tesla (T) magnetic resonance imaging (MRI) alone has
limitations [36]. Kerl et.al found that the ZI was optimally vi-
sualised on T2*-FLASH2D and SWIimaging in coronal orien-
tation, with only the rostral part being reliably visualised [37].

Unilateral vs Bilateral Surgery

With regards in bilateral DBS, in our results it was only as-
sessed in 6 studies that included a total of 30/308 patients
[14-15] [18-21]. Bilateral VIM-DBS had been reported to be
more effective in tremor control than unilateral VIM-DBS
but also has been associated with higher rates of adverse
events including dysarthria and gait ataxia [38] [39]. Sun
et.al [15] assessed the clinical outcomes of a series of pa-
tients with medically refractory ET who underwent bilateral
PSA-DBS. The results showed that bilateral PSA-DBS was
associated with a significant improvement in patients’ mo-
tor symptoms, particularly upper limb tremor and quality of
life. There is also data that suggests that stimulation effect
weaned over time in both groups, with the difference being
more pronounced in bilateral patients [15].

Simulation-induced side effects of PSA DBS

Like any surgical treatment, DBS can cause post operative
complications. Serious adverse event rates for DBS are rel-
atively rare and can include intracranial haemorrhage and
soft tissue infections [40]. The vast majority are stimula-
tion-related and thus can usually be improved or resolved
with adjustments in stimulation parameters but this could
potentially result in less tremor control benefit [41]. Dys-
arthria and gait ataxia have been reported as two of the
most common AEs in DBS, something which is confirmed
in our study. According to literature, the pooled percentag-
es of complication rates after PSA-DBS were significantly
lower than that after VIM-DBS [30]. In our study, the AEs
rates were reported only in 5 studies and ranged from
41.37-71.42%. Gait changes can be either acute or a delayed
side effect of the treatment. Worsening of pre-existing or
new-onset gait impairments after thalamic DBS affects
has been reported between 5-50% of patients with ET [42].

Awake versus Asleep

In our review, we included only one study that compared
awake and asleep DBS cZi, involving both unilateral and bi-
lateral electrode implantations[24]. This study reported no
significant differences between the groups in terms of effi-
cacy or side effects. However, the awake group required low-
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er stimulation parameters and had a shorter operation time
compared to the asleep group. On the other hand, during
the off-stimulation period, the awake group had worse
ETRS scores than the asleep group, but after stimulation,
the scores were similar. Regarding unilateral versus bilateral
stimulation, no significant differences in improvement were
observed between the two groups. This study suggests that
both asleep and awake DBS in cZi can be safe and effective
for patients with essential tremor [24].

Limitations

Our study has several limitations. First of all, we included
DBS outcomes on medium- to long-term follow-up as there
were very few studies that had reported data beyond sever-
al years, with only one study extending up to 10 years. Sam-
ple sizes were generally small, with only one study including
86 patients, while most ranged from 7 to 55. With regard to
adverse events (AEs), some may occur shortly after treat-
ment but improve later during the postoperative period and
therefore not be evident at the time of the last follow-up.
Others may have been alleviated or disappeared after ad-
justment of stimulation parameters and consequently not
reported. It is also important to note that there was het-
erogeneity in the outcome scales used to assess tremor: al-
though the majority of studies employed the ETRS, some
used WHIGET or CRST, which may limit comparability. In
terms of methodological quality, all included studies were
judged to be at serious risk of bias according to the ROB-
INS-I tool, mainly due to confounding, unblinded outcome
assessment, missing data, and selective reporting. Further-
more, one of the included studies was a small case series
[15] , for which ROBINS-I may not be the most appropriate
instrument for risk-of-bias assessment, thereby adding fur-
ther uncertainty.

CONCLUSION

Our study demonstrated that PSA DBS is an effective alter-
native treatment option for the management of patients
with medically refractory ET. This is the first study that
summarises the data regarding the tremor control post
DBS in the offsetting. More studies are needed that assess
the QOL post DBS treatment. Future randomised control
trials are needed to provide more evidence on the outcomes
of PSA DBS in the treatment of ET.
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ABSTRACT

Purpose: Frame-based stereotaxy re-
mains the gold standard for diagnostic
brain biopsies. Over the past three dec-
ades, robotic stereotaxy has emerged
alongside frameless techniques as an
approach positioned between conven-
tional neuronavigation and frame-based
procedures. This systematic review and
meta-analysis aimed to directly compare
frame-based and robotic stereotactic
brain biopsies (SBB).

Methods: A comprehensive search of
the Medline and Scopus databases
was conducted up to March 12, 2025.
Studies directly comparing robotic and
frame-based SBB within the same pa-
tient cohorts were included. Risk of bias
was assessed using the QUADAS-2 tool.
Pooled analyses were performed using
random-effects models to estimate odds
ratios (OR), risk ratios (RR), and mean
differences (MD) with 95% confidence
intervals (Cl).

Results: Four retrospective studies, in-
cluding 656 patients met the inclusion
criteria. Risk of bias varied, with high risk
related to patient selection in two stud-
ies and unclear risk regarding the refer-
ence standard in one study. Diagnostic
yield was high and comparable between
robotic and frame-based groups (pooled
OR 1.86, p = 0.28; pooled RR 1.03, p =

0.33). Procedure times showed substan-
tial heterogeneity. Complication rates
were low and similar between groups
(OR 0.86). Differences in targeting
metrics were reported in one study, and
they are not associated with significant
differences in diagnostic yield or safety
outcomes.

Conclusion: Robotic-assisted stereotac-
tic brain biopsy can be an alternative to
frame-based biopsy. However, current
evidence does not demonstrate superi-
ority over frame-based stereotaxy, which
remains the reference standard. Further
prospective, multicenter studies are re-
quired to validate these findings.

Keywords: Stereotactic Brain Biopsies,
Robotic, Frame-based, Diagnostic accu-
racy, Complications, Neurosurgery

MNEPINHWH

Tkomog: H otepeotafia pe mAaiolo ma-
PapEVeL TO TLO akpLBEg yla Anum Blo-
Ylag. Kata tig teheutaleg tpelg Sekae-
TLEC, OL OTEPEOTAKTLKEG TEXVLKEG XWPLG
TAalolo eEeAixBnkav onuavTika, v n
pourotikd utofonBoluevn oTepeoTa-
Ela avamtuxBnke emiong. XKomog TNG
TIAPOUCAG CUOCTNMATLKNG AVAOKOTINONG
KaL PeTa-avaAuong elval ) oUyKpLom g
OTEPEOTAKTLKYG Blodiag pe TAAloLo Kal
NG pouTmoTtika utofonBoluevng otepe-
OTAKTLKYC Bloylag.

MéBodoL: MpayuatomomnBnke avadlntn-

on ot Baoelg dedopévwv Medline kau
Scopus €wg Tig 12 Maptiou 2025. Xu-
UTIEPLANGONKAY HEAETEC TIOU GUVEKPLVAV
POWTIOTLKY) Kal otepeotaia pe mhaiolo.
O kivbuvog pepoAnwiag a&oloynBnke
e to gpyaieio QUADAS-2. Ou avaluoeLg
TipaypatonomBnkay pe povtéla tuxatwy
ETILOPACEWY YLA TOV UTIOAOYLOMO AdywvV
mBavotrtwv (OR) kat Adywv KwdUvou
(RR) pe 95% Slaotrjpata epmiotoolvng
(cn.

AmnoteAéopata: TEooeplg QAVASPOWLKEG
HEAETEG, OUVOALKOU aplBuol 656 acBbe-
vy, TIAnpoloav ta KpLtnpla évtaéng. O
Kivbuvog pepoAnuitac Stépepe petalu twv
peAetwy. H Stayvwotikny anddoon nav
UPUNAN Kat ouykplowun petal twv Suo
TEXVLKWY, XWPLG OTATLOTLKWG ONUAVTLKN
Stagpopd (cuvbuaotikd OR 1,86, p = 0,28-
RR 1,03, p = 0,33). Ot xpovoL emepBaong
mapouclacav OMUAVTLKY) E€TEPOVEVELA.
Ta TT0C0OTA ETILITAOKWV 1)TAV XAUNAAG KAl
mapopoLa HeTatl twv opdadwv (OR 0,86).
Atagopeg oe Selkteg 0TOXEUONG AvadEP-
Bnke og pLa HeAETN, Xwplg emibpaon otn
Stayvwotikn armodoon 1) Tnv achaAeLa.
Yupnepaopata: H poprmotkd utofon-
Boupevn otepeotakTikn BloYia amotelel
LA EVAANGKTLKY) TEXVLKY| TNG OTEPEOTAEL-
ag pe mAatoto. Qotdoo, Tta Stabéoipa Se-
Sopéva Sev TEKUNPLWVOUV 0adY) KALVLKY)
uTtEPOXT). ATtalTouvTal TEPALTEPW TIPO-
OTITLKEC, TIOAUKEVTPLKEG MEAETEG yLa TNV
emBePalwon Twv eupnuatwy.
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INTRODUCTION

Stereotactic brain biopsy (SBB) remains acornerstoneinthe
diagnosis of intracranial lesions, particularly for deep-seat-
ed, inoperable, or radiologically indeterminate tumors [1].
Among the available techniques, frame-based stereotactic
biopsy remains the gold standard, underpinned by more
than six decades of methodological refinement demon-
strating high precision, particularly in phantom-based
targeting accuracy studies, consistent reproducibility, and
widespread clinical applicability. Frame-based stereotaxy
entails specific procedural requirements, including rigid cra-
nial fixation by stereotactic frame placement [2].

In recent years, robotic-assisted systems have been in-
troduced as an alternative approach to frame-based
stereotaxy, incorporating mechanically guided trajectory
execution based on preoperative imaging data. However,
targeting accuracy remains primarily determined by imag-
ing quality and registration methodology rather than by the
guidance platform itself. Robotic systems may influence
procedural workflow depending on institutional practice,
but they do not inherently reduce operator dependency or
expand anatomical access beyond that achievable with
frame-based stereotaxy. Despite increasing availability of
robotic platforms, the comparative efficacy and safety of
robotic-assisted versus frame-based stereotactic brain bi-
opsy remain subjects of ongoing debate [3].

To date, no large-scale consensus exists regarding wheth-
er robotic assistance confers a clinically meaningful ad-
vantage over frame-based stereotactic biopsy. Previous
systematic reviews and meta-analyses have primarily
evaluated robotic-assisted stereotactic brain biopsy as a
standalone modality or compared frame-based with fra-
meless techniques, rather than providing direct head-to-
head comparisons with frame-based stereotaxy [4-6].
These studies consistently report high diagnostic yield and
low complication rates for robotic-assisted biopsy but are
limited by non-randomized designs, heterogeneous accura-
cy metrics, and the absence of comparative outcome data
demonstrating superiority over frame-based techniques
[4-5]. Consequently, existing literature does not establish
clear clinical superiority of robotic-assisted stereotactic
brain biopsy over frame-based methods, underscoring the
need for direct comparative analyses [4-6]. To address this
gap, we conducted a systematic review and meta-analysis
restricted to studies that directly compared robotic-assist-
ed and frame-based SBB within the same clinical cohorts.
Our objective was to evaluate and synthesize current evi-
dence regarding diagnostic yield, procedure time, complica-
tion rates, and targeting accuracy, thereby offering a clear-
er understanding of the relative strengths and limitations
of each technique.

MATERIALS AND METHODS

The present systematic review was conducted using Pre-
ferred Reporting Items for Systematic Reviews and Me-
ta-analyses (PRISMA) 2020 guidelines [7].

Search Strategy

We conducted a systematic search to identify relevant stud-
ies comparing robotic and frame-based SBB techniques.
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The databases MEDLINE and Scopus were searched using
the following query, which was designed and approved by all
authors: [(frame-based OR frame OR manual arm-based)
AND (robot OR robotic OR robotic device) AND (biopsy OR
biopsies) AND (stereotactic OR stereotaxic) AND (brain
OR cerebral OR cerebellar OR brainstem)]. The final search
across all databases was conducted on March 12, 2025.

Selection Process

Two independent investigators (ER and PB) screened all
retrieved studies by title and abstract. Any disagreements
during this stage were resolved by a third reviewer (JK). In
our study, we exclusively included studies that directly com-
pared robotic-assisted SBB with frame-based SBB. We
did not include available studies involving robotic or frame-
based SBB individually. This selective inclusion criterion
was applied to ensure that our analysis focused on head-
to-head comparisons between the two techniques, there-
by providing a more accurate assessment of their relative
efficacy and safety.

Inclusion and exclusion criteria

Studies were included if they 1) involved patients undergo-
ing SBB, 2) provided a direct comparison between robotic
and frame-based approaches within the same manuscript,
3) evaluated clinical, procedural, accuracy, or diagnostic
outcomes, and 4) were original research articles such as
randomized clinical trials, case series, or cohort studies. Full
texts of potentially eligible studies were reviewed using the
same inclusion strategy prior to final inclusion in the analy-
sis.

Studies were excluded if they 1) included fewer than ten
patients undergoing SBB, 2) were published in a language
other than English, 3) lacked the ability to assess diagnostic
accuracy (including case reports, reviews, editorials, con-
ference abstracts, and animal or cadaveric studies), or 4)
did not report outcomes for both robotic and frame-based
techniques within the same cohort.

Risk of Bias and Applicability Assessment

Two authors independently evaluated the risk of bias and
applicability of each included study using the Quality As-
sessment of Diagnostic Accuracy Studies 2 (QUADAS-2)
tool. A standardized quality assessment template was used
throughout the process. Any disagreements were resolved
through consensus among the reviewers [8,9].

Data Extraction

A standardized data extraction table, pre-approved by all
authors, was developed to ensure consistent and compre-
hensive data collection. Two authors (ER and PB) inde-
pendently completed the table for each included study. The
table included the following fields: eligibility (yes/no), first
author, year of publication, study design (prospective or ret-
rospective), title, type of study, study population, number
of patients, number of patients in the robot-assisted group,
number of patients in the frame-based group, mean age,
sex distribution, targeting accuracy, sensitivity, specificity,
area under the curve (AUC), total number of SBB, number
of diagnostic SBBs, diagnostic yield (in percentage), report-
ed complications, additional comments, authors, journal
name, and study DOI.
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Statistical Analysis

Meta-analysis was performed using Review Manager
(RevMan) and SPSS. For binary outcomes (e.g., diagnostic
yield, complications), pooled odds ratios (OR) or risk ratios
(RR) were calculated with 95% confidence intervals (Cl).
For continuous outcomes (e.g., operative time), mean dif-
ferences (MD) were used.

A random-effects model was employed for all analyses
to account for between-study variability. Heterogene-
ity was assessed using the I? statistic, with thresholds of
25%, 50%, and 75% representing low, moderate, and high
heterogeneity, respectively. The Chi? test was also used to
evaluate statistical significance of heterogeneity, with p <
0.05 indicating significance. The Z-test was used to assess
overall effect estimates, and statistical significance was
defined as p < 0.05. All statistical analyses were performed
using Review Manager (RevMan) version 5.4.

Subgroup and Sensitivity Analyses

Subgroup analysis was performed for each outcome sepa-
rately: diagnostic yield, operative time, and complications.

Sensitivity analysis was considered by excluding studies
with high risk of bias or outliers where applicable..

RESULTS

Following the systematic search, 43 records were identified
through the MEDLINE/PubMed database and 12 through
the SCOPUS database, yielding a total of 55 records. No
duplicates were found. All 55 records were screened by title
and abstract, resulting in the exclusion of 19 studies that
did not meet the inclusion criteria. The remaining 36 studies
were retrieved in full text and assessed for eligibility.

Of these, two studies were excluded due to the absence
of a direct comparison between robotic and frame-based
techniques. Nineteen studies were excluded because they
evaluated only robotic SBB, while four focused solely on
frame-based SBB. Two additional studies were excluded as
they contained only technical notes without outcome data.
Finally, two studies were excluded for being reviews or me-
ta-analyses rather than original research.

As a result, four studies [10-13] met all inclusion criteria and
were included in the systematic review, comprising a total
of 656 patients. The search results and study selection pro-
cess are illustrated in the PRISMA 2020 flow diagram for
systematic reviews involving database, register, and other
source searches [7], as shown in Figure 1.

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only

l Identification of studies via databases and registers

Source: Page MJ, et al. BMJ 2021;372; n71. doi: 10.1136/bmj.n71.
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Risk of Bias and Applicability Assessment

The four included studies were assessed for risk of bias
across four domains using the QUADAS-2 tool, across four
domains: patient selection, index test, reference standard,
and flow and timing. Within the patient selection domain,
two studies [12,13] were judged to have a high risk of bias,
while the other two [10,11] showed a low risk. None of the
studies exhibited a high risk of bias in the index test domain
[10-13]. In the reference standard domain, three studies
were found to have a low risk of bias [10, 11, 13], whereas
one study demonstrated an unclear risk [12]. Regarding the
flow and timing domain, one study [12] was rated as having
a high risk of bias, while the remaining three studies showed

a low risk [10, 11, 13].

Applicability concerns were also evaluated using the QUA-
DAS-2 tool across three domains. In the patient domain,
two studies had low concerns [10, 11], while two had high
concerns [12, 13]. All four studies were judged to have low
applicability concerns in both the patient selection and in-
dex test domains. In the reference standard domain, one
study [12] showed unclear applicability concerns, whereas
the other three studies [10, 11, 13] presented low concerns.

Avisual summary of the risk of bias and applicability assess-
ments for each study is presented in Figure 2.

Figure 2. Summary of the risk of bias and applicability assessments for each study

A
PATIENT | INDEX | REFERENCE | FLOW
STUDY SELECTION TEST STANDARD AND
TIMING
Li et al. Low Low Low Low
Hu &t al. Low Low Low Low
Spyrantis et al. High Low Unclear High
Wu et al. High Low Low Llow |
STUDY PATIENT INDEX REFERENCE
SELECTION | TEST STANDARD
Li et al. Low  Low Low
Hu et al. Law Low Low
Spyrantis et al, High Low Unglear
Wu etal. I-ﬁgh Low Low

Characteristics of the Included Studies

This systematic review and meta-analysis included four
retrospective studies published between 2021 and 2023,
comprising a total of 656 patients undergoing SBB. Two
studies enrolled mixed pediatric and adult populations
[10,11], with children constituting up to 54.5% of the sample
in one study [10]. The total sample size ranged from 33 to
406 patients per study. The robotic-assisted biopsy groups
included 22 to 148 patients, while the frame-based groups
had 11 to 258 patients. Mean patient age varied substan-
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tially among studies, reflecting differences in population
focus: robotic groups ranged from 17.3 + 18.7 years to 62
years, while frame-based groups ranged from 32.8 + 171 to
60 years. The sex distribution was generally balanced, with
male-to-female ratios roughly similar between groups. The
robotic systems assessed were Remebot [10,13], Sino [11],
and ROSA [12]. Frame-based stereotactic biopsies, consid-
ered the standard approach, served as comparators in all
studies.

The characteristics of the studies are summarized in Table 1.
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Table 1. Characteristics and results of the included studies.

Frame-
Author Study . Sample . Age
RObOtIc Group Based (Mean = SD) o (M/W)
Group
. Children and ROB: 17.3 + 18.7 ROB: M7/W15
Lietal Retro- adults 33 22 (Remebot) ‘I‘I
H 0O,
(2023) spective (54';:") <16 FRAME: 32.8 + 17.1 FRAME: M7/W4
. SINO: 45.3 +19.2 SINO: M62/ W42
Hu et al. Retro- Children and 151 104 (Sino) 47
(2022) spective adults FRAME: 49.2 + 15.8 FRAME: M28/W19
Spyrantis Retro- 406 148 (ROSA, 258 (266 ROSA: 62 yrs (24-88) ROSA: M87/Wé61
et al. spective Adults (416 150 biopsies) biopsies)
(2021) P biopsies) P P FRAME: 60 yrs (18-88) | FRAME: M157/W101
ROB: 46 +13 ROB: M18/W13
V\é;gzt@" SREEE’\;‘? Adults 66 31 (Remebot) 35
P FRAME: 45 + 16 FRAME: M21/W14

Qualitative Synthesis

Across the four included studies, robotic-assisted SBB
demonstrated comparable diagnostic yield and safety pro-
files to conventional frame-based techniques. Diagnostic
yield was consistently reported in all studies, with the ro-
botic biopsy groups achieving yields ranging from 91.5% to
98%, while the frame-based groups demonstrated yields
between 91% and 95.9%. In three of the four studies, the
differences in diagnostic yield between the two modalities
were not statistically significant [10,11,13]. However, Spy-
rantis et al. reported a significantly higher diagnostic yield
in the robotic group compared to the frame-based group
(98% vs. 91%, p = 0.0036) [12]. This isolated finding was
not reproduced in other studies and therefore does not
provide sufficient evidence to support a consistent clinical
advantage of robotic assistance.

Only one included study reported quantitative metrics of
procedural accuracy [11]. However, no corresponding dif-
ferences were observed in diagnostic yield or complication
rates between techniques. Similarly, Wu et al. reported
that patients undergoing robotic biopsies experienced low-
er levels of procedural discomfort, as measured by visual
analog scale (VAS) scores, indicating lower reported pa-
tient discomfort tolerance [13].

Procedure duration varied across the studies. Wu et al.
observed significantly shorter procedure times with ro-
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botic-assisted biopsies, whereas both Hu et al. and Spyra-
ntis et al. found that robotic procedures took longer than
frame-based biopsies. In contrast, Li et al. reported no sig-
nificant difference in operative time between the two ap-
proaches [10]. These discrepancies likely reflect differences
in the type of robotic platform used, operator familiarity
with robotic systems, and institutional protocols.

Patient comfort appeared to be improved with robotic
techniques in the study by Wu et al., where subjects re-
ported less discomfort during the procedure [13]. However,
findings regarding procedural efficiency remained inconsis-
tent. The substantial variability in reported durations and
patient experiences may be attributed to heterogeneous
factors, including robotic system design, technical work-
flow, and surgical team experience.

Notably, the study by Spyrantis et al. was the only investi-
gation to demonstrate a statistically significant improve-
ment in diagnostic yield favoring robotic SBB [12]. This
isolated finding raises the hypothesis that robotic systems
could influence targeting precision; however, this was not
supported by consistent improvements in diagnostic yield
or safety and therefore remains speculative. Furthermore,
this finding was not consistently reproduced across the in-
cluded studies and requires confirmation in well-designed
prospective investigations.

The outcomes of the studies are summarized in Table 2.
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Table 2. Comparative Outcomes of Robotic and Frame-Based Stereotactic Brain Biopsy Technique

Procedure
. . time Visual Analog . Accuracy /Technical .
Diagnostic Yield (Mean + SD Scale (VAS) Complications Findings Key Conclusions
minutes)
ROB: 21/22 ROB: 4414
0,

. (95.9%) 14 L No significant
Liet al. Not reported No significant Not reported differences in yield or
(2023) FRAME: 10/11 | FRAME: 45.35 P difference P e tiéns

(95.9%) +2.67 P
p>09
Entry error: FRAME:
1.33 + 0.40 mm,
SINO: 45/47 Not reported ROBOT: 0.92 + 0.27
(98.1%) SINO:591+ 9 P mm o .
(comfort/ L Robotic biopsy is more
Hu et al. discomfort is No significant accurate; no increase
(2022) FRAME: 102/104 | FRAME:49.4 di difference Target error: FRAME: X L
N iscussed but in complications
(95.7%) +121 not measured) 1.63 £ 0.41 mm,
p > 0.05 ROBOT: 110 + 0.30
mm
(p < 0.001)
ROSS;;Z/‘ISO ROSA: 140 + Operating time
. ° 32.6 I similar (100-113 min) Robotic method
Spyrantis et Not reported No significant offers higher yield and
al. (2021} FRAM(EiI;l;NZéé FRAME: 113 difference ROSA is slightly faster | shorter overall time
(] . .
p = 0.0036 +30.7 with local anesthesia
ROB: 29/31 ROB: 29.25
(93.5%) ROM: 1.5 . . .
+ 1.4 - Patients reported Robotic approach is
Wu et al. No significant lower discomfort with | better tolerated b
(2021 FRAME: 32/35 FRAME: 2.7 difference . . Y
o FRAME: 45.45 robotics patients
(91.5%) (p < 0.007)
+2.67
p =075

Technical Registration and Accuracy Metrics

Registration and technical accuracy-related metrics were
inconsistently reported across studies (Table 3).

Only one study [11] provided quantitative measures of ste-
reotactic accuracy, reporting both EPE and TPE. In that
study, significantly lower target entry point error (TPE) and
entry point error (EPE) were observed in the robotic group
compared with the frame-based group [TPE : 110 + 0.30
(0.69-2.03) mm vs 1.63 + 0.41 mm (0.74-2.65), P < 0.001
and EPE: 0.92 + 0.27 mm (0.35-1.65) vs 1.33 + 0.40 mm
(0.47-2.30) vs. P < 0.001][11].

The remaining studies did not report quantitative target-
ing accuracy metrics. Instead, they provided technical pa-
rameters related to registration and instrumentation, in-
cluding registration modality (e.g., surface matching, skin
markers, bone fiducials, or frame-based CT registration),
CT slice thickness, burr hole diameter, and needle dimen-
sions. Registration methods varied between robotic and
frame-based approaches, with robotic systems relying on
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CT and surface matching, skin markers, or bone fiducials,
whereas frame-based systems used CT or MRI with frame-
based coordinates.

Trajectory length was reported in one study [10], with
shorter mean trajectories in the robotic group compared
with the frame-based group (71.3 mm vs. 91.1 mm). How-
ever, no study systematically evaluated the impact of these
technical differences on clinical outcomes.

For frame-based SBB, all included studies utilized the Lek-
sell Frame G stereotactic frame (Elekta Inc., Stockholm,
Sweden) [10-12]. In robotic-based SBB, head fixation was
achieved using a Mayfield clamp (Integra Neurosciences
Inc., Plainsboro, NJ, USA) [10-13]. Hu et al. employed five
bone fiducials placed on the patient's head in combination
with a Mayfield head holder connected to the robotic sys-
tem [11].

In three studies, the same surgeon performed both proce-
dures [10,11,13].
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Table 3. Technical registration and accuracy-related metrics in included studies

S Technique Head Fixation Registration Method Accurqcy. e Other Technical Metrics
(Year) ( Mean in mm)

Spyrantis ROSA rgbot—gmded Mayfield skull clamp Facial laser scan (surface Not reported Burr hole 21 mm; CT
et al. biopsy matching) slice 1.25 mm
2021 i
¢ ) Frame-based biopsy Leksell frd:;ke)ll;lxed to OR CT with frame (1.25 mm) Not reported Burr hole ~10 mm
Wou et al. Remebot r.obot—055|sted Mayfield clamp CT with skin markers Not reported Burr hole 10 mm; needle
2027 biopsy 2.5mm
Frame-based biopsy Leksell Frame G MRI plcmnl.ng + frame Not reported Burr hole 10 mm; needle
coordinates 2.5 mm
SINO robot-assisted . . . EPE 0.92 mm Drill 3.0 mm; nails 4x5
Hu et al. biopsy Mayfield head holder Bone fiducials + CT TPE 110 mm mm: CT 1 mm
(2022) EPE 1.33
. . .33 mm .
Frame-based biopsy Leksell frame CT with frame (1 mm) TPE 1.63 mm Drill 3.0 mm
. Remebot frameless Mavyfield clam Laser-based surface Trajectory length CT slice 0.625 mm;
Iz'zgtzg; brainstem biopsy Y P registration 71.3 mm needle 2.5 mm
Frcme—bc;ed brainstem Leksell Frame G MRI + frame coordinates Trajectory length | Burr hole 10 mm; needle
biopsy 911 mm 2.5 mm

EPE: Entry Point Error, TPE: Target Point Error, Or: Operation Room, CT: Computer Tomography, MRI: Magnetic Resonance Imaging

Meta-analysis
Diagnostic Yield

The meta-analysis for diagnostic yield incorporated data
from all four included studies, encompassing a total of 656
patients. Across the four comparative studies, diagnostic
tissue was obtained in 242 of 250 robotic-assisted biopsies
and 386 of 416 frame-based biopsies. The pooled OR for

obtaining a diagnostic result using robotic-assisted SBB,
compared to frame-based biopsy, was 1.86 with a 95% Cl
of 0.60 to 5.75. Although the point estimate numerically
favored robotic-assisted biopsy, this difference was not
statistically significant. (p = 0.28). Moderate heterogene-
ity was observed among the studies (12 = 33%, Chi? = 4.50,
p = 0.21), indicating acceptable variability and allowing for
meaningful synthesis of results (Figure 3).

Figure 3. Forest plot of the diagnostic Yield with Odds Ratio

Robotic ~ Frame-based Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 35% Cl
Spyrantis 2021 147 150 242 486[1.44 1642) 2021 ——
Wu 2021 2 3 n 1.36[0.21,8.72) 2021 -—
Hu 2022 5 4 10 0.44(0.06, 3.23] 2022 ®
Li 2023 202 10 1 128% 210[0.12,37.12) 2023 "
Total (95% CI) 250 416 100.0%  1.86[0.60, 5.75] <
Total events 242 386
Heterogeneity: Tau? = 0.45; Chi*= 4,50, df=3 (P =0.21); = 33% ' '

Test for overall effect. Z=1.07 (P =0.28)

A pooled RR was also computed to further assess the rel-
ative performance of the two techniques. The RR was 1.03
(95% CI: 0.97 to 1.10), suggesting that robotic biopsies
were marginally more likely—by approximately 3%—to yield
a diagnostic result compared to frame-based approaches.
However, this difference was also not statistically signifi-
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001 0 1 0 100
Higher with Robotic  Higher with Frane-tasec

cant (Z = 0.98, p = 0.33), and the Cl crossed the null value
of 1.0. Moderate heterogeneity was again noted (12 = 50%,
Chiz = 6.02, p = 0.11), reflecting some degree of method-
ological and clinical diversity across the included studies
(Figure 4).
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Figure 4. Forest plot of the diagnostic yield with Risk Ratio

Robotic ~ Framed-based Risk Ratio Risk Ratio

Study or Subgroup _ Events Total Events  Total Weight M-H,Random, 35%Cl Year M-H, Randon, 95% C
Spyrantis 2021 147 150 242 266 432%  1.08[1.03,1.13 2021
Wu 2021 2 3 2 B 150%  1.02(0891.17) 2021
Hu 2022 45 47 102 104 3%  098[0.91,1.04] 2022
Li 2023 A 2 10 N 7T 1.05[085129 2023
Total (35% CI) 250 416 100.0%  1.03[0.97,1.10]
Total events 42 386

ity: Tau?= 0.00: Chi2=6.02. df =3P = 0.41): R = | : | | |
Heterogeneity. Tau? = 0.00; Chi* = 6.02, df =3 (P = 0.11), F= 50% 001 0 ! 0 m

Test for overall effect 2= 0.98 (P = 0.33)

Procedure Time

All four studies provided data on procedure duration, but
results were highly inconsistent. Due to high heterogene-
ity between the four studies no meta-analysis of duration
time has been conducted.

Complications

Complications occurred in 16 of 303 robotic-assisted bi-
opsies (5.3%) and 18 of 349 frame-based biopsies (5.2%).

Higher with Robotic Higher with Framed

Pooled analysis using a random-effects Mantel-Haenszel
model demonstrated no statistically significant difference
between groups (OR 0.68, 95% Cl 0.32-1.42; p = 0.30). Sta-
tistical heterogeneity was negligible (12 = 0%, Chi? = 0.34, p
= 0.95 (Figure 5). While heterogeneity was low, this likely
reflects uniformly low event rates and limited statistical
power. Therefore, the absence of a statistically significant
difference should not be interpreted as evidence of equiva-
lence between techniques.

Figure 5. Forest plot of complications

Robotic  Framed-based Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random,93%Cl Year M-H, Random, 95% Cl
Spyrantis 2021 3 148 8 258 306%  065[0.17,248) 2021 m—r—
W 2021 9 104 5 47 415%  080[0.25252) 2021 —ii—
Hu 2022 2 H 3% 160%  074[0.11,472) 2022 "
Li 2023 2 XN 2 9 120% 039005332 2023 v
Total (95% CI) 303 349 1000%  0.68[0.32,142) o
Total events 16 18

i = . = = = - i I t 1 {
Heterogeneity: Tau? = 0.00; Chi* = 0.34, df=13 (P=0.95); = 0% 001 01 1 0 0

Test for overall effect: £=1.03 (P = 0.30)

DISCUSSION

This systematic review and meta-analysis synthesize
available evidence comparing robotic-assisted and frame-
based stereotactic brain biopsy based on four retrospec-
tive studies involving a total of 656 patients. The results
demonstrate low complication rates and similar diagnostic
yields in both groups; however, the limited number of stud-
ies, retrospective design, and low event rates substantially
restrict the strength of comparative conclusions.

No statistically significant differences were identified in
complication rates or diagnostic yield between robot-
ic-assisted and frame-based techniques. Claims regarding
improved targeting accuracy, patient comfort, or proce-
dural efficiency with robotic-assisted biopsy could not be
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substantiated, as these outcomes were not consistently
measured or reported across the included studies. More-
over, differences in fixation methodology, rigid stereotactic
frames versus Mayfield head clamp-based immobilization,
were not evaluated in terms of mechanical stability or tar-
geting precision.

Procedure duration did not demonstrate consistent or sta-
tistically significant differences between techniques. Given
the long-standing clinical use and validated accuracy of
frame-based stereotactic biopsy, which remains a refer-
ence standard in many centers, the available data do not
support claims of superiority or equivalence of robotic-as-
sisted approaches.

25



Notably, only one included study employed bone fiducials
for registration in robotic-based SBB [11]. This heterogene-
ity in registration methodology limits comparability of tar-
geting accuracy and technical performance metrics across
studies.

Diagnostic Yield

Allincluded studies reported high diagnostic yields for both
techniques, with successful tissue diagnosis achieved in
96.8% (242/250) of robotic-assisted biopsies and 92.8%
(386/416) of frame-based biopsies. Pooled results suggest-
ing a non-significant trend favoring robotic-assisted biop-
sies (OR 1.86, p = 0.28; RR 1.03, p = 0.33). Only one study
demonstrated a statistically significant benefit for robotic
systems (98% vs. 91%, p = 0.0036) [12]. These findings in-
dicate that according to authors reports, robotic platforms
may achieve high diagnostic success in selected settings;
however, the overall evidence is insufficient to establish su-
periority over frame-based techniques.

The moderate heterogeneity observed (12 = 33-50%) re-
flects some variability in study populations, lesion char-
acteristics, and robotic platforms used. A meta-analysis
by Porto Junior et al. reported a pooled diagnostic yield of
98% (95% Cl: 97-98%) and another one by Marcus et al. re-
ported a rate from 75 to 100% [4,5]. In contrast, our analy-
sis of head-to-head comparative studies found yields rang-
ing from 91.5% to 98% in the robotic group, with pooled risk
and odds ratios that did not reach statistical significance
(RR 1.03; OR 1.86). These findings may suggest compara-
ble diagnostic performance when directly compared with
frame-based biopsy, without definitive evidence of superi-
ority.

Procedure Time

Findings related to procedural duration were inconsistent
across studies. While Wu et al. reported significantly short-
er operative times with robotic assistance, Hu et al. and
Spyrantis et al. found the opposite, and Li et al. observed
no meaningful difference. These discrepancies are likely at-
tributable to institutional workflow differences, operator
experience, and platform-specific setup times. Thus, pro-
cedure time should be interpreted as context-dependent
rather than inherently superior in either modality. In recent
meta-analysis the mean time for robotic SBB was 52.45
min (95% Cl: 37.83-67.07) [4].

Complications and Safety

Across all included studies, complication rates were low
for both robotic-assisted and frame-based biopsies. Por-
to Junior et al. reported postoperative hemorrhage rates
of approximately 6%, transient neurological deficits of
4%, and no procedure-related mortality, findings that are
consistent with the low complication rates observed in
the studies included in the present review [4]. The pooled
complication analysis demonstrated no statistically sig-
nificant difference between techniques (OR 0.68, 95% Cl:
0.32-1.42; p = 0.30).

Although heterogeneity was negligible (I = 0%), this like-
ly reflects uniformly low event rates and limited statisti-
cal power rather than robustness of the pooled estimate.
Therefore, these findings indicate that both techniques are
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associated with low reported complication rates, but they
do not establish equivalence of safety profiles or procedural
mechanics.

Targeting Accuracy and Patient Comfort

In the literature, targeting errors reflecting the precision
achievable with robotic guidance vary from 0.9 to 4.5 mm
[4], and a recent meta-analysis reported a mean error of
1.08 mm (95% Cl: 0.49-1.66) [5]. Only one study [11] pro-
vided quantitative targeting accuracy data, limiting the
strength of any comparative conclusions. However, this
finding was based on a single study using a specific reg-
istration method and did not translate into improvements
in diagnostic yield or complication rates. Moreover, these
measurements likely reflect clinical workflow accuracy
rather than intrinsic system precision and were influenced
by differing registration strategies between techniques.
Reported accuracy for Remebot systems in the literature
was approximately 3 mm, which is inferior to that typically
achieved with frame-based systems [10,13].

Importantly, the observed differences in localization error
did not translate into statistically significant improvements
in diagnostic yield or reductions in complication rates.
When considered alongside evidence from phantom-based
assessments, frame-based stereotaxy remains the gold
standard for stereotactic accuracy, and both techniques
appear comparably effective and safe in clinical practice.
Wu et al. also reported lower patient discomfort scores for
robotic-assisted procedures, likely due to the elimination
of the stereotactic head frame [13]. While this may affect
patient experience in selected settings, these findings are
based on limited data and do not alter diagnostic or safety
outcomes.

Limitations

This analysis has several limitations. First and foremost,
our study exclusively included research that directly com-
pared robotic-assisted SBB with frame-based SBB within
the same patient cohorts. While this head-to-head design
enhances the internal validity of our comparative analysis,
it also resulted in the exclusion of a broader body of litera-
ture involving single-arm studies, which may contain valu-
able insights into each technique's individual performance,
safety, and operational nuances. By focusing solely on
comparative studies, we may have inadvertently omitted
high-quality data on robotic-assisted or frame-based SBB
that could have enriched our understanding of each modal-
ity's strengths and limitations in isolation. This exclusion
limits the generalizability of our findings to settings where
only one modality is in use.

Moreover, all included studies were retrospective in nature,
which introduces inherent selection bias and limits the abil-
ity to establish causality. Furthermore, variations in robotic
platforms, surgical techniques, and patient populations in-
troduce heterogeneity, especially regarding procedure time
and accuracy outcomes. Only one study provided data on
quantitative targeting error [11], and none included long-
term follow-up on neurological outcomes. The small num-
ber of directly comparative studies limits the statistical
power and generalizability of our findings.
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Implications and Future Directions

Robotic-assisted SBB constitutes may be an alternative to
frame-based SBB for some neurosurgeons. However, cur-
rent evidence does not support definitive clinical superiority
over frame-based stereotaxy, which remains the reference
standard. Further well-designed, prospective, multicenter
studies employing standardized protocols are required to
confirm these findings and to evaluate cost-effectiveness,
training requirements, and long-term outcomes.

CONCLUSIONS

This systematic review and meta-analysis evaluated the
comparative performance of robotic-assisted and frame-
based stereotactic brain biopsy across four retrospective
studies involving 656 patients. The findings demonstrate
that both techniques are associated with high diagnostic
yields and low complication rates, with no statistically sig-
nificant differences in diagnostic success, safety, or proce-
dure duration.

However, the strength of these conclusions is limited by
the small number of studies, retrospective design, low
event rates, and heterogeneity in study populations, ro-
botic platforms, and outcome definitions. Importantly, the
absence of statistically significant differences should not
be interpreted as evidence of equivalence or superiority of
robotic-assisted approaches. Outcomes related to fixation
stability, targeting precision, patient positioning, and surgi-
cal access were not systematically assessed and therefore
cannot be inferred from the current data.

Frame-based stereotactic biopsy remains the reference
standard due to its rigid cranial fixation, unrestricted pa-
tient positioning, and broad surgical access. Frame-based
systems permit flexible trajectory planning and positioning
strategies. In contrast, current robotic-assisted systems
typically require straight head positioning and predom-
inantly limit trajectories to frontal or central approaches.

Based on the available evidence, robotic-assisted SBB
should be regarded as a complementary, indication-spe-
cific technique rather than a replacement for established
frame-based stereotactic methods, which remain the ref-
erence standard. Further prospective, multicenter studies
using standardized protocols and objective accuracy met-
rics are required to better define the role of robotic systems
in stereotactic brain biopsy, including their potential bene-
fits, limitations, and cost-effectiveness.
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ABSTRACT

Schwannomas are a rare type of benign
tumors, which typically develop without
presenting any neurological symptoms,
due to their slow- growth. While they
can occur anywhere along the peripheral
nerves, upper cervical spinal schwanno-
mas are extremely rare and often pose
diagnostic and surgical challenges. We
present a case of a 46-year-old male pa-
tient, who complained about progressive
weakness and numbness of his right arm
and headache for one year. Neurological
examination showed hypoesthesia in
the C3-C4 dermatomes with mild motor
weakness. MRl demonstrated a well-cir-
cumscribed, enhancing mass at the C2-
C3 level, suggestive of a schwannoma.
The patient underwent a posterior cervi-
cal laminectomy and gross total excision
of the tumor. Histopathological examina-
tion confirmed the diagnosis of schwan-

noma. Early post- operative recovery was
uneventful, but due to severe surgical site
infection, the patient was hospitalized
for intravenous antibiotic therapy. He
was discharged after approximately one
month, without any neurological symp-
toms..

Keywords: Upper cervical, schwannoma,
spine surgery, posterior laminectomy

MNEPINHWH

Ta ofavvwpata elval évag omaviog Ttu-
TI0¢ KaAonBwv dyKwy, oL oTtoloL cuvnBwg
avamtuooovTal apyd, xwplg va Tapou-
oLalouv veupoloylkd cupmtwpata. Evo
UTopoUV va EUdAVLOTOUV OTIoUdT|TIoTE
KATA PNKOC TNG OTIOVOUALKTC OTHANG, Ta
ofavvwpata TNg Avw QUXEVLKNG Molpag
NG omovOUALKNC oTNANG lvat eEatpett-
K& oTtavia Kat ouyva amoteholv Slayvw-
OTLKT) KAL XELPOUPYLKY) TIpOKANoN. Mapou-
olaloupe TNV Tepltwon evog 4bypovou
avépa, o ormolog aveépepe TPOOSEUTLKT)

aduvapia kat atpwdieg tou Seklol dvw
akpou kal kepahalyia amd étoug. H veu-
poloyikny eE€taon €6elfe umalcbnola
ota Seppotopta A3-A4 pe HriLa pUlKY
aduvapia. H payvnukn topoypadila
QTIELKOVLOE [La KAAA TIEPLYEYPAUMEVD,
gvioyuopevn pala oto eminebo A2-A3,
HE XAPAKINPELOTKA ofavvwpatog. O
aoBevng UTIoRAONKE O AUXEVLKY) TIETA-
AekTopla KAl UGOALKT) EKTOUT ToU OyKou.
H otomnaboloyikn eEétaon emPefal-
woe tn dldyvwon tou ofavvwpatoc. H
TIPWLUN HETEYXELENTLKN avAppwon NTav
OpaAn, aAAG Adyw cofapng AoLUWENG TNG
XELPOUPYLKNC TIEPLOX TG, O aoBevn|g voon)-
AeUtnke yia evodAéBLa avtiBLlotikn Be-
pareta. Mpe eELtnpLo petd and mepimou
£va Unva, XwpeLlg VEUPOAOYLKY] CUUTTTWHA-
Tohoyia..

NéEelg kAewdLa: Avw auxevikn poipa,
oBAavvwla, XELPOUPYLKN ETIEUBACT OTIOV-
SUALKNG 0TNANG, TteTaAeKkTopLA.

INTRODUCTION

Schwannomas are benign peripheral nerve sheath tumors,
accounting for approximately 25-30% of all spinal tumors
[1]. Although, atypically presented in the thoracic or lumbar
spine area, cervical spine schwannomas are extremely rare
cases and can present with variable, non-specific clinical
symptoms [2].

Especially in terms of upper cervical region, this anatomical
area contains critical neurovascular structures, the medul-
la oblongata, spinal cord, vertebral arteries, and the spinal
nerve roots of C1-C3, making neoplasms in this area diag-
nostically and surgically challenging. Patients may present
with neck pain, sensory disturbances, radiculopathy, or
even signs of myelopathy depending on the size and loca-
tion of the lesion [3].
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Magnetic resonance imaging (MRI) is “gold standard”
imaging method for diagnosis and pre- operative plan-
ning, typically revealing a well-demarcated, iso- to hy-
pointense lesion on T1-weighted images and hyperintense
on T2-weighted sequences, with homogeneous or hetero-
geneous enhancement after contrast administration [4].
Computed tomography (CT) may be helpful to assess bony
involvement or foraminal widening [5].

Surgical resection remains the treatment of choice for
symptomatic schwannomas. The goal is gross total resec-
tion while preserving neurological function. Histological ex-
amination should be always undertaken, in order to confirm
the diagnosis. The prognosis is generally favorable, with low
recurrence rates following complete resection.
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In this case report, we present a rare case of an upper cervi- | logical examination showed hypoesthesia in the C3-C4 der-
cal schwannoma in a male patient, highlighting the clinical | matomes with mild motor weakness of the shoulder in the
presentation, radiological features, surgical approach, and | right upper limb. Further clinical examination was without
outcome. pathological findings. Upon taking his medical history, only

the intake of anti- hypertensive therapy during the last two
CASE REPORT

) ) o years was noted.
A 46- year- old male patient came to our outpatient clinic,
complaining about progressive weakness and numbness of
his right arm and headache for one year. He did not men-
tion any severe traumatic brain or cervical injury, but he
experienced intense physical fatigue through work. Neuro-

Brain and cervical MRI were performed. The former did not
show any pathological issues, the latter were performed
with intravenous contrast and showed a well-demarcated,
hypointense lesion on T1-weighted images and hyperintense

Figure 1: CT scan

-a-“'( . ¢,

on T2-weighted sequences, located intradural extramedul-
lary mainly in the third cervical vertebrae, extended also in
the second and fourth cervical vertebrae, with heteroge-
neous enhancement after contrast administration. In order
to identify the bony involvement, we also prescribed a cer-
vical CT, which showed vertical scalloping of the third cervi-
cal vertebrae, without osteolytic characteristics. [Figure 1.
Due to the neurological symptoms that reduce the patient's
quality of life and the diagnosis of schwannoma, we sug-
gested surgical excision.

We performed C2, C3 and C4 posterior laminectomy and
gross total resection of the tumor. [Figure 2] There were no
peri- operative complications and the patient was trans-
ferred to our clinic. During the first 3 days post- operatively,
he complained about mild motor weakness of the right up-
per and lower limb, with symptoms disappearing gradually.
He was discharged 6 days post- operatively, without any
complications.

Figure 2: Intraoperative picture
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In the twelfth post- operative day, he complained about se-
vere headache, fever and malodorous trauma leakage. [Fig-
ure 3] We took cultures from different sides of the traumatic
area, and the patient was hospitalized and received intrave-
nous empirical antibiotics (meropenem, polymyxin E), after
taking into consideration the infectious data of our hospital.
The cultures were positive for Pseudomonas Aeruginosa and

DISCUSSION

Spinal schwannomas are benign tumors arising from
Schwann cells. While these tumors can occur anywhere
along the spinal cord, upper cervical schwannomas are rel-
atively rare. Due to their location at the C1-C3 level, they
pose unique diagnostic and surgical challenges.

In our case, the patient presented unspecified symptoms,
which were typically related to nerve root compression or
direct spinal cord involvement. As in many cases, the insid-
ious onset of symptoms often leads to a delay in diagnosis,
resulting in surgical difficulties.

Complete surgical excision by minimizing neurological defi-
cits is the treatment of choice for symptomatic schwanno-
mas. In the upper cervical region, the posterior approach
is most preferred, as it provides direct access to the lesion
while preserving spinal stability. Advances in neurosurgi-
cal techniques and intraoperative neuro-monitoring have
significantly improved surgical outcomes, allowing for saf-
er resection even in this anatomical challenging area. Al-
though intraoperative neuromonitoring (IONM) remains
controversial in moderate cervical cases, in pathologies
that may be difficult to resect (such as schwannomas) is
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Figure 4. First day after discharge

Enterococcus faecalis. The patient was discharged after ap-
propriate antibiotic therapy for approximately one month,
without any neurological symptoms. [Figure 4] The histo-
pathological examination confirmed the diagnosis of slow-
growing (Ki- 67< 3%) schwannoma.

highly recommended. [6] Approximately 20% of patients
undergoing challenging cervical spine surgeries develop im-
permanent neurological symptoms that should be noticed.
[6] As a result, IONM contributes to reducing postoperative
deficits and supports more confident, precise removal of
cervical schwannoma tumors.

Cervical laminectomy is a common surgical approach for
resecting spinal schwannomas, providing wide exposure
of the tumor while allowing careful neural decompression.
The decision to perform spinal fusion in addition to lami-
nectomy depends largely on the extent of bone removal
and the patient’s baseline spinal stability. In our case, we
performed limited laminectomy unilaterally, which does
not significantly compromise structural integrity, therefore
fusion may be unnecessary. However, when multiple levels
are removed, facetectomy is required, or there is preexist-
ing deformity or instability, instrumented fusion is recom-
mended to prevent postoperative kyphosis or instability.
The choice is therefore individualized based on anatomical
and surgical considerations.
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Surgical site infection (SSI) risk after cervical schwannoma
surgery is influenced by a combination of patient, tumor,
and procedure-related factors. Patient-related risks in-
clude diabetes, smoking, obesity, advanced age, poor nu-
tritional status, and immunosuppression. Surgery-related
contributors, such as prolonged operative time, extensive
soft-tissue dissection, multilevel laminectomy, cerebrospi-
nal fluid leaks, and the use of instrumentation, may further
elevate infection risk. Prior surgery or radiation can also
impair tissue healing and increase susceptibility. Identifying
these predictors allows for better perioperative optimiza-
tion and targeted preventive measures.
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ABSTRACT

Aneurysms of the posterior inferior cer-
ebellar artery (PICA) are rare lesions
usually involving the antero-medullary
segment of the vessel. We present the
case of a 54 year old woman suffering
a subarachnoid haemorrhage due to
rupture of a 6mm right PICA aneurysm.
and undergoing end-vascular treatment
of the lesion. Due to the relatively wide
neck of the lesion and partial incorpora-
tion of PICA's origin, we used a catheter
assisted technique to coil the aneurysm
achieving near total exclusion from the
circulation. Technical details of the case
as well as other considerations regarding
PICA aneurysms are discussed. In an era
of increasing use of adjunct endovascular

devices, neurosurgeons and intervention-
ists need to keep in mind that simpler al-
ternatives - such as the catheter assisted
technique described here - do exist and
should not be ignored.

KEYWORDS
Aneurysm, PICA, embolism.

MNEPIAHWH

Ta aveuplopata tng omiocBlag Kkatw
napeykepaAldikng aptnptag (PICA) et-
val OTAvieg aANOLWOoELG TIoU ouvnBwg
agpopolv To eyyug (TIpocBLo TPOUNKLKO)
TUNHa tou ayyetou. Mapouoialoupe TNV
meplmtwon acBevolqg 54 etwv n ormola
UTIEOTY) UTtoapayVvoeLdn atpoppayia peta
amo6 pnén aveupuopatog tng Seglag PICA
Kat uttoPANONKe oe evdayyeLAKY) ATTOKA-

Taotaon autou. Adyw Tou gupl auxéva
™C PAABNC KAl TNG HEPLKNG EVOWHATW-
ong tng ékpuong tng PICA og autny, xpn-
oLpototnoaype catheter assisted texvikn
yLa Tov elBoALOpO TOU AveEUPUOUATOG LE
OTIELPANATA, ETILTUYXAVOVTAG TEALKA TOV
oxedov TANPN amokAewopo tou. Mapa
v aufavopevn xpnon evdayyeLakwy
OUCKEUWV 0Tnv olyxXpovn veupoemepBa-
TUKT), KAOLEPWUEVEG TEXVLKEG OTIWG QUT)
(catheter assisted coiling) Ba mpémeL va
Tapapeivouv 0To OMAOOTACLO HAG KAl
va unv mapayvwpilovtay, edika og 6,tL
adopda payevta aveupUouaTa.

AEZEIZ KAEIAIA
Aveupuopa, PICA, epfollopoc.

INTRODUCTION

Aneurysms of the posterior inferior cerebellar artery (PICA)
are rare lesions usually involving the antero-medullary seg-
ment of the vessel. Endovascular treatment, although
established nowadays as our first option, often proves
challenging and special consideration is always needed. Un-
favorably configurated lesions in the region require the appli-
cation of advanced techniques in order for a good outcome
to be achieved.

CASE DESCRIPTION

Our case is that of a 54-year-old woman presenting with
subarachnoid haemorrhage (SAH) due to rupture of a 6mm
right PICA aneurysm. Initial presentation was with a sud-
den collapse while the patient walking on the street. Ac-
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cording to the records, she was reported by the paramedics
to be unresponsive on the scene but later on she partly re-
covered, reaching a GCS of 10/15. A CT scan performed in
the Emergency Department of her local hospital revealed
a Grade IV on the Fisher scale subarachnoid haemorrhage.
The blood was predominantly concentrated in the right cer-
ebellopontine angle and extending, through the ipsilateral
foramen of Luschka and Magendie, in the ventricular sys-
tem. Incipient hydrocephalus was also noted.

On the basis of these findings the patient was intubated
and transferred to the John Radcliff Hospital for further
treatment. There, ICP monitoring was instituted (recorded
values in the high twenties range) and a second CT scan
followed by a CTA were performed (Fig. 1& 2).
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Figure 1. Unenhanced axial CT scans. Subarachnoid haemorrhage with blood is predominantly concentrated in the left cerebellopontine angle (Right). Signs
of hydrocephalus (dilatation of temporal horns) (Left).

Figure 2. CTA, axial scan. A right PICA aneurysm is noted (yellow arrow).
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The size of the ventricular system was reported slightly in-
creased compared to previous imaging while the cause of
the haemorrhage was found to be a 6mm proximal PICA
aneurysm on the right. After discussion with the neurosur-
gical team, endovascular treatment of the lesion in ques-
tion was offered and accepted by the patient's relatives
(the patient herself was kept intubated throughout this
period).

The procedure was performed within 24 hours of the initial
haemorrhage, with the patient sedated and under contin-
uous monitoring of both her activated clotting time (ACT)
and intracranial pressure. 6F sheaths were placed in the
common femoral arteries bilaterally, the right one under US
guidance. Diagnostic injections in the left subclavian and
the right vertebral arteries with a 5F Vertebral Catheter
confirmed the presence of the previously identified PICA
aneurysm (Fig. 3).

The lesion was relatively wide necked and it partly incorpo-
rated PICA's origin. A daughter sac, probably representing
the rupture point, could also be seen. 6F Envoy guiders were
used to selectively catheterize both vertebral arteries and
a bolus dose of 5000 IU of heparin was administered in-
tra-arterially. With the aid of a Synchro-14 guidewire, an
SL-10 microcatheter was advanced through the left ver-
tebral artery and over to the proximal right PICA where it
was left in place throughout the procedure. A second SL-10
microcatheter, this time loaded over a Synchro-2 guidewire,
was advanced through the right vertebral catheter, in the
aneurysm dome (Fig. 4).

Figure 3. DSA (right vertebral artery injection, lateral projection). A 6mm
aneurysm partly incorporating PICA's origin is noted (yellow arrow). A
daughter sac, probably representing the rupture point, can also be seen
projecting superiorly.

Figure 4. Intraprocedural images. (Top) Working projections, bilateral vertebral injections. On the left vertebral injection some degree of reflux into the right
vertebral artery as well as the aneurysm dome can be seen. (Bottom) Roadmap images. The tip of an SL-10 microcatheter has been positioned in the aneu-
rysmal sac (yellow arrow) while a second similar microcatheter with the guidewire still in place has been inserted in the proximal PICA (red arrow).
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Coiling of the aneurysm was achieved with 2 framingand 6 | 2.5mm x 6cm, 2mm x 8cm, 2mm x 8cm) (Fig. 5). Having
filling coils. The former were Micrusphere Microcoils 6mm x | achieved a near total exclusion of the aneurysm from the
11.9cm and 5mm x 9.7cm respectively while the latter were | circulation (OG [), the microcatheters were retrieved and
Ultipag Microcoils (4mm x 8cm, 3 mm x 8cm, 2.5mmx é cm, | a final angiogram confirmed patency of the PICA (Fig. 6).

Figure 5. Intraprocedural images under roadmap. Coils have been deployed in the aneurysmal sac.
Stable presence of the assisting microcatheter within the proximal PICA.

Figure 6. Post-procedural DSA. Right vertebral artery injection, AP (Left) and lateral (Right) views. Near total occlusion of the aneurysm dome (OG |..

The procedure was reported uneventful and the patient re- | stage. Post-procedural recovery was deemed satisfactory
turned to neuro-ICU with her vital signs (including ICP) sta- | and the patient was discharged nearly 20 days after her
ble. The sheaths were left in place to be removed at a later | initial admission
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DISCUSSION

PICA aneurysms are rare lesions, accounting for 0.5-3% of
all intracranial aneurysms [1]. Pointing usually upwards, they
are categorized as either proximal or distal lesions. The for-
mer are found on the antero-medullary segment of the PICA
or on its junction with the vertebral artery while the latter,
far less common and usually of anirregular shape, arise more
distally on the vessel (Ishihara, 2013) [2].

Despite our incomplete understanding of their natural histo-
ry, it seems that PICA aneurysms have a higher risk of rup-
ture compared to their anterior circulation counterparts [3].
As a result, most authors favor a more aggressive approach
when it comes to unruptured lesions suggesting that aneu-
rysms as small as 3mm should be treated [4].

Microsurgical treatment of PICA aneurysms is challenging
due to their close proximity to the brainstem and the lower
cranial nerves. Postoperative dysphagia and inability to pro-
tect the airway are not infrequent and, even though tempo-
rary, they are associated with prolonged hospitalization and
risk of aspiration pneumonia. Other complications include
infection, CSF leaks and hydrocephalus [5].

Endovascular therapy presents today as the primary treat-
ment modality for PICA aneurysms. Despite satisfactory
results, significant difficulties may occur. PICA's origin incor-
poration within the lesion often requires the application of
advanced techniques in order to protect the branch while, in
a substantial proportion of patients, parent artery occlusion
will still be required. In our case, preservation of PICA's flow
was achieved with the aid of a catheter assisted technique
[6]. This involves insertion of one microcatheter into the en-
dangered branch while the tip of another microcatheter is
positioned into the aneurysm lumen for coil deployment. The
catheter assisted technique is an alternative when a balloon
or a stent cannot be used due to the branch's small size, tor-
tuosity or acute angulation to the parent artery.

Prior to closing our discussion, it should be noted that PICA
aneurysms are prone to intraprocedural rupture. This has
been traditionally attributed to the geometry of these aneu-
rysms: virtually all PICA aneurysms project upward and slack
in the microcatheter caused by the V3 loop of the vertebral
artery can easily be transferred in an upward jump during
pushing, resulting in rupture of the aneurysm dome [7].

CONCLUSION

PICA aneurysms often prove to be a challenge for interven-
tionists. Today's endovascular armatorium includes a wide
range of adjunct devices (i.e., balloons and stents) that
promise to facilitate such procedures. However, simpler al-
ternatives are not to be ignored. Limiting the overall cost of
endovascular therapy, such techniques still remain of great
value in our everyday practice.

PATIENT CONSENT
Written informed consent was obtained from the patient.
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ABSTRACT

Lactic acidosis is a rare but potentially
serious complication during surgery, typi-
cally associated with tissue hypoxia, sep-
sis, or metabolic disorders. We present
the case of a previously healthy patient
who developed a significant intraopera-
tive elevation in lactate levels (lactate =
10.5 mmol/L) during an anterior cervical
discectomy and fusion (ACDF) for cervi-
cal disc herniation, with no identifiable
cause. This case underscores the impor-
tance of vigilant intraoperative monitor-
ing and the need for further investigation
into atypical metabolic responses during

KEYWORDS

Lactate acid, cervical hernia, ACDF,
intraoperative complications, spinal
surgery, metabolic abnormalities

MNMEPINHWH

H yaAaktikn o&éwon amotelel pla omd-
via aMd Suvnukd ocoPapr) ETUTAOKT)
katd tn SldpKela Tou XELpoupyelou.
YuvnBwg oyxetidetal pe LOTKN UTIOELQ,
onyn N petaPfoAkée Satapayec. Ma-
pouoLaloUpEe TNV TEPLTTTWOT eVOC TIPoN-
YOUHEVWG UyLOUC aoBevoug Ttou epdavioe
onUavTikn Sleyxelpntikn av&non Twv
ETIUMES WV YOAAKTLKOU 0E€0C (YAAAKTLKO =
10,5 mmol/L) katd tn SLdpkeLa tpdobLag

QUYEVLKNG SLoKeEKTOUNG Kal oTtovdulode-
otag (ACDF) Aoyw KNANG HecooTIOVOUAL-
ou Slokou, XwpLlg va eviomoTel oadng
atctia. H meplmtwon autn avadelkviel
TN onuaocia TNG eVTATLKNG TIAPAKOAOU-
Bnong katd tn Stapkela ng emepfaong
KaL Tnv avaykn mepattépw Stepelivnong
atutwyv petaBoAtkwy avtdpdoewy kata
™ Ouapkela ouvhBwv emepPAacewy 01N
OTIOVOUALKY) GTNHAN.

NE=EIX KAEIAIA

FaAakTikn o&Ewaon), KA auxevikoU
pecooTovdUALou Siokou, ACDF, bieyxet-
PYTLKEG ETILITAOKEG, XELPOUPYLKY) oTtovOU-
ALKNG OTHANG, HETABOALKEG SLaTapayeEc.

routine spinal procedures.

INTRODUCTION

The normal value of lactate in arterial gas is < 2 mmol/L.
Elevation of lactate can be present in cases of tissue hy-
poperfusion, mitochondrial dysfunction, or toxin exposure
[1]. Intraoperative elevation of lactate acid in patients
without significant previous medical history is uncommon
in elective spinal surgery [2,3]. This case report describes an
unusual presentation of severe lactate acid elevation up to
10 mmol/L with metabolic acidosis during anterior cervical
discectomy and fusion (ACDF) in a patient without predis-
posing conditions.

CASE DESCRIPTION

A 50-year-old male patient presented with chronic neck pain,
numbness in the right upper limb, and associated gait insta-
bility over the past four months. His medical history was no-
table for active smoking and arterial hypertension, for which
he was under treatment with an angiotensin Il receptor
blocker. On neurological examination, he had a positive Hoff-
mann's sign, reduced muscle strength in the right upper limb
(graded 4/5), and clonus in the right lower limb. Magnetic
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resonance imaging (MRI) of the cervical spine revealed disc
herniations at the C4-C5 and C6-C7 levels, with evidence of
cervical myelopathy and spinal cord compression. Following
preoperative evaluation from cardiologists, anesthesiolo-
gists and examination of the respiratory system, the patient
was cleared for surgery and scheduled for an elective ACDF
at the two affected levels.

During the procedure, the first arterial blood gas (ABG)
showed a lactate level of 5.8 mmol/L, pH = 7.34, bicarbonate
levels = 21.2 mmol/L and potassium level of 2.5 mmol/L, with
normal sodium level. Intravenous fluids were administered to
correct the electrolyte imbalances, which were promptly nor-
malized. Despite the absence of excessive bleeding or hemo-
dynamic instability, the lactate levels continued to rise, with
the last intraoperative ABG showing lactate at 10.2 mmol/L
and a concomitant pH drop to 7.298. Consequently, follow-
ing consultation with cardiologist and intensive care unit, the
surgical team decided to terminate the procedure prema-
turely. Vital signs remained stable throughout the surgery
(BP 110-125/70-85 mmHg, HR 75-90 bpm, Sp0, 97-100%).
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Laboratory investigations, including cardiac troponin, were
obtained and were negative. A computed tomography pul-
monary angiography (CTPA) was subsequently performed
and was negative for pulmonary embolism. The patient was
admitted in the neurosurgery clinic postoperatively for close
monitoring for potential infection, hypoxia, or renal or hepat-
ic dysfunction. During the 5-day hospitalization, no underly-
ing cause was identified for the lactic acidosis.

The lactate levels gradually normalized (<2 mmol/L) by the
third day without additional intervention. Three weeks later,
the patient underwent a rescheduled surgery, during which
a two-level ACDF was successfully performed without any
complications. Lactic acid levels remained within normal
limits throughout the second procedure and postoperative
period.

DISCUSSION

Lactic acidosis is a critical metabolic condition that is asso-
ciated with several clinical entities and a range of metabolic
disorders, particularly in critically ill patients. It is defined as
a serum lactate concentration above 4 mmol/L, and is usu-
ally accompanied by a blood pH below 7.35 and low plasma
bicarbonate levels [4]. Lactic acidosis during elective spinal
surgery is rare and is typically associated with underlying
systemic illness or major intraoperative events. In our case,
the cause of intraoperative lactic acid elevation remains un-
clear. Common etiologies such as hypoxia, hypoperfusion,
sepsis, or drug-induced mitochondrial dysfunction could not
be identified. Lactic acidosis is generally divided into two
types, depending on the underlying cause. Type A, is the
most common form, is typically caused by tissue hypoper-
fusion and hypoxia (e.g., shock, sepsis, severe anemia, or
cardiopulmonary arrest). These conditions force cells to rely
on anaerobic glycolysis, resulting in excessive lactate pro-
duction. Type A lactic acidosis is usually severe and requires
immediate correction, as it is associated with high mortality
rates. Type B is less common and occurs without evidence
of tissue hypoxia or hypoperfusion. It is attributed to mito-
chondrial dysfunction and the inability to metabolize excess
pyruvate. This type may result from various causes, including
malignancies, liver disease, medications (such as metformin
or propofol), HIV infection, trauma, alcohol abuse, and other
metabolic disorders [5].

HELLENIC NEUROSURGICAL SOCIETY / JANUARY - APRIL 2026

In our case, a possible explanation may involve a stress-relat-
ed or idiopathic mechanism, most likely Type B lactic acidosis
triggered by perioperative stress. Notably, three weeks later,
the patient underwent surgery using the same anesthetic
agents, including propofol, as used in all other cases of ACDF,
without recurrence of lactic acidosis, further supporting the
transient and idiopathic nature of the initial event. For this
reason, close monitoring of metabolic parameters—even
during routine surgeries—is crucial in neurosurgical patients,
as it may allow for the early detection and management of
unexpected metabolic disturbances.

CONCLUSION

This case illustrates an unusual occurrence of severe, unex-
plained lactic acid elevation during elective cervical spine
surgery. Although the outcome was ultimately favorable, it
underscores the importance of intraoperative vigilance and
awareness of rare metabolic complications.

PATIENT CONSENT
Written informed consent was obtained from the patient.
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