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Unser Konzept

Wir verwenden ein multidimensionales, klinisches, wissenschaftliches und
technol ogisches K onzept:

* Ein grundiegendes Verstandnis der M echanismen der erwéahnten
Hirnfunktionsstorungen: die thalamokortikale Dysrhythmie.

 Diequantitative Elektroenzephalographie (EEG) fur die pre- und
postoperative Beurteilung dieser Dysrhythmie.

» Einsaektives, regulierendes/schonendes Konzept der Behandlung der
Dysrhythmie.

* Einelntegration der menschlichen psychemotionellen Dimension.

 Dieinzisionlose transkranielle M R-gesteuerte Hochenergie fokussierte
Ultraschalltechnik fir eine non-invasive Intervention mit hochst
signifikanter Risikoreduktion und erhohter Genauigkeit.






nd Riechert 1959

From Hassler a



ralimbic areas
b B A oo
as 1t
0 ModbIity-specific funimodal)
associatjon, area:
@ idiatypic (primary/ areas

Mesulam, Principles of Behavioral Neurology 1985



SOMATOSENSORY | | SOMATOSENSORY
CORTEX CORTEX
s s

| VENTRAL POST. VENTRAL
| INFERIOR POSTERIOR
| NUCLEUS NUCLEUS




amygdala

periaqueducia
gray

reticular formation




N /II ‘\. T

\

— H

174 a1 =109 bursts ‘é‘.' y=-1.3515Ln(x) + 4.4048
—-Es {  n2=413 intervals . R'= 09712
= 1 2
1} Al
. :

] 31
g 1 'gz- °
; : 1
Thadd

12345 s 1234567 M
IS1 Ordinal Number of ISI / Burst

T




Jeanmonod et al.
Neuroreport 1993



: : ain patients
pain patients pain patien

o

o 0 o

o

% 4 0 healthy controls

o healthy controls 0
Y 5 10 15 20 25 6 7 8 9 10 11

Frequency (Hz)
A Discriminant analysis:
_ _ 87% correct
Sarnthein et al., Brain 2005




Stern et al. NeuroImage 2006
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123 The Central Lateral

Thalamotomy for Neuropathic

Pain

D. Jeanmonod - A. Morel

Introduction

Head and Holmes postulated in 1911 the exis-
tence of an “essential medial thalamic centre,”
localized medial to a pain-generating lesion
in the thalamic ventroposterior (VP) nudeus,
and responsible for the pathogenesis of central
pain [1]. This centre was thought to be expo-
sed to a decreased inhibitory influence from
thalamo-cortico-thalamic loops. A generation
of abnormal impulses in VP and their amplifica-
tion in a reverberating circuit between lateral and
medial thalamic nuclei were also proposed in the
seventies by Sano [2]. Furthermore, the medial
thalamus has been known for years to be an
amplifier/synchronizer for low electroencephalo-
graphic (EEG) frequencies [3].

From thebeginning of stereotaxy in the fifties
and in contrast to all other lesional surgeries,
medial thalamotomies against neuropathic (syn-
onym: neurogenic) pain were recognized as pro-
cedures with low complication rates and absence
of risk for the development of iatrogenic pain
manifestations. They were shown to bring pain
relief to all body localizations, and that with-
out producing somatosensory deficits. Although
cases with total and stable pain relief were pub-
lished, recurrence of the original pain, partial or
complete, was frequent [2,4-10]. These observa-
tions were commonly reported, but many studies
were relatively small and included inhomoge-
neous pain patient populations.

These data provided us with the necessary
basis and incentive to pursue the medial thalamic

T Springer-Verlag Berlin/Heidelberg 2009

path, with the goal to re-actualize this promis-
ing therapeutic option on the basis of newly
developed anatomical, physiological and techni-
cal tools.

Other reports of our experience in this field
have been published elsewhere [11-16].

Anatomical Basis

The role of the medial thalamus in pain, in par-
ticular the intralaminar nuclei, has long been
recognized and related to motivational-affective
aspects through its afferent connections with
the spinothalamic (STT) and spino-reticulo-
thalamic (SRTT) tracts, and efferent projections
to pain-related areas in associative and para-
limbic cortical domains. This so-called “medial
pain system” has been in the past the target for
surgical interventions in patients with chronic,
therapy-resistant neuropathic pain. These targets
were mainly located in the caudal intralaminar
nuclei (Centre Médian/Parafascicular complex
[CM/Pf]), central lateral nucleus (CL), posterior
complex (POC) and in the medial pulvinar
(PuM) [2,6,8,9,17].

The present account on the anatomy of
the posterior part of the CL (CLp) as a surgical
target for neuropathic pain is based on recent
multiarchitectonic studies and integrates the
nucleus in a large thalamocortical (TC) network
responsible for the multiple sensory, cognitive
and affective components of the neuropathic
pain condition.

Textbook of Stereotactic and Functional Neurosurgery
(2009), Springer, Eds. L ozano, Gildenberg and Tasker




Group of N=96 patients, mean follow-up 3 years 9 months
Satisfactory to complete (50-100%) pain relief in 53% of the patients

75-99%
1-24%

50-74% 25-49%

Jeanmonod et al., Thalamus and Related Systems 2001
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FIGURE 1. Plots of the significant mean differences and standard deviations observed in the patients with chronic pain in
comparison with the test’s norm or in the comparison between baseline and follow-up. FLS, Frontal Lobe Score; BDI, Beck
Depression Inventory; FEEL, Facially Expressed Emotion Labeling test; Eyes, Eyes Test; STAXI_AO, State-Trait Anger Inventory
Anger out; FPI_GES, Freiburger Personality Inventory_bealth concern. *(light gray asterisk) P << .05, *(dark gray asterisk)
significant at a Bonferroni-corrected a of 016, *'P<< 0L

Pirrottaet al. Neurosurgery 2013



Enables visualization of patient anatomy to define target
but also guide the whole ablation process: optimization of
safety, accuracy and efficacy in real time/closed loop

MR Thermal Imaging monitoring

Enables real time temperature measurement in

tissue (thermal spot) to guide progress of the ablation
process: optimization of safety, accuracy and efficacy in real
time/closed loop




J y
optimization of target coverage

4) Real time continuous monitoring
of proper targeting and thermal
effects

5) Optimized targeting precision

6) Possibility of reduced bleeding risk




Thermal spot

Thermal spot within
planned target coordinates

Tmax=50c
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MR-quided focused ultrasound technique in
functional neurosurgery: targeting accuracy

David Moser", Eyal Zadicario?, Gilat Schiff* and Daniel Jeanmonod'

Abstract

Background: The purpose of this study was to describe targeting accuracy in functional neurcsurgery using
incisionless transcranial magnetic resonance (MR)-guided focused ultrasound technology.

Methods: MR examinations were performed before and 2 days after the ultrasound functional neurcsurgical
treatment to visualize the targets on T2-weighted images and determine their coordinates. Thirty consecutive
targets were reconstructed: 18 were in the central lateral nucleus of the medial thalamus (central lateral
thalamotomies against neurogenic pain), 1 in the centrum medianum thalamic nucleus (centrum medianum
thalamotomy against essential tremor), 10 on the pallido-thalamic tract (pallido-thalamic tractctomies against
Parkinson's disease), and 1 on the cerebello-thalamic tract (cerebello-thalamic tractotomy against essential tremor).
We describe a method for reconstruction of the lesion coordinates on post-treatment MR images, which were
compared with the desired atlas target coordinates. We also calculated the accuracy of the intra-operative target
placement, thus allowing to determine the global, planning, and device accuracies. We also estimated the target
lesion volume.

Results: We found mean absolute global targeting accuracies of 0.44 mm for the medio-lateral dimension
(standard deviation 0.35 mm), 0.38 mm for the antero-posterior dimension (standard deviation 0.33 mm), and
066 mm for the dorso-ventral dimension (standard deviation 0.37 mm). Out of the 90 measured coordinates, 83
(92.2%) were inside the millimeter domain. The mean three-dimensional (3D) global accuracy was 0.99 mm
(standard deviation 0.39 mm). The mean target volumes, reconstructed from surface measurements on 3D T1
series, were 68.5 mm?® (standard deviation 39.7 mm?), and 68.9 mm? (standard deviation 40 mm?) using an
ellipsoidal approximation.

Conclusion: This study demonstrates a high accuracy of the MR-guided focused ultrasound technique. This high
accuracy is due not only to the device qualities but also to the possibility for the operator to perform on-going
real-time monitoring of the lesioning process. A precise method for determination of targeting accuracy is an
essential component and basic requirement of the functional neurosurgical activity, allowing an on-going control
of the performed therapeutic work indispensable for any target efficiency analysis and the maintenance of a low
risk profile.

Keywords: Anterior commissure, Posterior commissure, Stereotactic atlas, Targeting accuracy, Thalamo-ventricular
border, Transcranial MR-guided focused ultrasound
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Figure 4 Global targeting accuracy. Absolute value of the global accuracies of the 30 reconstructed targets in the three directions, with the
mean and standard deviation (Std Dev) for each. ML stands for medio-lateral, AP for antero-posterior, and DV for dorso-ventral.

Moser et al. 2013
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Transcranial magnetic resonance imaging—guided focused
ultrasound: noninvasive central lateral thalamotomy for
chronic neuropathic pain

Da~rer Jeanmonop, M.D. 22 Bear Werner, M.Sc.} Axxe Morer, Pu.D. 4
Lars Micuers, Pu.D. 13 Evar Zapicanio, M.Sc. . GiLat Scurer, B.Sc.?
anxp Ernst Martv, MLD 2

'Department of Functional Neurosurgery and *Center for Clinical Research, University Hospital Ziirich;
*Center of Ultrasound Functional Neurosurgery, Solothurn; "MR-Center, University Children’s Hospital,
Ziirich, Switzerland; and *InSightec, Ltd., Tirat Carmel, Israel

Object. Recent technological developments open the field of therapeutic application of focused ultrasound to
the brain through the imtact cranium. The poal of this study was to apply the new transcranial mapnetic resonance
imaging—guided focused ultrasound (teMRgFUS) technology to perform noninvasive central lateral thalamotomies
(CLTs) as a treatment for chronic neuropathic pain.

Methods. In 12 patients suffering from chronic therapy-resistant nenropa!tucpam teMRgFUS CLT was pro-
posed. In 11 patients, precisely localized thermal ablations of 3—4 mm m diameter 1n the postenor part
uflhecenl:ra]lzhemlIihala.nucmlc]eusai]xaklempemtnresbetwu:nil“Camiﬁd“Cwlﬂllhealdof[eal-umepatmnt
monitoring and MR imaging and MR thermometry guid; The treated pain sy had
{Spauems)(recnh:](ﬁp:uems)mgmsmdoomeda]lbodypﬂm(ﬁm amm, leg, mmk, :ndhemlbody

Results. Pauemsexpenemedmemnpamrehefof@%aitheSmnhfolbwqupaum]andS?%ailhe
1-year follow-up (8 patients). Mean improvement according to the visual analog scale amounted to 42% at 3 months
and 41% at 1 year. Six patients experienced immediate and persisting somatosensory improvements. So:
and vestibular clinical manifestations were always observed during sonication time because of ulrasound-based neu-
ronal activation and/or initial therapeutic effects. Quantitative electr halography (EEG) showed a significant
reduction in EEG spectral overactivities. Thermal ablation sites showed sharply delineated ellipsoidal thermolesions
surrounded by short-lived genic edema. Lesion structions (18 lesions in 9 patients) demonstrated targeting
precision within a millimeter for all 3 coordinates. There was 1 complication, a bleed in the target with ischemia in
the motor thalamus, which led to the introduction of 2 safety measures, that is, the detection of a potential cavitation
by a cavitation detector and the maintenance of sonication temperatures below 60°C.

Conclusions. The authors assert that teMRgFUS represents a noninvasive, precise, and radiation-free neuro-
surgical techmque for the treatment of neuropathic pain. The procedure avolds mechamcal brain tissue shift and
eliminates the sk of infection. Tthomtuhtyufapplymgsumcahunihﬂmﬂspmsﬁmﬁmmhapclmymsmcm
Mn]da]lawoneinophmzr.targetmmge The real-time MR 1 and MR th Y moni-
toring of targeting accuracy and iherma]effecismm.l]orfamnsmopmzmgpmmmn safety, andefﬁcacyman

outpatient context.
(hitp:iithejns.org/doi/abs/10.3171/2011 10 FOCUS11248)

Key Worps = central lateral thalamotomy *  neuropathic or neurogenic pain =
transcranial magnetic resonance imaging-guided focunsed ultrasound

ONSIDERING the inherent risks related to neurosurg:-

cal procedures, such as infections and hemorrhag-

es, there 13 an obvious demand for less mvasive
alternative procedures. Following extensive preclimcal
h‘,esﬁgaﬁm)ulﬁiiﬂ‘lsﬂlﬂuz a cli.n.ically relevant pro-

Abbreviations used in this paper: CLp = posterior part of the
thalamic central lateral nucleus; CLT = central lateral thala-
motomy; DT = diffusion tensor: EEG = electroencephalography:
teMReFUS = transcranial magnetic resonance imaging—puded
focused ultrasound; VAS = wsuzlmalog scale; VLp = posterior
paﬂof&lethalanncmﬂorventmllalen]nnckus

Neurosurg Focus | Volume 32 / January 2012

totype of a tcMRgFUS device for thermal ablation was
developed ***** Because of its noninvasiveness, focused
vltrasound technology ehnunates the risk of mf.echm 1e-
duces the risk of bleeding, and limits collateral damage to
nontargeted tissue. Magnetic resonance imaging allows
precise intraprocedural localization of the ablation target,

definition and verification of safety margins for the ultra-
sound treatment, real-time monitoring of thermal abla-
tion dynamies, and intra- and posttreatment assessment
of intervention results ***! The tMRgFUS technique
mvolves the transformation of sonic into thermal energy

and the production of a thermolesion. Theposmln].uyof
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