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: Major statement

Imaging plays a key role in all phases of deep
¢ brain stimulation, enabling personalization

i andimproved clinical outcomes.

. SUMMARY

© Janovi¢ $, Holly S, Kusnirova A, Kloc M,

. HaragT, Chmelik M, KoSutzka Z.Imaging
Techniques in Deep Brain Stimulation: A Re-
: view of Preoperative, Intraoperative, and
Postoperative Applications

Deep brain stimulation (DBS) has over the

i years established as an effective and safe

i treatment for various neurological and psychi-
atric disorders, such as Parkinson’s disease,

i essential tremor, dystonia, etc. With the ad-

i vancement of this therapy, imaging techniques
have gained crucial importance in all phases of
: treatment - from patient selection and surgical
planning, through intraoperative electrode

¢ placement, to postoperative monitoring and

i stimulation programming. In the preoperative
i phase, magnetic resonance imaging (MRI)

: plays a fundamental role in visualizing brain
structures, identifying contraindications, and

i planning the procedure. Advanced MRI tech-

¢ niques, such as diffusion imaging and tractog-
raphy, enable assessment of brain structural
:connectivity and allow treatment to be tailored
to individual symptoms. These approaches

¢ supporta new perspective on neurological dis-
i orders - not as diseases of isolated structures,

Hlavni stanovisko prace

Zobrazovacie metddy zohrdvaju klicovi dlohu
vo vetkych fazach hlbokej mozgovej stimuld-
cie, pricom umoznujd individualizaciu liecby
a zlepsenie klinickych vysledkov.

SUHRN

Janovié S, Holly S, Kusnirova A, Kloc M,
Harag T, Chmelik M, KoSutzka Z. Zobrazovacie
metédy pri hlbokej mozgovej stimulacii:
prehlad predoperacného, intraoperacného

a pooperacného vyuzitia

Hlboka mozgova stimuldcia (DBS, z angl. deep
brain stimulation) sa v priebehu rokov etablo-
vala ako (¢inna a bezpecna liecebnd metdda
pri roznych neurologickych a psychiatrickych
ochoreniach, ako s Parkinsonova choro-

ba, esencialny tremor, dysténia a podob-

ne. S rozvojom tejto terapie nadobdidaji
zobrazovacie techniky zdsadny vyznam vo
vsetkych fazach liecby - od vyberu vhodného
pacienta a pldnovania zdkroku, cez intraope-
racné zavddzanie elektréd az po pooperacné
sledovanie a programovanie stimuldcie.

V predoperacnej faze zohrdva magneticka
rezonancia (MR) klacovd dlohu pri vizualizacii
mozgovych Struktdr, identifikdcii kontraindikd-
cif a planovani samotného zakroku. Pokrocilé
MR techniky, ako je diftizne zobrazovanie

a traktografia, umoznujd hodnotenie Struk-
turdlnej konektivity mozgu a prispdsobenie
liecby individualnym priznakom. Tieto pristupy
podporuji novy pohlad na neurologické



i but of neural circuits. During DBS electrode

¢ implantation, imaging ensures precise place-

¢ ment - either through direct anatomical

© targeting with MRI or via position verification

© using CT or X-ray. Postoperatively, CT scanning
i is crucialin assessing electrode placement
accuracy and identifying complications such

: asischemia, hemorrhage, or pneumocephalus.
Advances in information technology have

i enabled the development of software tools for
imaging data analysis in DBS. Among the most
i widely used are the open-source tool Lead-

i DBS, and certified platforms such as Sure-

¢ Tune™ (Medtronic) and GUIDE™ XT (Boston

i Scientific). These systems allow for reconstruc-
tion of electrode placement, calculation of the
¢ volume of activated tissue, and visualization of
¢ stimulation fields. Some also enable connec-
tome and brain network analysis, supporting

i personalized, network-oriented stimulation
settings and thereby significantly improving

i DBS therapy precision and effectiveness.

¢ Key words: deep brain stimulation, neuroim-
i aging, Parkinson disease.

INTRODUCTION

Since the firstimplantation of deep
brain stimulation (DBS) in 1987 for
the treatment of essential tremor and
later Parkinson’s disease (PD), the
field has undergone significant trans-
formation. Early procedures relied
primarily on stereotactic anatomy and
intraoperative clinical observation.
Today, DBS benefits from sophisticated
neuroimaging technologies that en-
able highly accurate, individualized,
and functionally guided targeting. The
development of MRI and tractography
has fundamentally changed how DBS

is planned, navigated, and evaluated.
Modern imaging techniques now play

a central role throughout all phases of
DBS therapy - from preoperative can-
didate selection and anatomical target
definition, to intraoperative electrode
guidance, and postoperative verifica-
tion and stimulation programming.
Advances in connectomics and the
ability to visualize white matter path-
ways have paved the way for network-
oriented neurosurgery, which considers
not just anatomical structures, but also
the functional brain circuits involved in
disease. This shift has improved clinical
outcomes, reduced stimulation-related
side effects, and significantly shortened
the time required for programming.
The aim of this review is to present the
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poruchy - nie ako na ochorenia izolovanych
oblasti, ale ako poruchy nervovych okruhov.
Pocas samotného zavadzania DBS elektréd
zohrdva zobrazovanie klicovd dlohu priich
presnom umiestiovani - bud prostrednictvom
priameho anatomického navddzania (pomocou
MR), alebo verifikdcie ich polohy pomocou CT
Ci rontgenu. V pooperacnom sledovani zohrava
klicovd dlohu CT vysetrenie, ktoré umoziuje
nielen posUdit presnost zavedenia elektréd,
ale aj vcas identifikovat komplikacie, ako sd
ischémia, hemordagia ¢i pneumocefalus. Pokrok
vinformaénych technoldgidch umoznil vyvoj
softvérovych ndstrojov na analyzu zobrazova-
cich dat pri DBS. Medzi najpouzivanejsie patria
open-source nastroj Lead-DBS a certifiko-
vané platformy ako SureTune™ (Medtronic)

a GUIDE™ XT (Boston Scientific). Tieto systémy
umoznujl rekonstrukciu umiestnenia elektréd,
vypocet objemu aktivovaného tkaniva a vizuali-
zaciu stimulacnych poli. Niektoré umoznuja

aj analyzu konektému a mozgovych sieti, ¢im
podporujd personalizované, na siet zamerané
nastavenia stimuldcie a tym vyrazne zvysuji
presnost a Gcinnost DBS terapie.

Klicova slova: hlboka mozgova stimuldcia,
neurozobrazovanie, Parkinsonova choroba.

role of neuroimaging across the full
continuum of DBS management - from
initial planning to long-term postop-
erative care - and to highlight how
these advancements contribute to safer,
more effective, and more personalized
neuromodulation strategies.

Application of imaging techniques
in the preoperative management
of DBS patients

From the perspective of imaging tech-
niques used in the preoperative phase
of DBS, MRI is considered the most
important modality. Its primary role lies
in preoperative planning, as it enables
accurate targeting of brain regions
intended for stimulation (Fig. 1).

At the same time, MRI provides
criticalinsights into a patient’s overall
brain condition, helping clinicians
evaluate DBS candidacy and identify
potential contraindications. These may
include pathological lesions or tumors
(depending on their location), vascular
malformations that increase the risk of
perioperative complications, or severe
brain atrophy and other degenerative
changes that could compromise treat-
ment efficacy (1). Beyond planning and
candidacy assessment, MRI also serves
as a predictive tool for therapeutic
outcomes. Techniques such as volu-
metric analysis can identify atrophy in
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&
0 Schematic representation of preoperative planning for stereotactic DBS implantation using the StealthStation (Medtronic) system:
(a) fusion of preoperative MRI and CT scans to align anatomical landmarks for accurate targeting; (b) planned stereotactic trajectories for DBS

targeting the STN (the right-sided trajectory is shown in yellow, and the left-sided trajectory in blue); (c) postoperative CT scan showing the final
position of the implanted DBS electrodes in relation to the preoperatively calculated trajectories

Schématické znazornenie predoperacného planovania stereotaktickej implantacie DBS pomocou systému StealthStation (Medtronic):
(a) fuzia predoperacnych MRI a CT snimok na zostladenie anatomickych orientacnych bodov s cielom presného zacielenia; (b) napldnované
stereotaktické trajektdrie pre DBS zacielené na STN (pravostranna trajektéria je znazornena Zltou farbou a lavostrannd modrou farbou);

(c) pooperacné CT zobrazujdce findlnu polohu implantovanych elektréd vo vztahu k predoperacne vypocitanym trajektéridm

regions like thalamus and cingulate
cortex, which has been associated with
reduced DBS effectiveness in allevi-
ating motor symptomsin PD (2). In
parallel, technological advances in MRI
and neuroimaging made it possible to
analyse the brain’s structural connec-
tivity, enabling a more individualized
and symptom-specific approach to
treatment, including DBS targeting.
Structural connectivity is part of a
broader concept known as the brain
connectome, which encompasses both
structural and functional connections
within the nervous system. The term
~connectome” was introduced by Olaf
Sporns in 2005, inspired by the Human
Genome Project, with the goal of com-
prehensively map the brain’s neural
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architecture. Early connectome map-
ping efforts relied on MRI-based tech-
niques such as diffusion MRI (dMRI),
which laid the foundation for what
would later evolve into connectomic
surgery — a term coined by Henderson
in 2012 (3). This approach uses diffu-
sion tensor imaging (DTI) and tractog-
raphy to visualize and target specific
neural pathways involved in movement
disorders. Following this line of think-
ing, Lozano and Lipsman proposed
that many neurological conditions
should be reframed as circuit-based

or network disorders, introducing

the term ,circuitopathies” to reflect
this systems-level perspective (4).
The structural connectome encom-
passes anatomical links between brain

regions, primarily mediated by white
matter tracts. Disruptions in these
connections are thought to contribute
significantly to the pathophysiology of
various neurological and psychiatric
conditions. Several studies suggest
that DBS can modulate these struc-
tural connections in patients with PD
and related disorders. Using dMRI,
clinicians can assess water diffusion
patterns in white matter, enabling the
reconstruction of major fiber path-
ways in the brain. These pathways are
visualized through tractography, a
technigue that maps the direction and
trajectory of individual fiber tracts. In
more complex clinical scenarios, where
higher spatial resolution is required,
diffusion spectrum imaging (DSI)
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MRI & DTI Data Preprocessing Structural Structural
Connectivitity Connectivity Map
Matrix

Schematic representation of the processing pipeline for brain structural connectivity analysis: (a) morphological MRI and diffusion-weighted
imaging (DWI) or diffusion tensorimaging (DTI) data serve as the initial input; (b) following preprocessing — using tools such as QSIPrep, gsire-
con, or similar software that performs motion correction, distortion are used; (c) the resulting data are used to generate a structural connectivity
matrix, where each element represents the strength or presence of a connection between brain regions; (d) this matrix enables the reconstruc-
tion of a structural connectivity map, which can be visualized using tools such as DSI Studio, MRtrix, or other tractography platforms

Schématické znazornenie postupu spracovania dat pri analyze Strukturalnej konektivity mozgu: (a) morfologické MRI a diftizne vdzené
zobrazenie (DWI) alebo difizne tenzorové zobrazenie (DTI) sldZia ako vstupné data; (b) po predspracovani — pomocou ndstrojov ako QSIPrep,
gsirecon alebo iného softvéru, ktory vykonava korekciu pohybu a skreslenia - sa data upravia; (c) vysledné data sa pouziji na vytvorenie matice
Strukturdlnej konektivity, kde kazdy prvok reprezentuje silu alebo pritomnost spojenia medzi oblastami mozgu; (d) tdto matica umoznuje
rekonstrukciu mapy Strukturdlnej konektivity, ktord mozno vizualizovat pomocou nastrojov ako DSI Studio, MRtrix alebo inych traktografickych

platforiem

can be employed to more accurately architecture within the stimulation understanding the spatial relation-
resolve crossing fibers and delineate field. While central anatomical struc- ship between target structures and
tract orientation (Fig. 2). tures such as the subthalamic nucleus adjacent white matter tracts allows for

This imaging-based insight has (STN) remain essential DBS targets more precise steering of the volume of
important clinical implications, as it and often lead to significant clinical tissue activated (VTA) toward symptom-
complements traditional anatomi- improvement, incorporating tractog- relevant pathways. Rather than focus-
cal targeting in DBS by enabling the raphy-based visualization provides ing solely on nuclei, stimulation that
consideration of underlying fiber an additional advantage. Specifically, engages specific fiber tracts has been

Structural Connectivity Visualization with STN and SMA. Visualization of structural brain connectivity using DSI Studio. The DBS target structu-
re is represented by the subthalamic nucleus (STN) - blue for the right STN and yellow for the left STN. Cortical structures are represented by the
supplementary motor area (SMA) - red for the right SMA and green for the left SMA. The tractography was generated after preprocessing using
the gsirecon pipeline.

Vizualizacia Strukturalnej konektivity STN a SMA. Vizualizacia Strukturdlnej konektivity mozgu pomocou néstroja DSI Studio. Cielovou
Struktdrou DBS je subtalamické jadro (STN) — modrd farba oznacuje pravé STN a zltd lavé STN. Kortikdlne Struktdry si zastipené doplnkovou mo-
torickou oblastou (SMA) - Cervend pre pravii SMA a zelend pre lavid SMA. Traktografia bola vygenerovana po predspracovani dat pomocou pipeline
gsirecon.
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increasingly associated with favorable
therapeutic outcomes. For example,

in patients with pharmacoresistant
tremor, involvement of the dentatoru-
brothalamic tract has been linked to
over 90% symptom improvement within
three months postoperatively (5).
Similarly, in cases of bradykinesia and
freezing of gait, optimal outcomes are
associated with enhanced connectivity
between the STN and cortical regions
such as the supplementary motor area
(SMA) and prefrontal cortex (PFC) (6)
(Fig. 3).

In the context of tremor, the most
significant improvements are observed
when stimulation encompasses tracts
structurally connected to the primary
motor cortex (PMC) (5). In addition
to these functionaliinsights, MRI is
indispensable for addressing individual
anatomical variability, such as differ-
ences in the size, shape, or position of
structures like the STN. Itis also essen-
tial for visualizing electrode trajectories
and confirming lead placement - topics
that will be explored in more detail
in subsequent chapters. In summary,
structural and functionalimaging
enables a more rational, personalized
approach to DBS planning. It allows cli-
nicians to tailor electrode targeting to
a patient’s unique symptom profile and
offers better predictive value for clinical
outcomes. MRI not only ensures ana-
tomical precision but also facilitates the
integration of advanced imaging data
into surgical planning, thereby enhanc-
ing both the safety and effectiveness of
DBS interventions.

From planning to placement:

the role of intraoperative and
perioperative imaging in DBS

In the context of intraoperative and
perioperative imaging techniques used
during DBS, the primary role of imag-
ing lies in ensuring accurate targeting
of the structures to be stimulated. Two
main conceptual approaches are com-
monly distinguished: the anatomical
approach and the functional approach.
These approaches describe the methods
used to determine the optimal loca-
tion for electrode implantation either
during or after the surgical procedure.
The anatomical approach is based on
image-guided verification and planning,
most notably through the use of in-
traoperative MRI (iMRI). This method
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allows for high-resolution visualization
of the electrode trajectory and posi-
tion within the target structure and is
often preferred for patients who cannot
tolerate awake surgery - such as indi-
viduals with severe anxiety, dystonia,
dyskinesias, or spinal conditions that
are aggravated by surgical positioning
(7). MRI-guided and MRI-verified DBS
procedures are rarely performed due to
the limited availability of MRI systems
directly in operating rooms. In contrast,
the functional approach relies on mi-
croelectrode recording (MER), which
involves the intraoperative insertion of
thin recording electrodes to measure

the characteristic electrical activity

of neurons in the target region. For
STN, the most common DBS targetin
PD, the sensorimotor region located
dorsolaterally within the STN is typically
associated with the most significant
improvement in motor symptoms. By
acquiring functional activity maps
through MER, surgeons can identify pre-
cise anatomical correlates that are later
applied to iMRI-guided implantation.

A crucial step in the both approaches

is verifying the final position of the
permanent electrode after removing
the test electrode. This verification is
typically performed using standard 2D

Schematic representation of imaging and navigation steps during stereotactic DBS
electrode implantation: (a) preoperative magnetic resonance imaging (MRI) and computed
tomography (CT) after the application of a stereotactic frame with fiducial markers. These
images are then coregistered using specialized software platforms (e.g., Brainlab, Stealth-
Station) to allow accurate anatomical localization of target structures; (b) the fusion of MRI
and CT results in a multiplanarimage used for defining the implantation target (e.g., STN,
GPi) and planning the trajectory; (c) the software calculates the optimal trajectory based on
the coordinates of the target and the parameters of the stereotactic frame. Entry pathsinto
the brain are visualized; (d) illustration of the stereotactic frame fixed to the patient’s head,
which serves as a mechanical reference for navigation throughout the surgical procedure;
(e) intraoperative microelectrode recording (MER) is performed to physiologically verify the
target by identifying characteristic neuronal firing patterns at various depths of brain tissue;
(f) after target confirmation, the final DBS electrode is implanted. Its position is verified
intraoperatively using fluoroscopy (X-ray) to ensure precise placement

Schématické znazornenie zobrazovacich a navigacnych krokov pocas stereotaktickej
implantacie DBS: (a) predoperacné MRI a CT snimky po nasadeni stereotaktického rdmu

s referenénymi znackami (fiducidlmi). Tieto snimky st ndsledne koregistrované pomocou
$pecializovanych softvérovych platforiem (napr. Brainlab, StealthStation) s cielom presne
anatomicky lokalizovat cielové Struktdry; (b) flzia MRI a CT vedie k vytvoreniu multiplandr-
neho zobrazenia, ktoré sa pouziva na urcenie ciela implantdcie (napr. STN, GPi) a pldnovanie
trajektorie; (c) softvér vypocita optimalnu trajektériu na zaklade stradnic ciela a parametrov
stereotaktického ramu. Vizualizuju sa vstupné drahy do mozgu; (d) ilustracia stereotaktic-
kého rdmu upevneného na hlave pacienta, ktory slizi ako mechanicky referencny bod pre
navigaciu pocas celého chirurgického zakroku; (e) pocas operdcie sa vykondva mikroelektré-
dovy zdznam (MER), ktorého cielom je fyziologické overenie cielovej oblasti identifikovanim

charakteristickych vzorcov neurondlnej aktivity v réznych hlbkach mozgového tkaniva; (f) po
potvrdeni ciela sa implantuje findlna DBS elektrdda. Jej poloha sa overuje pocas operacie
pomocou skiagrafie (rontgenu), aby sa zabezpecilo presné umiestnenie
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Visualization of intraoperative complications of DBS on postoperative CT imagining: (a) pneumocephalus in the frontal region, predominantly
on the left side; (b) intracerebral hemorrhage at the site of the left electrode insertion; (c) hypodense ischemic zone at the site of the right
electrode insertion in the frontotemporal region

Vizualizacia perioperacnych komplikacii DBS na pooperacnom CT zobrazeni: (a) pneumocefalus vo frontdlnej oblasti, prevazne na lavej strane;
(b) intracerebrélne krvdcanie v mieste zavedenia lavej elektrédy; (c) hypodenznd ischemickd zéna v mieste zavedenia pravej elektrédy fronto-

tempordalne

fluoroscopy (C-arm X-ray), butintra-
operative computed tomography (CT)
or 0-arm systems can also be employed.
These modalities provide three-dimen-
sional imaging that allows for more pre-
cise confirmation of electrode position,
especially useful when frame-based
stereotaxy is combined with image fu-
sion for target validation (Fig. 4).
Originally, anatomical approaches
were viewed as less accurate than MER-
guided methods. However, growing
evidence suggests that electrode place-
ment using iMRI or intraoperative CT/0-
arm verification can produce clinical
outcomes comparable to those achieved
with MER guidance. Unlike MER, iMRI
employs prospective stereotaxy, where
the trajectory and target are refined
in real-time based on directimaging
feedback before the final implantation.
A comparative study from the Univer-
sity of Pittsburgh analyzed radial error,
stimulation thresholds, and motor/sen-
sory side effects in 45 PD patients un-
dergoing DBS using either iMRI or MER
guidance. While MER guidance was as-
sociated with a greater radial error from
theintended target (1.3-1.8 mm vs.
0.7-0.8 mm for iMR), clinical outcomes
assessed by motor scale of Unified
Parkinson’s Disease Rating Scale and
medication reduction showed no sig-
nificant difference between the groups
(8). In summary, iMRI-guided electrode
placement offers superior anatomical

accuracy and can achieve stimulation
results comparable to those obtained
through functional MER-guided meth-
ods, as evidenced by similar stimulation
thresholds and symptom control (9).
This suggests that the choice between
iMRI and MER may be guided by the
preferences of the patient and clinical
team, especially in suitable PD candi-
dates. However, itis important to note
that iMRI-guided DBS requires advanced
equipment, technical expertise, and
significant financial resources. Due to
these demands, it may not be routinely
availablein all centers.

USE OF IMAGING
TECHNIQUES IN THE
POSTOPERATIVE
MANAGEMENT OF PATIENTS
WITH DBS

From the perspective of postoperative
management in patients undergoing
DBS, CT plays a key role, primarily due to
its wide availability, rapid acquisition,
and reduced susceptibility to artifacts
caused by the presence of metallic elec-
trodes. CTis routinely performed shortly
after surgery, with its main objectives
being to verify correct electrode place-
ment within the target structures and

to exclude potential complications such

as intracerebral hemorrhage, ischemic
lesions near the electrode trajectory,
or pneumocephalus (Fig. 5).

In addition, CT has significant value
when used in conjunction with neuroim-
aging software, which allows for fusion
with preoperative MRI scans and the sub-
sequent precise visualization of the elec-
trode positions and individual contacts
in relation to the intended anatomical
targets. This localization is crucial not
only for standard stimulation program-
ming but also in cases where electrode
placement is suboptimal, which may
result in inadequate clinical response
or the presence of stimulation-induced
side effects. Image-guided programming
thus enables not only the optimiza-
tion of therapeutic outcomes but also a
reduction in the number of postoperative
visits to movement disorder centers,
thereby improving the overall efficiency
of patient management. According to
several studies, the use of postoperative
neuroimaging techniques can reduce the
time required for stimulation program-
ming by 56%, while maintaining com-
parable motor outcomes as measured
by the motor part of Movement Disorder
Society - Unified Parkinson’s Disease
Rating Scale (MDS-UPDRS III) scale com-
pared to conventional clinical program-
ming (10). Furthermore, in patients with
suboptimalinitial clinical settings who
failed to respond adequately to standard
programming, image-guided approaches
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Visualization of the most commonly stimulated structures in deep brain stimulation, together with adjacent anatomical regions (orange -
STN, purple —internal capsule, red - red nucleus, green - globus pallidus internus, dark blue — optic tract) (created using Lead-DBS software v3.1)

Vizualizacia najcastejSie stimulovanych Struktdr pri hlbokej mozgovej stimulacii spolu s prilahlymi anatomickymi oblastami (oranzovd -
STN, fialovd - vnitorné puzdro, Cervend - Cervené jadro, zelend - globus pallidus internus, tmavomodra - zrakovy trakt) (vytvorené pomocou

softvéru Lead-DBS verzia 3.1)

have been shown not only to streamline
the programming process but also to
lead to an actual improvementin motor
symptoms — with an average 21.9%
improvementin MDS-UPDRS III scores —
and a notable improvementin quality

of life, subjectively reported by up to
64.5% of patients based on patient
globalimpression of improvement scale
(11). This type of visualization is also of
particular importance when using newer
DBS systems equipped with directional
electrodes, as it enables more precise
steering of stimulation to avoid activat-
ing anatomically sensitive regions such
as theinternal capsule, thereby reducing
the occurrence of stimulation-induced
side effects (Fig. 6).

The implementation of neuroim-
aging-based techniques in DBS has
become increasingly feasible due to
the availability of freely accessible
open-source software tools. Among
them, Lead-DBS is one of the most
widely adopted platforms. It was de-
veloped in the MATLAB programming
environment by the research team
of Andreas Horn and Andrea Kiihn at
Charité - Universitatsmedizin Berlin in
2014. Lead-DBS provides a comprehen-
sive framework for the visualization,
analysis, and modeling of electrode
placementin relation to target brain
structures. The software enables
the fusion of preoperative MRI with
postoperative CT or MRI data, followed
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by coregistration, normalization to a
standardized anatomical space, and
reconstruction of the electrode trajec-
tory, including precise localization of
individual contacts. Additionally, it
allows for the estimation of the VTA, de-
pending on stimulation parameters and
electrode configuration (Fig. 7) (12).
Electrodes and stimulation fields can
be visualized in both the native patient
space and the standardized Montreal
Neurological Institute (MNI) space.
Although MNI is not a stereotactic space
in the classical sense, it represents a
statistically derived anatomical average
of healthy individuals. This allows for
intersubject comparisons and group-level
analysis, which is essential for stimulation
mapping, population-based modeling,
and predicting clinical outcomes. When
dMRI or functional MRI data are available,
Lead-DBS Connectome can be used to
perform structural and functional con-
nectivity analysis. This enables target-
ing stimulation based on functionally
relevant brain networks. Connectivity
modeling can rely either on normative
connectomes derived from population
datasets (e.g., Human Connectome
Project) or on patient-specific connec-
tomes constructed from the individual’s
diffusion-weighted imaging data (13).
These approaches support a personalized
DBS strategy informed by both anatomi-
cal precision and network-based target-
ing. It should be noted that Lead-DBS

is designed primarily for academic and
research purposes and is not approved by
the FDA or EMA for clinical diagnostic or
therapeutic use. In contrast, commercial
platforms such as SureTune™ (Medtron-
ic) and GUIDE™ XT (Boston Scientific) are
FDA cleared (and CE marked in the case of
GUIDE™ XT) and are intended for clinical
application. These tools support visualiza-
tion of electrode placement, VTA calcula-
tion, and basic stimulation planning.
However, compared to Lead-DBS, they
present several limitations: they typically
do not support advanced tractography,
do not allow for custom connectome
modeling or MNI-space analysis, and are
closed-source, meaning they cannot be
freely modified or extended for research
purposes.

CONCLUSION

Neuroimaging techniques have become
integral to the comprehensive manage-
ment of DBS, providing critical sup-
port at each stage of the therapeutic
process. In the preoperative phase,
advanced MRI and diffusion-based
modalities enable precise anatomical
targeting and allow for the assessment
of structural connectivity, facilitat-

ing individualized, symptom-specific
treatment planning. Intraoperatively,
imaging modalities such as intraopera-
tive MRI and computed tomography
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Use of the Lead-DBS toolbox in the process of postoperative electrode visualization and VTA calculation: (a) preoperative T2 weighting MRI;
(b) preoperative T1 weighting; (c) postoperative CT; (d) preoperative image coregistration; (e) normalization; (f) 3D electrode visualization

(g) VTA calculation

PouZitie nastroja Lead-DBS v procese pooperacnej vizualizacie elektrod a vypoctu VTA: (a) predoperacné T2-vazené MR; (b) predoperacné
T1-vazené MR; (c) pooperacné CT; (d) korigovanie predoperacnych snimok; (e) normalizdcia; (f) 3D vizualizdcia elektréd; (g) vypocet VTA

enhance the accuracy of electrode programming significantly improves the  toward network-based neuromodula-
placement and reduce procedural efficiency and efficacy of stimulation. tion, with the potential to optimize
variability. Postoperatively, the use of The ongoing integration of structural clinical outcomes and further personal-
imaging for electrode verification, com-  and functional connectomics into DBS ize therapy. ®
plication screening, and image-guided workflows represents a paradigm shift
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