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‘Eva vynAne évtoong (2-2,5 Tesla) kot pukpne ddpxeioc (100us)
HoyvnTikd meoio epopuoletal pEcm mNVIiov o100 TPLY®OTO TNG
KEPOANG KO ETAYEL NAEKTPIKE PEVUATO GTO PAOLO TTOV UTOPOVV VA
OLEYELPOVV M VO OVOGTEIAOVV KUTTOPIKEC OUAOEC QUEGH T UECH
OLAUECHV VELPDOVOV.
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3 Induced current in brain

Hallett M., 2007






Métpnon 1ov GuvoMKoL ¥pOVoL LETAdOONG TOV Epebicuatoc
oo TO KIVITIKG KOTTOPU TOL PAOL0V GTO LUV-GTOYO



METPHXH TOY HHEPIOEPIKOY KAI KENTPIKOY

KINHTIKOY XPONOY
INEPI®EPIKOX KINHTIKOX KENTPIKOX KINHTIKOX
XPONOX XPONOX
[O xpOvog petddoong Tov gpediopotog [O ypdvog petddoong tov gpediopotog
amd to KOTTOPO TOV TPochimv amtd To, KIVNTIKA KOTTOPO TOL PAO100
KEPATOV UEYPL TOV HV-GTOYO 1 OO LEYPL TOL KVTTOPO TOV TPOSHicv
TNV KNtk pilo Lexpt 1ov pu-6toyo] KEPATOV |
1. Kopo-F Kevtpikog Kivntikog ypovog =
2. Epebwonog piCoc GUVOMKOG YPOVOS (PAOLOG-pVC)

HLELOV TOV TTEPLPEPIKO KIVITIKO
APOVO



T1= total motor
~— conduction time

_ peripheral motor
— conduction time (1)

Root stimulation (b)

M= terminal latency
F= F-wave

F+M-1  peripheral motor

Ulnar n. stimulation — o conduction time (2)

T1-T2= central motor conduction time (1)

F+M-1
T1 - ———— = central motor conduction time (2)

2




Merpnon tov KKX tov
BoABoonpayy®moovg pe
YPNCILULOTOINGT) TOV
TEPLPEPIKOV YPOVOL Pilo-Uvg

Métpnon tov KKX tov Bpay.

KOUTTI| PO TOV UEYAAOL
OOUKTVUAOVL LE YPNOLUOTOINCT
TOL KOpotog-F

CMCT=28.6ms
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Kataypoaen amd tov Bpoyd amaymyo Tov avtiyelpa



MEG®OAOI AIEPEYNHXHX THX
AIETEPXIMOTHTAX KAI ANAXTOAHX TOY
KINHTIKOY ®AOIOY

Ov0o0¢ (01€yEPOTNE) TOV KIVITIKOD PAOLO0V

AOY0G TOL VYOLE N TOL OAOKANPOUATOS TNG LWVTKNG
ATAVINGNC UE EPEDIGUO TOV PAOIOV TTPOG TNV OTTAVTNON LE
epebiond tov mepipepikov vevpov (MEP/M)

21OTNAN TEPT000C

AmMuceaipikn] (O10UeGOAOPLOKT)) AVOGTOAN

A€yepon N1 avaoToAn peE OTAO (OUOTAELPO) N
GLVOLOGUEVO (QUPOTEPOTAEVPO) EPEDIGLO
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MEGOOAOI ITIAPATETAMENHX METABOAHX THX
AIETEPXIMOTHTAX TOY ®AOIOY

Table 1. Summary of Noninvasive Methods for
Excitation and Inhibition

Method Excitatory Mode Inhibitory Mode
rTMS  high frequency, =5 Hz low frequency, 0.2-1 Hz

TBS intermittent continuous

tDCS  anodal cathodal

PAS synchronous asynchronous
heterosynaptic heterosynaptic

stimulation stimulation

Hallett M., 2007



AITTAOZ 2YNAYAXMENOXZ EPE®IXMOX

) . , Test
Eva xatdAAnio aieOntikod

epédioua (oTN cLYKEKPIUEVN pre
TEPIMTOOT), NAEKTPIKOG EPEOIGLOC
TOVL LEGOV VEVPOL) ePapudleTon
£TG1L MGTE VO GLUTEGEL Y POVIKA,
LLE TOV HayvnTIKO £pe0IGO TG
KWW TIKNG TEPLOYNG TNG AKPOC
YELPOC. 7
O 11010V TOTOL SAEITOV

epebionog ava 25ms (90 Cedyn)

TPOKOAEL TTOPATETOUEVT) AOENON ’\

NG OLEYEPCIUOTNTAG, OTTMS QTN

Qoivetot pe TV avénon Tov

vyovg tov MEP.

Stefan et al., 2000

Interventional paired
stimulation

. 90 pairs -

100 ms

Test

2mV



Dizsaases and symptoms
MS,® ALS, sirolee,® secondary parkinsonism,Z
secondary dystonia,® brain injury, SCl or C8=

MS, stroke
MS, ALS, stroke,* brain injury, SCl or
CS @ hydrocephalus, Bell’s palsy™
Large Parkingon's diseasse, dystonia™==
MEP with triple stimulation technique® Central conduction failure* MS, ALS (with upper-neuron damage), stroke,
secondary parkinsonism, brain injury, SCl or CS,
hydrocephalus
Silent pediod™ Long MS, strokeat,® brain injury,® SCI or CS, polyradiculitis,
demyelinating polyneuropathy,® epilepsy™
Short ALS, Parkinson's disease,®® dystonia,®* agenesis of
corpus callosum
Absent SClor CS®

Interhemispheric conduction™= Long latency} MS, stroke, brain injury {with transcallosal lesion), dysgenesis of
corpus callosum, hydrocephalus
Reduced interhemisphearic inhibition M3, ALS™*®
Interhemispheric inhibition absent Stroke {with transcallosal lesion), dysgenesis of the corpus callosum,
hydrocephalus
Motor cortex excitability High motor thresholdg= MBS, stroke, agenesis of corpus callosum, brain Injury, spinal cord injury, CS
Low motor threshold§ ALS,™ hydrocephalus,* epilepsy®
Increased intracortical inhibition Early-stage ALS*%#
Decreased intragortical inhibition Parkinson's disease,™®® SCl or CS, eplepsy
Endarged cortical representation Dystoniaz==

CMCTwcertral motor conduction tims; MSsmultiple sclerosis; ALSsamyotrophic lteral sclerosis; SClsspinal cord injury; GSscenical spondylosis; MEPsmotor evoled potential.
*Central conduction fallure indicates smaller size of the test MEP than that of control examined by TST. TProlonged duration with normal MEP and CMCT may be observed in the
motor syndrome with exaggerated inhibition within the motor cortex, resembling mator neglect. The latency for ranscalicsal inhibition (psilateral silert period) following single-pulss
TMS (figure 4). §High or low value of the motor threshold ndicatas that they are higher or lower compared with intact hemisphere or normal individuals.




Concurrent bilateral projection and activation of motor cortices in a patient with congenital mirror movements: A TMS study
M. Papadopoulou, K. Chairopoulos, E. Anagnostou, P. Kokotis, T. Zambelis, N. Karandreas
Clinical Neurology and Neurosurgery 112 (2010) 824-8

S CONTROL!

Corps caALLEUX. — On constate un assesz grand nombre

de corps granuleux occupant tout le deuxiéine quart de cet

Fig. 5. — Corps calleux. Coloration au Soudan.

organe en allant d’avant en arridre. Ces granulations sont
plus nombreuses vers la face sapérieure du corps eullenx.’

Patrikios J., 1918



EKTIMHXH TOY APIOGMOY, THX KATANOMHZX KAI THX
AIETEPXIMOTHTAX TQN HHYPAMIAIKQN KYTTAPQN

» NAEKTPIKO PEUMA OTO TTNVIO
-------- MayvnTIKO TTedIio
e NAEKTPIKO PEUNA OTO PAOIO




>XEXH EPEOIXMATOX / AITANTHXHX

Epebiopndc 610 onueio péyiomng mukvotntog VELPMOVEOV
LLE GTOOLKA LEAVOUEVT EVTOOT).

H avénon tov Dyovug tov MIIA eCoptator amd TNV KaTovoun
TOV VELPOVOV GTO PAOLO KoL TN OEYEPCIUOTNTA TOVC
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Epebiopndc and to enimedo Tov 0voov,
e OtadoyIKa avcavouevn, kotd 20%,
gvtaon mediov.

5 epebiopol o€ k4be eminedo Evraomc.

Plasticity differences of the motor cortex in healthy subjects with
frontal plane knee malalignment
Aikaterini E. Tsakoniti, 2014
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E€lowon Boltzmann

MEPmax

)= T exp[(E2-9) K]

MEP Size
tangent at peak slope
MEPmax}- — — — — — — —/= -
e plateau
1/2 MEPmax}— — — — — —
|
| x-intercept of tangent
I

Sso
Stimulus Intensity

Ss0 = 10 gpebicua mov mwapayet MEP ico pe 10 50% tov MEPmax.
K= mapduetpoc g kiionc. To 1/K gival evBémg avdroyo tne uEy1oTng
KMong n omoia PBpiokeTal 610 onUeio Sso TG KOUTOANC.




Relative MEP Amplitude
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B. Boroajerdi et al. / Clinical Newrophysiology 112 (2001) 931-937
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Source: Neurosurg Focus @ 2013 American Association of Neurological Surgeons

Figure 1.

Upper: The "E-field navigation" TMS system in use.
Reflective spheres are attached to the patient's head
(modified elastic headband) and to the TMS coil. The
stimulator coil is shown placed against the patient's head.
The motor output is recorded by surface electrodes
attached to the face, arm, and leg. The anatomical map of
the patient’s brain and the MEP output tracings are shown
on the computer screens in the upper left corner. Lower: A
3D reconstruction of an MRI study, navigational view,
obtained in a 63-year-old woman suffering from a mild
hemiparesis of her right side due to a tumor in the central
region of the left hemisphere. All spots stimulated with
NTMS on the left hemisphere are displayed in the left
panel. The image in the right panel displays only the spots
where a muscle response was observed (MEP > 50 pVv
peak-to-peak amplitude). Three different hand muscles
(APB, first dorsal interosseus, and abductor digiti minimi)
and 1 leg muscle (TA) were recorded. The color coding
corresponds to the intensity of the response, in which red
indicates small responses (MEP 50—499 uV), yellow
indicates medium responses (MEP 500-999 uV), and
white indicates large responses (MEP > 1000 puV). This
mapping makes it evident that the precentral gyrus has
been displaced frontally and that the center of gravity for
the hand muscle representation is located immediately
adjacent frontolaterally to the tumor. The responses close
to the midline are from the leg (TA).



Navigated Brain Stimulation for presurgical mapping and tractography







Repetitive navigated transcranial magnetic stimulation
(rTMS) is now increasingly used for preoperative
language mapping in patients with lesions in language-
related areas of the brain.

J Neurosurg 2015;123:212



» Presurgical planning with NBS enabled execution of a more aggressive
surgical strategy in more than 75% of the cases. 2

» Localization of motor function by Navigated Brain Stimulation was a
key element in the decision to resect rather than biopsy. 1

» The confidence in anatomical location of motor elogquent tissue
potentially offers the capability to deploy less extensive DCS, leading to
significantly smaller craniotomies. 12

» NBS as an adjunct to DCS, results in a 35% increase or greater in the
rate of gross total resection. 12

» Presurgical mapping with NBS led to more complete resections
resulting in a seven month (45%) extension in progression free survival
in low grade gliomas (p=.05). 2

1. Preoperative motor mapping by navigated transcranial magnetic brain stimulation improves outcome for motor eloquent lesions .
Krieg SM, Ringel F, el. al Neuro-Oncology. 2014 Feb 9.

2. Navigated transcranial magnetic stimulation improves the treatment outcome in patients with brain tumors in motor eloquent locations.
Frey D, P Vajkoczy, T Picht, et. al Neuro-Oncology. 2014 Jun 12.



