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Variability of safety in glioma surgery: 2-25% depending on ...

Reporting of clinical status and complications in surgical series

Patient’s health and neurological status preoperatively (severity and duration of deficit)
Tumour location and degree of infiltration '
Surgeon’s experience, expertise and surgical dexterity

function

function
function



* resecting the imaging defined tumor is resecting functionally intact,
albeit diseased brain tissue
* diseased brain extend beyond imaging defined tumor







Preoperative and |ntraoperat|ve tools we can trust'?
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Awdonpol xapteg eykedaAouv

* Damasio 1995 (topoypadkoc)
* Duvernoy 1991 (avatoutkoc)

* De Armond 1989 (LoTtoAoylKoc)

* Minoshima 1994 (PET)
* Avoli 1991 & Pavlovcik 1992 (nAektpoduactloloyLkoc)
* Van Essen 1983 (kukAwpata)

* Brodmann 1909
* Berger 1929
* Penfield & Boldrey 1937

* Atlas Talairach 70’s (IFG -56, +12, +32)
* Atlas Schaltenbrand/Wahren 70’s

* MNI 305

* |CBM 452







Radiological Anatomy does not reflect Functional Anatomy
« Inter-Individual variability
« Topological Tumoral distortion
 From topological approach to interlocking networks
one area correlates to one function 1:1
one area participates to different functions
and every function is served by different areas 1:multiple
Brain plasticity

Semantics

Vigneau et al., Neurolmage 2006




BRAIN PLASTICITY

Fundamental ability of the brain to change in response to
experience, learning, or disease

Playing crucial role in development and maintenance of function
Compensating structural lesions during disease and rehabilitation
Neurotransmitter receptor modifications, reorganization of axons

and dendrites and generation of new neurons and myelin (critical
mass to interact — minimizing the structural lesion)




dt

Preoperative mapping techniques determine risks of
resection and determine the need and choice of
Intraoperative mapping/monitoring modalities

Intraoperative neurophysiological techniques
define cortical and subcortical approach
and resection borders




MH ENEMBATIKEZ MEOOAOI XAPTOIPA®HZIHZ TQN AEITOYPIIQN TOY ETKEDANOY
MowiANG EVTOTLOTIKAG SLAKPLTIKAG LKAVOTNTOG

* EEG VEP SSEP MEP(TES)

* WADA test (superselective angiographic injection of amytal)

* NEYPOWYXOAOTIKEZ AOKIMAZIEZ (utepExwv nuwodaiplo, pvAun, Aoyocg,
OUYKEVTPWON EKTEAEOTLKA LKAVOTNTA,

apLOUNTIKEG TTPALELG, Kplon...)

* PET

* AEITOYPTIKH MAINHTIKH TOMOTPAO®IA

* MEG

* TMS

« DTI

« EROS (Event Related Optical Signal)

ENEMBATIKEZ MEOGOAOI XAPTOIPA®HzZHZ TQN AEITOYPIIQN TOY ETKEDAAOY

* Direct Cortical Stimulation (urtookAnpidLo MAEyua, SUTOALKO SleyEpTn)
* Direct Subcortical stimulation (ocTuAed¢ povo/SLmoALkoc)
* Direct optical signal




MH ENEMBATIKEZ MEOOAOI XAPTOIPADOHZHZ TQN AEITOYPTIQN TOY EFTKEQAAOY

* OAIKN KAAUWN TOU EYKEPAAOU

* Ogv JIAPOPOTIOIOUV ECAIPETINA ETTIKEVTPA

 Ogv atrelkovi(ouv AEITOUPYIKA TN AEUKI) ouaia

* 66% akpifeia Adyo — veupwviki/aigaTik ouleuen

ENEMBATIKEZ MEOGOAOI XAPTOIPA®HzZHZ TQN AEITOYPIIQN TOY ETKEDAAOY

* TLEPLOYLKN TTAnpodOpNoN

e Eexwpllouv pn e€QLPECLUEC KOLPLEC TIEPLOXEC

* 5 mm YwpLKA avaiuvon

* real — time (oxebdov)

* aodpaAnc (oxedov)

* Aeukn ouoia (oxedov : apvntiki xaptoypadnon cuxvotepn)
* XPOVLKOC TLEPLOPLOUOC




Somatosensory

evoked potentials

In this case following stimulation of
the tibial nerve at the ankle

THE DOCTOR WILL
SHOCK YOU
NOW




Positron Emission Tomography

* PET: Baoiletal otnv kataypadn tTng TOTUKNAC OLUOTLKAC
eykepaAlknc pongc:

— ALVETOL OTOUC CUMMUETEXOVTEC EVa pASLEVEPYO LOOTOTIO, TO OTIOLO
EKTIEUTIEL TTO{LTPOVLIAL KAOWC peTaBoAileTal

— Tlvetatl omvOnpoypadnon tou eykedpalou (yLa Tnv avixveuvon twv
rno{ttpoviwv)

o Auénuevn dpaotnplotnNTa = UENUEVN TOTILKA OLMATIKA pON = AuénUEVN
OUYKEVTPWON TOLTPOVIWY

— HAektpovikog uttoAoylotn g avaAUel Ta Sedopeva Kal TapayEL
QTELKOVIOELC TNC AsLlToupyloc Tou eykepailou ev HpAoEL

— Melovektel otn Xwplkn avaAvon (4mm) ko e€apTatol amo TNV
OLLLOTLIKA pon
- EmavaAnypotnta Aoyw padlolcoTomwy Eval OXETLKN



Glucose utilization ~ Oxygen utilization Oxygen availability

PET difference images
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F-MRI

* F-MRI: otnpieTal oTNV aucnon TNG KatavaAwaoncg Tou
OCUYOVOU OTOV £YKEPAAO yia Tn dnuIoupyia
QATTEIKOVIOEWYV TNG EYKEPAAIKNC OpACTNPIOTNTOC
— MayVNTLKO Tedio tou PoKaAel aAAOYEC OTO CWHOTIOLO TWV

ATOUWV TOU 0Euyovou
— OLTIEPLOCOTEPO EVEPYEC EYKEPAAKEC TIEPLOXEC TIPOOEAKUOUV
NEPLOOOTEPO 0EuyovwHEVo alpa (oxyHb/deoxyHb)

» 0l OIAPOPEC OTNV TTOOOTNTA TOU OEUYOVOU TTOU
KATAVOAWVETAI ATTOTEAEI TN BACN YIA TIC HETPNOEIC

» ATTAITOUVTAI ETTAVOAAUBAVOUEVEC ANWEIC KAl AOYIOMIKN
ETTECEPYOATIN



BOLD (blood oxygenation level dependent contrast)

1% -3% (0,5 — 5%)
Xpovikn avaivon ~4”
Xwpkn avaivon 1xA

1.5
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Functional MRI

Detected areas are essential and nonessential
Motor fMRI is relatively accurate vs DCS and nTMS
Detecting primary motor cortex

Language fMRI 60% sensitivity
Laterality index (dominance)
non dominant stimulation aphasia

Motor and Language fMRI are not able to 1 ':
detect essential functional areas and can be v
used only as adjunct to IOM
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TECHNIDUE AND APPLICATION

FUNCTIONAL MAGNETIC RESONANCE IMAGING-
INTEGRATED NEURONAVIGATION: CORRELATION BETWEEN
LESION-TO-MOTOR CORTEX DISTANCE AND OUTCOME

OBJECTIVE: The integration of functional magnetic resonance imaging (fMRI) data into
neuronavigation is a new concept for surgery adjacent to the motor cortex. However,
the clinical value remains to be defined. In this study, we investigated the correlation
between the lesion-to-fMRI activation distance and the occurrence of a new postop-
erative deficit.

METHODS: fMRI-integrated “func jysps
the motor strip in 54 patients. Do
tongue movements, echo-planar
quences were acquired and procg
vation, Maastricht, The Netherlan
torVision? system (BrainLAB, Hei
age, histological findings, size of |
postoperative Karnofsky index, pof
analyzed.






*=f-MRI foot area # = f-MRI hand area > = f-MRI tongue area



RESULTS: In 45 patients, a gross total resection (=95%) was performed, and for 9
lesions (low-grade glioma, 4; glioblastoma, 5), a subtotal resection (80-95%) was
achieved. The neurological outcome improved in 16 patients (29.6%), was unchanged
in 29 patients (53.7%), and deteriorated in 9 patients (16.7%). Significant predictors of
a new neurological deficit were a lesion-to-activation distance of less than 5 mm (P <
0.01) and incomplete resection (P < 0.05).

CONCLUSION: fMRI-integrated neuronavigation is a useful concept to assess the risk
of a new motor deficit after surgery. Our data suggest that a lesion-to-activation
distance of less than 5 mm is associated with a higher risk of neurological deteriora-
tion. Within a 10-mm range, cortical stimulation should be performed. For a lesion-
to-activation distance of more than 10 mm, a complete resection can be achieved
safely. The visualization of fiber tracks is desirable to complete the representation of
the motor system.
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reservation of function during surgery

for lesions in the central region is a chal-

lenge for neurosurgeons, especially in
neurologically intact patients. Surgical resec-
tion is the most effective treatment for intra-
axial tumors, whether primary or metastatic,
and patient survival and quality of life are
correlated with the extent of resection (23, 36,
48). The treatment offered to a patient is based
on the best knowledge about the natural
course, size, invasive character, and location

o4 | VOLUME 55 | MUMBER 4 | OCTORBER 2004

of a lesion as well as preexisting and expected
neurological  deficits  when  performing
surgery.

Surgery for lesions located in the central
area historically has been accompanied by in-
creased rates of incomplete resection and
higher morbidity. Cortical stimulation was in-
troduced 1937 by Penfield and Boldrey (3, 35)
to localize motor function and has become the
“gold standard” when performing surgery ad-
jacent to the motor cortex. However, it does

whwws naurasurgany-online.com
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Is Preoperative Functional Magnetic Resonance
Imaging Reliable for Language Areas Mapping
in Brain Tumor Surgery? Review of Language
Functional Magnetic Resonance Imaging and
Direct Cortical Stimulation Correlation Studies

OBJECTIVE: Language functional magnetic resonance imaging (fMRI) has been used
extensively in the past decade for both clinical and research purposes. Its integration in
the preoperative imaging assessment of brain lesions invelving eloquent areas is progres-
sively more diffused in neurosurgical practice. Nevertheless, the reliability of language
fMRI is unclear. To understand the reliability of preoperative language fMRI in patients
operated on for brain tumors, the surgical studies that compared language fMRI with direct
cortical stimulation (DCS) were reviewed.

METHODS: Articles comparing language fMRI with DCS of language areas were reviewed
with attention to the lesion patholegy, the magnetic field, the language tasks used pre-
and intraoperatively, and the validation modalities adopted to establish the reliability of
language fMRI. We tried to explore the effectiveness of language fMRI in gliomas.
RESULTS: Nine language brain mapping studies compared the findings of fMRI with those
of DCS. The studies are not homogeneous for tumoer types, magnetic fields, pre- and intra-
operative language tasks, intraoperative matching criteria, and results. Sensitivity and
specificity were calculated in 5 studies (respectively ranging from 59% to 100% and from
(0% to 97%).

CONCLUSION: The contradictory results of these studies do not allow consideration of
language fMRI as an alternative tool to DCS in brain lesions located in language areas,
especially in gliomas because of the pattern of growth of these tumors. However, language
fMRI conducted with high magnetfields is a promising brain mapping tool that must be
validated by DCS in methodological robust studies.

KEY WORDS: Direct cortical stimulation, Functional magnetic resonance imaging

Neurosurgery 66:1132-120, 2010 DOk 10,1 237/01 NEUOD 036039 2.1 54 50.09 wwaw.neurosurgery-online.com

he goal of surgical resection of brain tumors spheric primary and secondary rumors involving
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Is Preoperative Functional Magnetic Resonance
Imaging Reliable for Language Areas Mapping
in Brain Tumor Surgery? Review of Language
Functional Magnetic Resonance Imaging and
Direct Cortical Stimulation Correlation Studies

OBJECTIVE: Language functional magnetic resonance imaging (fMRI) has been used
extensively in the past decade for both clinical and research purposes. Its integration in
the preoper-=-—~ - —"=—------— - £k - - nyelving eloquent areas is progres-
sively more theless, the reliability of language
fMRI is uncl yerative language fMRI in patients
operated on ompared language fMRI with direct
cortical stim

METHODS: 'S oflanguage areas were reviewed
with attenti field, the language tasks used pre-
and intraop opted to establish the reliability of
language fiv flanguage fMRI in gliomas.
RESULTS: M. _ . oo e, - - ared the findings of fMRI with those
of DCS. The studies are not homogeneous for tumoer types, magnetic fields, pre- and intra-
operative language tasks, intraoperative matching criteria, and results. Sensitivity and
specificity were calculated in 5 studies (respectively ranging from 59% to 100% and from
(0% to 97%).

CONCLUSION: The contradictory results of these studies do not allow consideration of
language fMRI as an alternative tool to DCS in brain lesions located in language areas,
especially in gliomas because of the pattern of growth of these tumors. However, language
fMRI conducted with high magnetfields is a promising brain mapping tool that must be
validated by DCS in methodological robust studies.

KEY WORDS: Direct cortical stimulation, Functional magnetic resonance imaging

Neurosurgery 66:1132-120, 2010 DOk 10,1 237/01 NEUOD 036039 2.1 54 50.09 wwaw.neurosurgery-online.com
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CORRELATION BETWEEN PREOPERATIVE 3T fMRI/
INTRAOPERATIVE STIMULATION: LANGUAGE

Kuchsinski et al., Neurology 2015

Sensitivity = 37.1%

Specificity = 83.4%



fMRI studies should not be expected to match with
Direct Cortical Stimulation

« Mapping different biological process (BOLD vs neural activity)

« Different physical signals (NMR vs electrical impedance)

« Distinct experiment designs (observation vs direct
experimental manipulation)

fMRI studies should be considered complimentary to other
brain mapping techniques, monitoring plasticity




MAeovekTApATA AEITOUPYLIKNAG HAYVNTIKAG TOpoypoadiac

* UTLEPEXWV NULODALpLO UNn EMEUPATIKA

e adpn ektipnon pAoLikwv epLloxwv Aoyou

* 100% gvaloOnoia kot e€eLOIKELON OTOV KLVNTLKO KOl OTTTLKO PAOLO
* EVOWMATWVETAL N €€€Taon otn dtayvwotikn dtadkaoia

* UPNAN YWPLKN avaAuon

* TAnBwpa Aoywopikwy 1,5 Tesla (3 T)

MelovekTAMATA AEITOUPYIKAG HAYVNTIKG TONOYPA®IaG

* ATTAITEI TN OUVEPYOAOia TOU £§eTalOpevou (NAiKia, eTiTred0 ouveidnong)
* XPOVIKOIi TTEPIOPICHOI

* KAgioTOQORia

* METOAAIKEG TTPOBECEIG

* ooapd VEUPOAOYIKO EAAEINpO

* d1adIKaoia avaAuong oRUATOG (NAEKTPOVIKOI UTTOAOYIOTEG)

* ATTOKAEIOTIKE TTAnpO@Opia yia TOV @AOIO




AEITOYPTIKH MAINHTIKH TOMOIPA®IA ANANAYZHZ
Resting State functional MRI

e dev anauteital n cuvepyaoia tou €etalOpevou

e dev {ntovvtau napadeiypata ovute xopnyouvtat epediopata

e aviyvevon xopunAng cuxvotntag <0,1 Hz SLAKUNAVOELG TOU
onpatog BOLD otov nnpepo eykédpalio

® OUYXPOVILOUEVEC SLOKUUAVOELG OE AELTOUPYLKA OHLOLEG TLEPLOXEG

e AELTOUPYLKN ocuVdESLHATNTA




Resting State Functional MRI rsfMR

Language

%

Auditbry Visual Default mode




Resting State Functional MRI rsfMR

Blood oxygenation level-dependent imaging
Observation of networks at rest

Rapid whole brain mapping (vs regional task fMR)

Identification of higher-order networks (not only primary cortices)
Compliance independence (presence of neurological deficit)
General applicability (children or anesthetized patients)

In Neuro-Oncology accuracy of primary cortices vs DCS
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Comparison Between Resting State fMRI
Networks and Responsive Cortical Stimulations
in Glioma Patients

1234 2.2 24,56 o 13
Jerome Cochereau, Jeremy Deverdun, Guillaume Herbet,

Céline Charroud,* Anthony Boyer,”’ Sylvie Moritz-Gasser,'”
Emmanuelle Le Bars,>*® Francois Molino,”® Alain Bonafé,2*"*
Nicolas Menjot de Champﬂeur,l}""é and Hugues Duffau"’

Cochereau et al., Hum Brain Mapp 2016

- Sensorimotor stimulation points of
96+11% were located within 10 mm
from sensorimotor ICA maps versus

-3.1% and of resected cortex
overlapped sensorimotor and
, respectively




« resfMRI offers whole brain mapping of
multiple functional connectivity networks
« consultation of patient, indication for awake,

tailoring intraoperative tests

Longitudinal studies combined with neuropsychological
examination could lead to optimization of

rehabilitation strategies according to network derangements




MAGNETOENCEPHALOGRAPHY

Cortical Activity during Hand Movement

Contralateral Hemisphere Ipsilateral Hemisphere




MAITNHTOEITKE®PAAOIPADIA

* AviXveUegl HIKPRAG EvTaong HayvnTIKA Tedia TTou dnJioupyouvTtal atro
avaAoyng EvTaong NAEKTPIKA PEUHATA EVTOG TWV VEUPWVWYV KATA T
OpaCTNPIOTNTA TOUG

* dIEPEUVNON £0TIAG ETTIANTITIKAG OpaOTNPIOTNTAG

* PAOIIKEG TTANPOPOPIES

* KEVTPIKN TTEPIOXH, OKOUOTIKA N} OTTTIKA £pefiopaTa, AOyog

* 1- 2,5 wpeg o€ OWPAKICHEVO XWPO, 80 eTTavaAnyweig/péco 6po

* ouvOUa{OHEVN ME OOMIKA MOYVNTIKE TOHOYpO@ia KaAgiTal
magnetic source imaging

* Imsec, 2mm

* KOOTOG, EPEUVNTIKA KEVTPA
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MAGNETOENCEPHALOGRAPHY

Limited access, supraconductive sensors,
magnetically shielded environment

Detection of magnetic fields produced by neuronal
currents

Coregistration with anatomical MRI

Primary auditory, visual, language, motor
motorMEG vs nTMS vs DCS relibility 2,1-4,7mm
languageMEG less reliable




F- mri Adyou MEG Aoyou






2TOXEVUHMEVOG Alakpaviakog MayvnTikog EpeBiouog
Navigated Transcranial Stimulation

* AuEon ouvdeon dIEYEPONG KAl ATTOTEAECUATOC
* KOTAAANAN p€BodOC OTav aduvauia Asitoupyikic MT
e guoxéTion eoTiwv NTMS — DCS 7.83 +/- 1.18 mm

5 mm (0-7mm)










nTMS

Transcranial magnetic field produces a cortical electrical

field and then neuronal activation or inhibition

Integration of TMS in the navigation system made available

for preoperative cortical mapping

Differentiates essentials from non-essentials cortical areas
(resectable vs non-resectable)

motor_nTMS vs DCS 1,1-14,8mm

Low cost and ease of use, both increased popularity

Data increase EOR when used as preoperative planning
Language_nTMS is demonstrating increasing accuracy vs DCS
For speech monitoring awake is needed




MH ENEMBATIKEZ MEOGOAOI XAPTOTPA®HZHZ TQN AEITOYPIIQN TOY EFTKEQAAOY

* EEG
* WADA test
* NEYPOWYXOAOTIKEZ AOKIMAZIEZ (umtepExwv nuiodaiplo, pvriun, Aoyog,

OUYKEVTPWON EKTEAECTLKA LKOVOTNTA,
apLOUNTIKEG TTPAteLg, Kpion...)

* PET

* AEITOYPIKH MAITNHTIKH TOMOTIPA®IA
* MEG

* TMS

* DTI

« EROS (Event Related Optical Signal)




Diffusion Tensor Imaging — Tractography

« Pure anatomical study with none functional relevance
« Internal drawbacks with crossing fibers, cortical endings and
oedema/tumor invasion
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* ATTEIKOVION £COPTATAI ATTO UTTOAOYIOTIKN EuaicOnaoia
* OTAV OIOCTAUPWVOVTAI TO OEPATIA XAVETAI N EUKPIVEIQ

* Oev aTtreikovidovTal KAAG ol TEAIKEC AaTTOANCEIC TwV OEUATIWY OTO PAOIO
» Ogv gival AEITOUPYIKIK) ATTEIKOVION




J Neurosurg 107:488—494, 2007

Accuracy of diffusion tensor magnetic resonance imaging
tractography assessed using intraoperative subcortical
stimulation mapping and magnetic source 1maging

JEFFREY 1. BERMAN, PH.D.,'* MiTCHEL S. BERGER, M.D.,} Sun¢ WoN CHUNG, M.D.,'*
SRIKANTAN S. NAGARAJAN, PH.D.,'2 AND RoLAND G. HENRY, PH.D.12

Departments of ‘Radiology and *Neurological Surgery, University of California, San Francisco;

and *University of California, San Francisco/University of California, Berkeley, Joint
Bioengineering Graduate Group




8,7 +/- 3,1 mm SD

5mm nTMS
66% f-MRI




O1 un enepPatikéc HEBOOOL YaPTOYPAPNONE EXLTPETOVY

TOV KOOOPIGUO TNG EMKIVOLVOTNTOG Mg emEpPoonc 6Tic
Kploec meptoyec. ZouUPAAAlovy 6T ANYn TN¢ amoPUoNS Kol
GTO GYEOAGUO NG enEuPaocng

-H poyvntikn oev CexmpiCel amayopeVTIKES OMO GYETIKA
amayopevTikeg TePloyEc (SMA) mov Oempodvtal e€aipEoiueg
-amOAELN EVOGONGIOGC GE OPIGUEVEC AEITOVPYIEC
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central central
Gyrus Gyrus

Middle
Temporal Gyrus

® OTTLKEC LOLOTNTECG EYKEDPAAOU

® CUVOEETAL LLE TNV QLUATLIKA pon

* xotnAoU KGOoTOUG

* TIEPLOPLOMEVNG EKTOLONG

* OIOKAELOTIKA PpAoLiKA

e transcranial near infrared imaging




e IloAd teyvikn mov avalommupmdnke
*  Apykd xepovpyiKn e EmANyiog
e XNUEPO EMEKTAOMNKE KOl GTN YEYPOLPYIKN VEVPO-OYKOAOYid

A¥Yo Bacikéc neboooAoyiec:

1. Apykn tomofETnon vTooKANPOIMV TAEYUOTOC NAEKTPOOIWMV
Kot kOAOVOEL TEPIOOOC LAKPOYPOVIAC PAOUKNC YOPTOYPAPTONG
2. AeyyelpnTikn OEYEPGCT TOV PAOTIOV KO TV VITOPAOIDODV OOUDV







(+) Iepropiouog ypovov, tavtoypova HED
(-) AmoxAeloTiKA QAO10C, Kivovvol dumAng eméuPaong 4%

LETEYYEIPNTIKN UNVIYYiTIOW, opoppayio, otonuo,
LETAKIVIION NAEKTPOOI®V




(+) avavTIKaTAGTATOS PAOLOG/AEVKT OLGIN AVA TAGH GTLYUN
KWV TIKT 000C LTO YEVIKT] avalcOnoia
AOYOC, aleBnTikdTnTa, Opao,
aplOuUNTIKES TPAEELS, OMTIKOYMPIKN IKAVOTITA
VIO TOTIKT avoucOncia













MOTOR SYSTEM STIMULATION

« Mapping (cortical/subcortical): low frequency 50-60Hz stim
high frequency train of five stim

monopolar or bipolar

Bipolar low frequency for cortical mapping
Train of five monopolar best option for subcortical CST

Safety margin 1-3 mA

« Monitoring: trascranial or cortical MEP (train of five stimulation)
recording extremity electromyography

evaluation of amplitude >50% and latency changes

reversible MEP declines of <50% predict temporary

motor deficit, rarely event irreversible (usually vascular)

The warning function of MEP is limited but the predictive value
for motor outcome is great.




LANGUAGE NETWORK STIMULATION

Right handed patients with left hemisphere persylvian tumor
awake surgery (no other mapping method is reliable)
Reproducible technique, high variability of speech spots,

low failure rate (seizure)

Bipolar, low frequency, biphasic current 1-6 mA

Counting, naming, repetition, reading

Concurrent electrocorticography to exclude language impairment
from focal seizures




Cortical parcellation system (Corina 2010)
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Cortical parcellation : functional

Movement Movement
(init/prepar/ (init/prepar
monit) /monit)
Language Language
initiation initiation

Mm

Enc/Stor/Retr

Mmr Semantic
Enc/Stor/Retr association

Facial emotion



Cortical parcellation: testing

Sentence Sentence
completion completion
FS Fluency Fluency

Writing Reading Writing Reading

E.

i

—
W

—

picture naming nonverbal
complex task viuals-verbal
Cross-modal
viuals-verb

o







NMAHPO®OPIEZ AINO DCS ZE PAOIIKO ENMIMEAO

* QUUTTANPWHMATIKI KIVATIKI TTEPIOXN
* KATW PETWTTIAIO EAIKA
* OTTIO0I0 TUAMA TNG AVW KPOTAPIKAG EAIKAC
* HETWTTIQIQ TTEPIOXT OPOAAUOKIVAONG = TTPOCOXN
* APIOTEPN TTPOKIVNTIKA TTEPIOXN + TTPOCBIa Vviioo = dpBpwon
* ApPIOTEPN YWVIWAN EAIKA = apIOUNTIKOUC UTTOAOYIOHOUC
* TPIYWVIKA Yoipa TNG KATW PETWTTIAIOC EAIKAC +
OTTiIoB010 TUAMA TNG NEONG METWTTIAIAC EAIKOC = oUVTOEN
* APIOTEPOC PAXIAIOG/TTAAYIOC TTPOUETWTTIAIOS PAOIOC +

ApPIOTEPEC OTTIOBIEC KPOTAPIKEC TTEPIOXEC= KPioT, AWEIC ATTOPACEWV

* 0€IA uTTEPXEIAIOG EANIKO + DECIEC OTTIOBIEC KPOTAPIKES TTEPIOXEG

= OTITIKOXWPIKN IKAvOTNTA




NMAHPO®OPIEZ ANO DCS : YNIO®AOIQAH AEMATIA

* APIOTEPO TOCOEIDEC DEPATIO = PWVOAOYIKI) ETTECEPYATIT
* APIOTEPO AVW ETTINAKES BEUATIO = APBpwon Kal epyalouevn HVAMN

* APIOTEPO KATW PETWTTO-IVIOKO DEPATIO = ONUACIOANOYIKI) ETTECEPYATIT

* OCI0 AVW ETTIMAKEG DEPATIO = OTTTIKOXWPIKK IKAVOTNTA

= TTPOCOXN

= Kpion

= QUUTTEPIPOPA



White Matter Tracts projected on
Cortical parcellation system
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“Subcortical parcellation” : anatomical (Catani)
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ATIO TO HOVTEAO TWV KEVIPWV Kol LOVOOPOUWV
OUVOECEWV TIEPACAE OTO LLOVTEAO TWV
OUYXPOVLIGULEVWYV VEUPWVLKWV KUKAWUATWVY HE

oL piOPOMEC CUVOETELC KOl TAUTOXPOVNG
OUMMETOXNC TTOAAWV TIEPLOXWV TOU EYKEDAAOU
AEITOYPTIKH ANATOMIKH TOY AOIOY




® KolAtokn 6nUaGLOAOYLK
OmnioBlec/avw KpoTAPLKEC-UETWTTOKOYXLKES TIEPLOXEC, KATW UETWTIO-LVIAKO SEUATLO
BAGBNn mpokaAel onpacloloyikn mapadacia
Katavonon mpotaong




@ Paylaia pwvoloyikn 060¢ — 2 napaAAnAot odol

OnioBa/avw KPoTadLKN- KATWTEPO BPEYHUOTIKO- KATWTEPO TUNHO LETWTTLALA,
MUpw Ao TN voo - Tofoeldec depatio (Eow turpoa SLF)
BAAPn npokaAei dwvoloylkoU mepLlexopEvou napadaoia




* 060c¢ katavonong (mMAdylo Avw EMUNKEC SEpATLO)

napAaAAnAa Ko TIAQyLaL aTto TO TOE0ELOEC HEUATLO, LEOW TNC UTIEPXEIALOG
EALKOLC

onicOo TuRpa: onioOla KpotadLKA PE KATWTEPA BPEYUATIKA, OULUETOXN
oTNV Katavonon tou Adyou (Stakplon cuAAaBwv Kal avoyvwplon)

CUMMETOXNA O0TNV Bpaxeio pvAun
KUokAwpo apBpwonc

nEocoLo TuRpa: Broca — kAtw Bpeypatikd, StatapaxeC apbpwonc, EWC
avapOpla

YTiepXelALlOC — KATWTEPN LETWTTLOLA, TTAQYLO TULAMA TNC VW ETILUNKOUC OELL.




YrodpAowwdn Aspatia oxeTtl{OMEVA LE TOV AGYO

® KotAlakn onpoctoAoyikn 060¢ - IFO

® Payiaia dwvoAoyikn 0d0c¢ - AF

® 080¢ katavononc - SLF

® KuokAwpo apOpwonc - SLF

® KEVTle()C éAEV)(OQ (mpoypappatiopd, emAoyn, avaoctoAn

YriopeooAoBLo depadtio (pAotopaBdwtoc EAeyxog)
Iveg TNC €ALKOLC TOU Mpwoaywyiou kot tn¢ SMA nopelovtal AdyLa amno
TN Ywvia Tou PHETWTTLAioU KEPATOG KAl KATAANYOUV 0ToV KEPKOPOPO Ttuprva

BAAPN oto depadtio mopkaAel dStatapaxni otnv Evapén tou AOyou Kol 0TNV TPOETOLHaoL
TWV QTP ALTNTWY CTOUOTIKWY KV OEWV EVW OTOV KEPKODOPO TTUPHRVO TIPOKAAELTAL
EUMOVA OTNV KaToVopaoia ELKOVWV

® TeAkn 000¢ eKTEAEONC

‘Eow 1/3 tng mepLkolALaKnC AEUKNG OUCLaC 0TO CWHA TWV TIAAYLWV KOWALWV
Katw amo tov altocOnTtikokivnTtikd ¢pAoLO TOU OTOUOTOC

BAAPn npokaleil SuocapBpia (060¢ amapaitntn yLa TNV EKTEAECN TNG Kivnonc)
ZUHPETEXOLUV MpoKVNTIKOC PAOLOC, TtpooBLa vriiooc, pakoeLldNC TUpAVAC



SPATIAL AWARENESS




H avaAuon (81 €peuvec pe fMRI, PET, EEG, MEG, TMS)

QTTOKOAAUTITEL TIEPLOXEC TIOU EUTIAEKOVTOL OF

OUYKEKPLUEVEC YVWOTIKEC SLadLKAOLEC KATA TNV Ttapaywyrn Aoyou

¢ EvvoloAoykn ipostolpacio kot emtthoyn Aé€swv/onpaciwv

® To LECALO TUAMO TNG OLPLOTEPNG LEONC KPOTAPLKAG EALKOLG




¢ Eupeon Ae§kn g popdng (Ae€ikou pwvoAoyikov
KwSLKo)

* MNiow Kot Avw Kpotadkn EAKa Kat HEon KpotadLki
€Aka (meploxn Wernicke)

¢ EvvoloAoyikn tpostolpacia kat emthoyn Aé€swv/onpaoctwv

¢ To LECALO TUAMOA TNG APLOTEPNG LEONG KPOTAPLKAG EALKOLG



¢ Eupeon Ae§kn g popdng (Ae€ikou pwvoAoyikov
KwSLKo)

e Qwvntikn KwWdKomoinon Kat
ApBpwon e OnioOwa kat avw Kpotadikn EALKa Kol HEon Kpotadikn
€Aka (meploxn Wernicke)

*JUAAOB¢
(meproxn

¢ EvvoloAoyikn tpostolpacia kat emthoyn Aé€swv/onpoaoctwv

¢ To pecaio THAMA TNG HEGNG KPOTAPDLKNAG EALKOG



¢ Eupeon Ae§ikng popdng (Ae§kou pwvoAoyikov
Kwdika)

e Qwvntikn Kwdikomoinon Ko

eJuAAaBonoinon

(meproy]

N
Jeciplto-frontaPfasciculuss

~ ‘\\

\ / \

) et/ =
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¢ Evvololoyikn tpoetolpacia ko emtthoyn Aé§ewv/onpaociwv

® To pECALO TUAHA TNG HEONG KPOTAPLKNG EALKOLG
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ANATKAIOTHTA THZ XAPTOIPA®HIHZ TOY ETKEDAAQY

* ENIZTHMONIKH ANAZHTHZH (cognitive neuroscience, social neuroscience)

* ANOKATAZTAZH BAABQN - NPOINQzZH

* BEATIQZH NPOZEITIZHZ - OEPANEIAZ

* TPONOMNOIHZH THZ AEITOYPI1AZ

* YNEPOXH HMIZDAIPIOY

* KINHTIKH OAO2

* AIZOHTIKH OAOz

* OMNTIKH OAO2

* AKOY2TIKH OAOz — ANTIAHWH MOY2zIKHz
* \Oloz

* MNHMH

* 2YTKENTPQ2zH, MAOHZH, KPIzH ...







Real-Time Deformable Registration for Image Guided
Neurosurgery and Image-to-Mesh (12M) Conversion
Technologies







ICT Workflow:

Intraop CT Deformed MRI



Prospective studies to reach higher levels of evidence
Cognitive mapping should be further investigated
Mapping tools should used for plasticity decoding
Knowing the limitations of surgical tools ...




* eEYKEQPAAOG OEV gival Hiad CUCWPEUOT ECEIDIKEUPNEVWYV KTTAYWHEVWV» KEVTPWYV

* OUVTOVIOHEVO Opyavo PJE ouvdEoElg (conection — conectome)

* @AOIIKA AEITOUPYIKA ETTIKEVTPA YIA TNV idla AEITOUpyia

* UTTOPAOIWDOEIG OUVOEDEIG DIAPOPNS KATEUOUVONG (TOTTIKEG, HOKPEG, KABETES, ETEPOTTAEUPEG)
* CUVTOVIOMEVN Opdon

* one-one , one-many, many-one

* plasticity oégia - xpovia




EvkepaAikn) BAABN evtog AELTOUPYLKNAC TIEPLOXAC
MovtéAlo Tpomou Asttoupyilag Tou eykepalou €xeL petaPAnBel
Arntapaditntn n yvwon twv peBodwv xaptoypaddnong Kat to opLa

Mpoeyxelpntikeg peBodol dev amodadnvilouv TNV EEALPECIUOTNTA TAMOTOG

Tou Siktlou, Opwc kKaBopilouv tn dleyxelpntikn peBodoloyia

O ApECOC NAEKTPLKOC EPEBLOUOC TTOPAEVEL N TILO a€loTiotn HeEBoaodocg xaptoypadnong
H ouvbuaoTtiki mpoogyylon e€aodalilel BeATiwon TOU AMOTEAECUATOC







