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Conflicto de intereses

-Financiacion de gastos en congresos y remuneracion por charlas por Boston
Scientific, Medtronic, Abbot e Insightec.
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Conflicto de intereses

-Experiencia previa de mas de 300 casos intervenidos de estimulacion cerebral
profunda como primer neurocirujano
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Introduction

~Ramon y Cajal hospital long history in functional
neurosurgery

THE NEW YORK TIMES, MONDAY
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Antecedentes historicos

Primeras publicaciones cientificas con resultados sobre la ECP

Lesionar, una )
Descripcion de los efectos de la Levodopa a largo plazo

practica comun

Nace la ECP El ler estudio piloto sobre la ECP es
Se descubre la Levodopa un éxitol
El temblor incapacitante controlado

por la ECP
1. Benabid AL et al, 1987
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Introduccion

*Los primeros en realizar lesiones con ultrasonidos para el tratamiento de
trastornos del movimiento y dolor fueron los hermanos Fry y Russell
Meyers.

*Estos procedimientos requerian la realizacion de una craneotomia para
obtener una adecuada ventana acustica.

Wonderful Machine
that Stops

Parkinsnn’s Disease

> ks N
% '
i

= : Meyers y Fry. Science Abril 1963
How L.A's Smog War Robs All U.S. Mo

torists
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Introduccion

‘Las recientes mejorias en el disefio del ultrasonido focal han derivado en
la forma de un transductor multielemento, la Tac craneal y los agoritmos
aplicados permiten la compensacion del grosor y densidad dsea craneal
para minimizar la desviacion y absorcion de ultrasonidos.

« Combinando la tecnologia de ultrasonidos con la Rm y la termografia
acoplada se obtiene una monitoriacién en tiempo real del proceso de
realizacion de la lesidn.

0
010 020 030 040 050 060 070 .




Materiales y
métodos

6. Lesion: £60°C

1. Planning Preop:
fusion de MRi y Ct
fusion and
marcado de "non
pass regions”

5. Confirmar target
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2. Marco para fijar
cabeza
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w
¢
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3. Mri, Target
selection

4. Calibrado del
transductor
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Prondstico y complicaciones. Serie CINAC

—

-160 Vim unilaterales

-6 VIm bilaterales
283 €asos -4 Retratamientos de Vim
HIFU en . -103 Stn unilaterales
~ -5 Stn bilaterales
S anos -2 Retratamientos Stn

-9 Palidotomia unilateral

27 LIFUS

Rango de edad 21-91 ainos
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The CINAC experience: non-ET tremors
(n=2)
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¢, Parkinson s disease?

tremor and thalamotomy (n=)

T JAMA Neurology | Original Investigation

Safety and Efficacy of Focused Ultrasound Thalamotomy
for Patients With Medication-Refractory, Tremor-Dominant
Parkinson Disease

A Randomized Clinical Trial Bond et al. JAMA Neurol 2017

[T Fus thalamotomy
3517 [ ] sham procedure

30 T

25+ |
20 |
15 ]
10-
ly

CRST A+B Subscore

54 L
0 I o L

Baseline 1 mo 3 mo
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Parkinson s disease

; wh he other cardinal motor features?

Reversal of Experimental Parkinsonism by
Lesions of the Subthalamic Nucleo

Hacar BeneaN, THowAS WickMANN, Mawtox R, DeLoxe

!
SCIENCE, VOL. 249 21 SEPTEMBER 1990

Guridi J, Herrero MT, Luquin R, Guillen |, Obeso JA.. Subthalamot-
omy improves MPTP-induced parkinsonism in monkeys. Stereotact

Funct Neurosurg. 1994;62(1-4):98-102.
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“Cuban experience”

1)Unilateral subthalamotomy .

Obeso JA, Alvarez L, Guridi J, Teijeiro J, Juncos JL, Rodri-
guez MC, et al: Lesion of the subthalamic nucleus (STN) in
Parkinson’s disease. Neurology 48:A138, 1997

Alvarez L, Macias R, Pavon N, Lopez G, Rodriguez-Oroz MC.
Rodriguez R, et al: Therapeutic efficacy of unilateral subthala-
motomy in Parkinson’s disease: results in 89 patients followed
for up to 36 months. J Neurol Neurosurg Psychiatry 80:979—
985, 2009

2)Bilateral subthalamotomy.

Alvarez L, Macias R, Lopez G, Alvarez E, Pavon N, Rodri-
suez-Oroz MC, et al: Bilateral subthalamotomy in Parkinson’s

disease: initial and long-term response. Brain 128:570-583,
2005

3)Anatomic and neurophisiological studies of stn nucleus.

Lépez-Flores G. Miguel-Morales J, Teijeiro-Amador J. Vitek T, Subthalamotomy for Parkinson’s disease: Clinical outcome and topography of
Pérez-Parra 5. Fernandez-Melo B. et al. Anatomic and neurophysio- lesions

logical methods for the targeting and lesioning of the subthalamic nu-

cleus. Cuban experience and review. Neurosureerv 2003- 52- 817-31 Rafae{Rodriguez-Rojasl']. Maylen Cal‘bal}o-Ba11‘ecla3. Lazaro Alvarez’, Jorge Guridi’, Nancy
- = P c - SUIEETY ~UAJ3. ). - Pavon’. Ivan Garcia-Maeso’, Raul Macias®, Maria C. ROdLif_ﬂleZ-OL‘OZ"S. Jose A. Obeso'?
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Stn published lesions

o
Gill SS, Heywood P: Bilateral subthalamic nucleotomy can be
accomplished safely. Mov Disord 13 (Suppl 2):201, 1998
Gill SS, Heywood P: Subthalamic nucleus lesions, in Lozano
AM (ed): Movement Disorder Surgery. Basel: Karger. 2000,
Vol 15, pp 188-195

Patel NK. Heywood P, O'Sullivan K, Love S, Gill SS: MRI-
directed subthalamic nucleus surgery for Parkinson’s disease.
Stereotact Funct Neurosurg 78:132-145, 2002

Patel NK, Heywood P, O'Sullivan K, McCarter R, Love S,
Gill SS: Unilateral subthalamotomy in the treatment of Par-
kinson’s disease. Brain 126:1136-1145, 2003

N S

Vilela F1]ho O, da Silva DI: Unilateral subthalamic nucleus
lesioning: a safe and effective treatment for Parkinson’s dis-
ease. Arq Neuropsiquiatr 60:935-948, 2002

Vilela Filho O, Silva DJ, Souza HA, Cavalcante JE, Sousa JT,
Ferraz FP. et al: Stereotactic subthalamic nucleus lesioning
for the treatment of Parkinson’s disease. Stereotact Funct
Neurosurg 77:79-86, 2001

REV ARGENT NEUROG | V0L 27, W2 62-71 12013

Subtalamotomia por Radiofrecuencia:
Aspectos Tecmco Quirtirgicos
Sergio Pampin, Santigo Dol Lspis Fesnando Leiguaci, Joan Piblo T, Dario Adumes

\mmu S

Coban A, Hanaga51 HA, Karamursel S, Barlas O: Comparison
ey of unilateral palhdotomy and subthalamotomy findings in ad-

vanced idiopathic Parkinson’s disease. Br J Neurosurg 23:
23-29,2009

x.)

: ; %

OED, [ 7 |
Parkin S. Nandi D, Giladi N, Joint C, Gregory R, Bain P, :
et al: Lesioning the subthalamic nucleus in the treatment of E’ -

Parkinson’s disease. Stereotact Funct Neurosurg 77:68-72,
2001 -

Tl

-

Su PC, Tseng HM, Liu HM, Yen RF, Liou HH: Treatment of
advanced Parkinson’s disease by subrhalamoromy one-year
results. Mov Disord 18:531-538, 2003

415-422,2008

Merello M, Tenca E, Pérez Lloret S, Martin ME, Bruno V, Tseng HM, Su PC, Lin HM, Liou HH, Yen RF: Bilateral sub-

Cavanagh S, et al: Prospective randomized 1-year follow- thalamotomy for advanced Parkinson disease. Surg Neurol
up comparison of bilateral subthalamotomy versus bilateral 68 (Suppl 11'3:_ S43-S51. 2007 g

subthalamic stimulation and the combination of both in Par-
kinson’s disease patients: a pilot study. Br J Neurosurg 22
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“Focused ultrasound
subthalamotomy In

patients with

asymmetrical
arkinson s disease.

THELANCETNEUROLOGY-D-17-00398 0941

51474-4422(17)30403-9

Embargo: November 24, 2017—23:30 (GMT)

Doctopic: Primary Research

1/7TLNO398
Articles
le

|

pilot sudy

Focused ultrasound subthalamotomy in patients with
asymmetric Parkinson’s disease: a pilot study

>@H®
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pacientes
mejoraron
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(p<0.005)
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Structural Neuroimaging

(3T MRI)

TARGET INDIRECTO: Stn Target (desde pto intercomisural):
-X: 12

-Y: 3 A
_Z 4 AxaT:zwé7 3
Ajuste DIRECTO visual

<7 349 + 166 mm3 229+ 110 mm’ 177 + 87 mm° 132 + 55 mm?
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Seguridad -Primary endpoint

Ataxia de la marcha leve y asimetria facial (n=1) estaban presentes al
dia siguiente del tratamiento y desaparecieron en el seguimiento.

Cambios moderados del comportamiento (impulsividad, desinhibicion
y alegria desmesurada) aparecieron en dos pacientes pocos dias
después del tratamiento y desaparecieron durante el primer mes.

Aumento de peso (n=2), fatiga (n=1) y ansiedad (n=1) fueron
reportadas durante los primeros 6 meses.

Las pruebas congnitivas a los 3 months post-tratamiento no
demostraron ningun emporamiento ni deficit en ningun subdominio
cognitive.

Todos los pacientes (10) fueron dados de alta en menos de 48h.
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Baseline vs 5 days post right

subthalamotomy
o . /

Kinesia(ore

N
;; NA 1
N



KINETIKOS




H M CENTRO INTEGRAL DE NEUROCIENCIAS
HOSPITALES hm ClNAC




EEEEEEEEEEEEEEEEEEEEEEEEEEEEE

ﬁnﬂ hm CINAC

Conclusiones

* La subtalamotomia unilateral mediante
ultrasonidos fue bien tolerada y mejoré los
sintfomas cardinales motores de la E. de
Parkinson. Hacen falta estudios controlados
randomizados con mayor ndmero de
pacientes para confirmar esta evidencia
preliminar en el tratamiento de la E. de

Parkinson.



MDS-UPDRS Il treated vs non treated side OFF medication (n=7)

M Treated side
B Non-treated side

|

i




Longterm reSUItS (30m) woseirates NM CINAC

Table 2. Effect of unilateral subthalamotomy on the MDS-UPDRS Il scores.

Baseline (mean + SD) Long-term follow-up Change (%) p<0.05§

Off medication

MDS-UPDRS Il total 31.5+47 271+6.5 -15% 0.128
MDS-URPDRS |l treated side (t.s) 16.4 + 2.4 10.7 + 3.1 + 36 % 0.028
MDS-UPDRS Il non-treated side 59+47 B4+33 - 36 % 0.034
MDS-UPDRS Il rigidity (t.s) 28107 16+0.8 - 48 % 0.026
MDS-UPDRS Ill bradykinesia (t.s) 8.9+ 3.1 7T4+21 -9 % 0.292
MDS-UPDRS Il tremaor (t.s). 46+1.8 1.7+21 - 69 % 0.018

On medication

MDS-UPDRS Il total 220+6.0 16.4+2.7 -22 % 0.063
MDS-UPDRS |1l treated side (Ls) 121+19 6.1+1.4 - 47 % 0.018
MDS-UPDRS Il non-treated side 36+29 54 +£2.0 + 48 % 0.041
MDS-UPDRS Il rigidity (t.s) 22409 0.7+0.5 -63% 0.027
MDS-UPDRS Il bradykinesia (t.s) 6.4+22 49+16 -17 % 0.168
MDS-UPDRS Il tremor (L.s). 41+16 0.7+1.3 -89 % 0.017

§ Wilcoxon test for related samples.

-No aumento de medicacion, LEDD (620271 VS 565+222, p=0.05).
-No aparicioén de efectos secundarios a largo plazo.
-No se observaron discinesias en off en el ultimo seguimiento.
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Design: Prospective, randomized, double-blind, single-site study.
Primary outcome:

Efficacy: between group differences in the MDS-UPDRS Il for the
treated body side

Safety

Inclusion criteria: PD Subjects with predominant motor features/disability from
one side of the body (i.e asymmetry index > 1.5) non-optimaly controlled with

medication
Sham
procedure 4
Baseli Rz?ndo;r.nlza 2 MOMItco
0 tion (2: . HS o
) comp —
2 son
Real Mo MONT Open MO.

treatment follow-up

HS
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TEMPORAL
NEUROPSYCHOLOGICAL MAGNETOCEUTICAL DISCRIMINATION
ASSESSMENT ASSESSMENT THRESHOLD
ELECTROPHYSIOLOGICAL FUNCTIONAL
ASSESSMENT NEUROIMAGING KINEMATIC
ASSESSMENT ASSESSMENT
Sham
procedure 4
Baseli Rta_undo;r.nlza 2 MONLCO
n ion (2: Vo HS -

e 9

2 son

Real Open MO.
M

treatment 0 MONT follow-up

HS
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Design: Prospective, open-label, single-site study.

Primary
Safety
Prelimir PDRS Il
Inclusion Early HIFU in Pd
subthalar n motor
features =d by an
adequat
. Outcome
Baseli 6 to 24 assessments
ne I months >
6
Ist FUS subthalamotomy 3 MONT
Sme‘fl]Cﬂqu&gE‘ny (for the less affected Mo HS
affected body side at body side at baseline)

baseline)
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Randomized Trial of Focused Ultrasound Subthalamotomy
for Parkinson’s Disease

R. Martinez-Ferndndez, ].U. M4fiez-Miré, R. Rodriguez-Rojas, M. del Alamo, B.B. Shah, F. Hernindez-Fernindez,
J-A Pineda-Pardo, M.H.G. Monje, B. Ferndndez-Rodriguez, 5.A. Sperling, D. Mata-Marin, P. Guida,
F. Alonso-Frech, |. Obeso, C. Gasca-Salas, L. Vela-Desojo, W.J. Elias, and J.A. Obeso

eacluded
a skl density ratin of =035

exchided cwing io MR finding

Focused Ultrasound
Subthalamotomy [N=27)  Sham Procedure (N =13}

Age —yr
Mean 56683 S51s88
Range 35-74 43-70
Sex— no. (3)
Male 1659 077
Fernale 11 a1 3 @3
Duration since diagnasis — yr
Mean 5635 73238
Range 217
MDS.LPDRS 1) total scomt
Off medication state 40.1=8.1
Qnmedication state 251581
MDS.LIPDRS [ scare for the more affecied side of the badyH
Off medication state 18755
18:10
97236
52222
118s51
2214
64s29
Tremar 28:19
MDS.UPDRS thhwdnprﬂdmm- 5.1=47
plicationzq
Dyskinesia 11:1% 2 Wiz bkt il v
Motar fluctuatians . 15.28 1 Had not yet reached 12 mo
D)!mh,hﬂief-mﬂiﬂi:nl‘hk 05211
MDS.LIPDRS 1| score for activities af daily living] 125246

Treatment with levadapa — no. (35 12 32y
Dily dose of kevodapa equivalent — mg 881724078 8 Completed 12-me fillow-up

PDQ-19 summary index far quality of lifett 218:102

27 Wese included in the 4.mo intention.
o-areat anabyiis of primary sutcomes

Figure 1. Enrallment and Follow-up of the Patients.

Patients who had a skull density ratio {an index of witrasound penetration into the shull] of less than 035 were ex-

cluded from the trial. All 40 patients wha had undergone randamization finished the blinded follow-up for the pri-

mary and main secondary autcames (at 4 months). Of the 27 patients in the active-treatment group, 25 continued

to the open follow-up phase for 12 months. OF the 13 patients in the contral group (in which patients underwent a
sham pracedure), 12 crossed over to receive unblinded active treatment at 4 manths. After undergoing the second

{i.e., active} procedure, 11 patients in the crozsover group completed an additional 4 months of follow-up and 8 pa-
tients completed 12 manths of follow-up.




A Mean MOS-UPDRS 11 Score for Mone Affected Side

Shasm perocedune (N=13)

Bctive treatment (N=17)

B Change in MDS-UPDRS 11l Score for More Affected Side in individual Patients
W Active reatment (N=27] B Sham procedure (M=13}
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Faaused Ultrasaund
Subtalamatomy Sham Procedure
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hdverse Event

Drﬂi'cﬁnnﬁ:mt&dﬂiﬂ:.hﬂrzc‘-ﬂlﬂ:lhi:‘l
state — no. of patients [3%)

Arry event, regardless of severity

Chorea

Ballisrm
Hnn-m:ctd)ﬂiu:si:nn the mare affected side, in the
‘Weakness on the more affected side — no. of patients [3%)
Isalated facial asymmetry — no. of patients (%)
Speech disturbance — na. of patients (%)

Ay objective or subjective eventt

Diysarthria, assessed objectively on examination
Gait disturbance — no. of patients (%)

Any objective or subjective event}

Unsteady gait, as reported by the patient
Upper limb dysmetria — no. of patients %)
Impulsiveness — na. of patients (3}
‘Weight gain — no. of patients (%)

Intraprocedural sensations or events, all tansient

Mausea
Emesiz
Dizziness
Head “tilting”
Head discomfort, such as *heat” or “pressure”
Aricty
Pinesite head pain
Right inmer ear pain
Headachs
Back or neck pain
High blood pressure
Fatigue
Chest pain
Oither adwerse events nat directly related to treatment
— o of patients (%]
Rib fracture
Fall
Diysuria
Taokal adverse events, according fo severity — no. of eventsq
Mild
Moderate
Severe

Total

6 [22)
5 (19)
1(4)
6[22)

5 [19)
101

15 [56)
7(26)
8.(30)

13 [45)
311}
10 (37)
1)
104)
|
1j4)

7 (26)

Focused Ultrasound Subthalamotomy
(N=17)

Atld Hr AL Mo Ard Mo Ab 11 Mo

6@y 301
sqs) ()
144 0
6@ 1@

{n
1y

am
14

12444)  3(1
s(13) 31
7(26) 0
7{28) 2m
o
622) m
27 0
o
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Discusion y conclusiones

Beric of o Kondzidka et af* Oh et of Umemura et af” Limousin ef alf™  Lyons et al"' This shudy
Mo of patients B& (7] 7e 109 111 80 262/180
Mo of elecirodes 14% &b 124 172 135 155 472,325
Mo of surgeries NG 100 NG NG NG 140 524
Follow-up fime 3.5 yearst 2% monthst 33 monthss 20 monthss 12 monthst 5 yearst 35.3 monthss
Abarted procedures 3.5% - 0.9% - 0.9% 4.9% [2.5%] 1.9% [1.0%]
Mortality - - - 18% - - -
Morbidity &% NG 1.3% 4.4% - - 0.4%
il |
rsjﬁE 3.3% L5% $.6% (2 3% 15% (2.2 20 2% L2 (0 4% 043 [0 2] |

Exrocranial

ooehoge - - - - 1.8% - 2.4%

Venous infarcfion — — — 0.9% (0.6%) — — —

Seizure 2.3% - - 09% 1.2% [0.6%] -

CSF fistula - - 1.3% 0.9% (0.6%) - - 0.8% (0.4%}
IMFECTION

Tokl L2 10,45 15 2% 17% (2 2%] e A.2% (3 8%] 8% (2 0%]

e 5.0% 13.9% 7% 1.8% 625 [38%]  67% 23]
HERDWARE

Leod frocture - 15.2% 5.1% - - 2.5%(1.3%) 1.7%

Lead migration 3.5% [2.0%) 1.5% 5.1% - - 6.3% (3.2%) 2.8% (1.5%)

BEdension wire™ 3.5% - - - - 2.5% 1.1%

IPG malfunction 1.2% 1.5% 3.8% - - 13.8% -

Local discombort 1.2% - - - - Some pafient  &6.7%"
Ctherst+ 1.7

Voges, Waerzeggers, Maarout et al. J Neurol Neurosurg Psychiatry. 2006 Jul;77(7):868-72
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Functional topography of the human subthalamic nucleus:
relevance for subthalamotomy 2 of Parkinson’s disease

Rafael Rodriguez-Rojas, PhD,1-3 Jose A. Pineda-Pardo, PhD,1-3 Jorge Mafiez-Miro, MD,1 3 Alicia Sanchez-Turel, BsC,1 Raul Martinez-

Fernandez, MD, PhD,1-3 Marta del Alamol 4 , Mahlon DeLong, MD, PhD,4 Jose A. Obeso, MD, PhD1-351 6

HM CINAC (Centro Integral de Neurociencias Abarca Campal). Hospital Universitario HM 7 Puerta del Sur, HM Hospitales. Madrid, Spain. 2 8 Universidad CEU-
San Pablo University, Madrid, Spain. 3 9 Network Center for Biomedical Research on Neurodegenerative Diseases (CIBERNED), 10 Carlos Il Institute, Madrid,
Spain. 4 11 Department of Neurology, Emory University School of Medicine, Atlanta, USA

-Caracterizacion topografica, somatotopica y conexional de N. Subtalamico.
-Combinacion de tractografia analitica, Rm funcional y atlas multimodales

-86 pacientes con E. Parkinson, 39 de ellos se les realizo subtalamotomia unilateral.
-23 voluntarios sanos.

-Volumen N. Subtalamico 192mm?3
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Figure 1. Connectivity-based parcellation of the STN. Intersection of tract density images for
SMC (A), SMA (B), Associative (C) and Limbic (D) connections with combined STN atlas
(CIT168 / Morel Thalamic / MNI-PD25), superimposed by the MNI152 template. The
corresponding slice and coordinate in the MNI152 space is displayed at the top of each panel. E)
Lateral and medial views of the 3D rendered right STN. Each geometrical locus was assembled
according to its connectivity probabilities and color-coded as red (SMC), green (SMA), blue
(associative), and yellow (limbic).

Functional topography of the human subthalamic nucleus: relevance for subthalamotomy 2 of Parkinson’s disease

Rafael Rodriguez-Rojas, PhD et al
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Figure 5. Functioml comnectivity profiles predietive of mstor afer subihslamstony. A
Fumctzonal topegraphy of the ST is shown schessatacally ma wicw. Hand s fiot drawing

depict 1he pesition of the OOV of respeetive IMR-baed clusters. B) Rendering of effective lesions
iesduscing ~65% improvement in bradykes (be), sigidiy (mneen), and remer (red) ala MR gFUS-
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* No microrregistro

* No protocolos establecidos
(nimero de sonicaciones,
temperatura...)

« No con anestesia general.
« No seguimiento adaptativo.
e Unilateral ........

Imagen intraoperatoria integrada con la respuesta clinica.

« Mejor accesibilidad a las dianas, no problemas con trayectoria
de acceso ni brain shift

« Menos invasivo, sin incisiones, no radiacion ionizante.
« En una sesion Unica, corta hospitalizacion

« Sin implante de material: no infecciones, mas barato.
« Seguimiento de pacientes mas sencillo.
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»No estudios comparativos con:
»Estimulacion cerebral profunda
»Cirugia lesiva clasica
»Radiocirugia

A COMPARISON OF CONTINUOUS THALAMIC STIMULATION
AND THALAMOTOMY FOR SUPPRESSION OF SEVERE TREMOR

P. RicHARD ScHuurmAN, M.D., D. Anpries BoscH, M.D., PH.D., PaTrick M.M. BossuvyT, PH.D.,
Gouke J. Bonser, M.D., PH.D., Eus J.W. vaN SomereN, PH.D., Roe M.A. oe Big, M.D., MaruscHka P. MeERkus, PH.D.,
AND JOHANNES D. Speerman. M.D.. PH.D.

(N Engl J Med 2000:342:461-8.)

A prospective single-blind study of Gamma

Knife thalamotomy for tremor

Neuro Nso = s 2 ~ Witjas et al. Neurology, 85
Lesion generator: -
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Blood-brain barrier opening with focused
ultrasound in Parkinson’s disease dementia

Carmen Gasca-Salas® "2, Beatriz Fernandez-Rodriguez'®, José A. Pineda-Pardo® 28,

Rafael Rodriguez-Rojas® 2, Ignacio Obeso'?, Frida Herndndez-Fernandez'3, Marta del Alamo'2, David Mata'?,
Pasqualina Guida'?, Carlos Ordas-Bandera®, J. lgnacio Montero-Roblas®, Raul Martinez-Fernandez'2,
Guglielmo Foffani"%®, Itay Rachmilevitch’ & José A. Obese'?®
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Table 2 Neuropsychological test scores.
Cognitive scores Baseline Post treatment
(stage 2}

Screening tests

MMSE 1811 (39) 216 (3.4)

MaoCA 14.4 (27) 15.00 (4.0}
Attention

Digit span forward 3.60 (1.5) 3.40 (0.8

Digit span backward 2EB0 (0.4) 280 (1.3
Memory

‘erbal memory (CERALD)

Short term 280 (1.9) 4.60 (1.1)

Delayed recall (1.2) 1.20

Recognition 15.40 (1. 17.00 {1.5)

Wisual memary (WMS-1V)

Short term 7.0 (5.2) 14.40 (10.2)

Long term 060 (1.3} 5.60 (&1}

Recognition 1.40 (1.6) 280 (11
Executive function

Stroop test inhibition M40 (7.8) .

Phonemic fluency 7.60 (4.5) 7.40 (4.6)
Language

Semantic Huency 640 (2.3) B.20 (3.3)

BMT 4600 (7.2) 4650 (7.8)
Visuospatial function

Lo 10.4 (100 13.8 (10.4)

WOSP silhouettes 16.6 (4.4) 19.6 (2.5)
Meuropsychiatric scales

GD5 124 (59)

MPI 54 (3.4)
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Therapeutic Ultrasound
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Chemotherapy sensitization of glioblastoma
by focused ultrasound-mediated delivery of
therapeutic liposomes
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