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TERERASLRNARBOME-ABE 2006.12.9 H.Atsieni
SHBIZEAT DR
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# BENITHESHARFRVREUCP) BLUALTFIFTURE,
FERBMITHEEN D/ ATA—INLBET H RO,
— BAEINFEIEIE Untracranial Pressure Index, ICPT)
— PRAAEREAE IR (Brain Compliance Index, BCHE B,

#. HEWEARDEORE. RALRE~OER. ARBRTAO
BRELT.SALTUIEEBRETS.

#. FERBMTHRNOBEELNL, BELHENRAELE
ELABBT. ENEKFENHERE. RUEREGOERR
~ALTIKEERET.

TEREXRELBARBOAG - ABE 2006.12.9 H.Atsumi
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{Aiperin &DMRIZFFFL /= BEZE R EFE DA

— MRIEZAWLT, REBRR. # B EAR. BRIk, CSFICEET 55
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—~MRFREAL A, CSFEHHELHBERMABONENITHE
Az,

—HBERAROERELLY, REFERLVESHSNE
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Alperin, Magn Reson Med 1996; 35: 741-754
Alperin, Radiology 2000: 217: 877-885
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Vp= ~p;ﬁ ~p(v-Vv+uViy
!
et epis it

p: pressure, v: velocity, o fluid density, g fluid viscosity
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#FMRIGIHE TS XM E (phase contrastiE) TR B MR, CSFH
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M. CSPREER. EHEBE. MEHEMSCSFE~OELH
PR TREL-ETRSEBLEEL TN THOERES
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Pressure transformation

[Iﬁﬁﬁ%ﬁg’ﬁ@%f 717//07;5;2] from tissue to ventricle
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X )

R1 Reactance
SR,
2nd order side
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Cerebrospinal

ist order side
Cerebral tissue and

Heart vascular
I
1 *
Blood Flow rate _l_G csF LG

EREXNELNARBNAE AGE 2006129 HAtsumi
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#I7 kLK
—TEH 7 & U Phase contrastiE DFEICRIT HEHE

—1.5T MRI (Gyroscan, Philips Medical Systems)%& |
—Phase contrasti&. TR 20, TE 12, 1943%], SE T a—F:60~160cm/sec

/{ Venous flow
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H#HERTRT1000BYONHEE S TERMBERCET,
BERERT. ABBIBLNEBE N hhof,
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BRBENES L CREEDIEE LU T, Inracranial Pressure Index:ICP!
R U Brain Compliance Index: BCIER &=,
ICPIEM-1,) &, BCHEMX,EEBLT-,

TEREXNESEMBEROAR-AGBL 2006.12.9 M Asumi

HRIATSIFRE)

119 —



(B S ER BT TN DEFEN 4] 0w s
) y
# R TATER2 o035 Y -
—~HENGMERETETI11H(ER2781 5608) \\ Pati
—Informed Consent& @f=#1=. KAL L TORBIMET 1, o s atents -
—~HBRSLFAF EEMRITMRAZ R T IRIBLASARAEEREL 2, \\
HNERBAR, #BDIR. BRRRES MBIV O—FT. A\
TN EFAML XL TOCSFREFEV AT D—RT Y
REBL.REERDT N N unteers
X
—Surgical interventiont . BABARBNRELIEHESh =B ST, N
BREESOBEEFORBEHIL:, o\
—Surgical interventionfil# . RURME RS T47 CHON - HELY h~,, :3’3:{"
ICPIEBCTE RS2, o A :
BC relative) |
IEREADELAREDONE - MGE 2006.129 H.Atsumi [EREARELERESORE-ATE 2006129 H.Awwmi
AT SRR PUESREE
[#R4] RIVFATIZH T HBCHERRR [#£5] vcPizyd SEEERENBFEIEZOBHEDYE
12 0.035 —
T Reathy [T Prope )
4 L | @ Pre-ope patient e (Vp) = _pﬂ LT » B Lizg;iﬂ‘
i ©Postope patient w G R s oipen T T T T T T
ST T e ’ O35
X B e e i R £ /
o go.ozs - e oo a3 RT’ ——————————————
= ® ! —
Mx, 5 osf- I AAAAAAAAAAAAAAAAAAA . - < ; -
5 El 2 o % : © 6 Post
© e : o L e S m o
04 - - -~ rmm T € e £ : . esPre______ L e
: 2 Lo TPt 5Post
> a L~ Y — g o e e e o]
b e e g 008 N 7:;;*‘ pre @ 4Post
8 S o 8Post
¢ 0.01
0 1 2 3 4 5 [ 7 8 9 02 04 0.6 08 1 12
Volunteers BCk Clrouft fr
TEREADELABEBOAE-ADL 2006129 H.Atnami i et e i eaees An -MIX,
HEITAT SRR PE R e
[Fiw7] (#F2]

#ARPRIL, BEATCHESRALE T HIEEE. 2B/
HRIT A EBOBIICAT TITONERNRETH D,

#EE BESNTOIREAEXTL, HUABH THIHE MO IEE
(855 ERBFEFAALBEEREERL. D7VMLE
HEMBRICIIFEBRHEMI -, TOFE. 1000EY O HE
[T, —EOSHERTHBRETEEREES,

#IFRBYUIFHMSH - HEREEF T MRS LR HER LY
FEMBREBERCE>T BENTIEES FUREEIERNROHLH
RSUFATICE>T—EDEBIT N —TTEIARMEEED .

TEREXRELAIRBOBA-ABE 2006.12.9 H.Asumi
ABIRTOREH)

#AESIVBEAZCRFNIERERTRRSNGOERORC
U RBLIZAGFERYBHADNBETHD.

#FRIE, —EORRAENFVLD . KEOATRERIIRORTHLA.
HERREGERELICLIPENRAOELERMITIRA TS
BRENS. BBIEOBEICEY ., KURBLELTHD
EREKRERE~OLANBEEND,

#5 B EIEEORECEY  BISEREROH TR ERDE
DEEPLEREKEEREORBE~RG T REOBER LEEE
LTUKFETHS.

TEREATFELNAKBORD ABL 2006.12.9 HAtsumi
SHRITHTABRE)

120 —




BAVINEDOBEEEY—I—ET 5
|NPH®?} EDRFE

EREIBEERRE
IEREKRELRDERBOFRE FHRARIET SR

2006.12.09

?ﬁéc‘:li
IE R P DRI TH DN

BLEWRF- IOV T4F
X B8k H

LI ADBER
AVITNTIH)

“:”41/747477)") HhEYEE

AT TILETFOT THD

DL SR BESH

T IVER AZT)L
HO H, C 4
H2N
o OH 0/\013
4]
H3C H3C /'\N
HJC CHj3
O D BHEL IR BE IR
w mRNA o 95%5:):%@1!:3#111\6 ?
o @ SERIZEYRBHRED
EHES \‘ (@ @ SRS HERBTEL TS
OSFLMBETIESL/ YBHHALTLREA RS (8] prowme LOFLTLAE ORE
ik A T S B
Plasma CSF H—Plasma CSF_j — Plasma CSF Control
: Protein C > ) :“”:
bt LoFua| [ LoFu-2 LoFo3 | 4 = = 40

CSF

Protein C

DITARETR
Control&iNPH®D
R ADIEL

o AR HD !

Plasma

iNPH

& (R

lbb-‘;‘j:[ |l/’7=)’-/-\2-] ]/L?—/T]

o~
1
1

S

(=)

— 121 —




MALDI-QIT-TOF MSIZ & 3Ribonuclease BOIFIEAZHT  $5ARIBY

(A) MSARIE L

=}
=)

o

asEey

000 1200 1400
(8 MS/MSARR O

=]
=3

{a) 2583
enga s

8o
BHE

(b) 2421
Tpepeidesi)®

3
oo
T

(c) 22593

o b1z [ p2 [ v22

B 1LY 1l
(d) 2097

a

RHAK O MNOKIN  MMRES  mRAEN

E_on

{e) 19352

rpstnns

MMAR (%)

718
F—

o

s
600 800 1000 1200 HDOmI 160G 1800 2000 2200 2400 2600

°

FEED

~— A EROFES B

igs
P OISO T AN LA —H—
LT O#E (INPHE Control o Hri)

gs
HEOITIRC L OESFEEORE

(SAEHES)IL
Validation Study

Xy End-Cap Electrode End-Cap Electrode
Sample . {Introduction) {Extraction)

2-Stage Gridless Reflectron

%
lon Lens Ring Electrode Detector

Floating ToF Tube

— 122 —




FrRMIEEEKEBED

BB HEDRESLICA T

IEXREAZ BN
Fi—. TEE—. EM. BIRE. RHHT

Analysis of CFS

Tap Test; 26 cases

Neuronal degeneration (Neuron):
Tau

Neuronal degeneration (Axonal damage):

NFL (neurofilament)
Demyelination :

MBP (myelin basic protein)
Disturbance of CSF circulation? :

LRG (leucine-rich o -2-glycoprotein)

NFL levels in controls and NPH patients

Tullberg M, et al NEUROLOGY §0 1998
NFL (ng/L) mean + SD
Controls (n=40) 156 + 81
NPH patients (n=65) 864 + 1538

Psychiatric symptoms
Severe (n=16) 1776 + 2459
Moderate (n=36) 478 + 858

None (n=4) 125+ 36
Gait disturbance
Severe (n=23) 1716+ 2196

Moderate (n=36) 263 + 212

None (n=4) 217+ 184
Urinary incontinence

Severe (n=18) 1868 +2373

Moderate (n=36) 459 + 556

None (n=4) 203 +121
200682 PR 2006%
MMSE/LRG
MMSE/NFL
3000 1200
2500 hd 1000 T s *
2000 * *. 800 ST
1500 T — - hd 600 . e . A
1000 . 400 PE & N
500 . ». 200 * - *
o * * P . 0 .
0 10 20 30 40 o 10 20 30 40
MMSE MMSE
HIRE2006% HE£ 520064
MMSE & Tau Tap Test (+) / LRG (+) ; 12117 (71%)
Shunt Effective / LRG (+) ; 9/10 (20%)
MMSE /TAU ™ Lo
Tap unt : 400 pg/mi <
1200 . LRG |Tau NFL test(+) | Effective | Tau: 200 pgimi <
1(;(:](; + _ _ 6/7 5/5 NFL: 1000pg/mi <
600
400 S + - + 4le 3i4
0 et s + + + 212 1M
0 10 20 30 40
MMSE + + - 0/2
H£32006% HE 20068
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LRG:1060, Tau: 46, NFL: 159

before | After After

LRG: 753, Tau: 451, NFL:0,
MBP:130

Before After
Tap Tap Shunt Tap Test Tap Test
Test Test 3mup& | 15sec 18 sec
3mup |30 sec 15 sec 14 sec go 15 gait 18 gait
& go
g 30 gate |18 gate |14 gate FAB 8 10
FAB 8 10 15
MMSE 21 23
MMSE |24 25 30
Trail B
TrailB |B C D
M£3#2006% Bi%x382006%

Tap Test (+) / LRG (-} ; 3/9 (33%)

Shunt Effective / LRG (-) : 1/3 (33%)

LRG:358, Tau: 147, NFL:0

before | After After
Tap Tap Shunt

3m up 24 sec 14 sec 14 sec
& go 17 gate | 14 gate | 14 gate
FAB 8 7 i1

MMSE |14 19 17

Trail B 1 X X X

& E42006% 23820064
MRI & LRG ¥5EE
mtRARC v LRG (+), NFL (-)~(+), Tau () DERIL vk
1200 6162209 A: Atrophy o)ii}%i){ﬁof:o
1000 * S: Binswanger v LRG (+), NFL(-), Tau (+)DJEF L Tap testH’
0 3102207 P N: INPH BtETCHoT.
“ T v LRGIRE EMRIFT RICHEIE R,
o : N v LRG (-), MRIF 8 AN S5 f72INPHT 5.
0 : ANOVA T/ THTap testig B A BIFELT=.
A S SIN N ] P <0.01
Bl
& #2006% HRH2006%
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FHE - FERCARICHETIHR

Similarity and Difference of Vascular dementia
of Binswanger type (VDB) and
idiopathic Normal Pressure Hydrocephalus (NPH)

M) Y ARRTLERE R VDB NEH
B HiI8.12.9 (L) o ge‘mzr.)tla b N N
" . ait disturbance + +
BinswangerBE M EMHRICB T AKEBEHLRXBE LU Urinary incontinence I +
BT/ 73 R OEEBIEIS DT Ventricular dilatation + ++
EIERBFEEA-ARBOERP BT ALKS ..
Leukoaraiosis ++ +
BRI NE: Aqueductal flow void sign = — 4
BIHREH L5~ HE mE
KEXPELHBENS KL 2%
PETIC R DIRET N DHESE

@ HRERRICHTROLBNBEORETS
BVDEITIL/MREEERDrCBF. ICMRO:20
WELAALNT-,

S BVDIZEFBSTEBGHVLDLEMLES T HE
THRMITHERCIL/MMICEEZOEEERE
ENESELTWAHEEEAHY . LHEEE%RE
BEEICI S TELLSNhTWAIEN D
BVDEZETIHREHONEER NI,

B 8

# BinswangerZ in % 1% % 5 (BVD)JE S|
ILHITHRMBREBE TLHTERIE
BL. MEWEK, BEERE/TIRBE
MELUPETIZ &AM B DOMEM
[ZDOWTRETT 5,

5o ik
»f £ : VDBEH 134
AF£(n=7, 5 males) 70.3+7.87F
O RMEEET L HITHEED Y
MMSE 13.6x3.6
B#£(n=6, 5 males) 69.5x4.27F
HEEET. HITHEEL LITABRIVE
3
MMSE 25.5x1.9
Hik
#57% F'monoamine metabolitesil| TE
SO A B APETHRAT

Regions of Interest

@ Frontal cortex {Fr) @ Ucecipital rortex (O}

© Temporscortex (Tem)

¢ Cerchettum (Cb)
@ Bavalganghia (8G)
S Thalamus (Thy

Deep white matter

> Parietat cortex {Pa) (DWIH
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He B3
BEER Walking State (10m Gait)

AB(n=7) BE(n=6) in Group A and B
EEREF
BlE 6(86%) 4(67%)
HRA 3(43%) 1(17%) StepNo  Speed  Stride Index
=iElnE 2(29%) 2(33%) (/10m) (em/sec) (%BL)
BEDOBREE  6(86%) 3(50%) GroupA  614E24 27.6x9.3 11.7+4.4
BT 7(100%) 2(33%)
4t S(71%) RO Group B 22421 85.26.0 28.5%3.8
AIEEREUE  6(86%) 2(33%)
EEFE Values; mean =SD ** p<(.001, *p<0.01

BRES VT 7(100%) 4(67%)
TN 6(66%) 3(50%)




fE FE
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SEELSTRELENBEETERTES.
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DOy JUVTPRLTYVDORBIER
AEELTNA.

HEEE. EEZO/IMROIFABRES
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- BT B EKEERE (NPH) 1L o S8 s [

%{M#E MBREELS CEEAEELDD
60

- BEEL SO RESREDDICRET S,

s IR EERE TOINPHICEE ¢ 3B MME.
R CABEZLEOBRHEETL., BiAS
EFTOEKRBE TONPHEZEOHAIZ DL
TH#Li=,

LIEZBHABEEDNPHERD IO—Fv—h

[ skg@meont) {28 posaorst]

| MRI(CT) TR -+ 25 ISR 830038 O B/ ME (MRI 24KER) ) |

[ I AR BBFR . Tap test(BLE), Ro test, CTC,SPECT) (5-7HRIOAR) |
| swas | 1| FABEOBR |

EAMICETE LT ERAVT, GRS AR v M OB EEOAR)

| e DR OB ESRE +OT: M. 1A GRIRED) . 15 A %)
I
[ 5%, 1 ERONPH scaleDFFE. SPECTOIHE |

BEEORNER: 2003-1HE

« Total: 24 A

~EEHR: 68-795% (ET765E)

- M/F: 10/14 A
-EREAR 1y B-3F (Fy64 B)

UMK BWE
(25 H~2%67H)
- FHTEEH 1445
—ZEBl2fl, wE 10, TE:2
* SR 0%
» Over drainage: 14%
- I MMESr B CORERDOERE

g . - SAEEORE
HITIEE 1 100%. BAEE :75%. FREE :54% e
* Tap testtlZEHl:86% n‘?9/12(75%(?

—RBEORE
-4/10 (40%)
MRIFT R

EMBOETA

72t i

IR 67 BRI RAITETT 2S5 TES

MMSE: 26

REZHY

3mup & go: 14sec

firtg
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SHROBER

- Parkinsonism, Neurodegenerative disorder’& @,

BICHBOEAN v bESh TS —X
~ fifEiFollow D HARM A ELY

- FHEDP A definite INPHEWVS BT
= INPHOERITh DS

- P MEE | IRERISTLEEOE DS

LR iR B EE R R R T
BINPH7 U —RAEDHRE

- RIAERTOZEOELE?

iNPHS B

Results el
Qa-1A :
- B1ET 7 —h(2003%) oox |
— Bl =Eg2Y%
- 59/72855% ;
« B2l 77—k (2006%)
— AR E286% IGA;:U:
- 47/55855% ey
QoA
FEINPHF AT -5 LA Tap test
o
favornt | N
9-5A | (HuDHFITLSE
O4-1A | BEAfToTG |
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" lOREZE
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Bk, v b A EGEICHERIETOES
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- Tap testD EEM ., INPHEEBEHAFSAOEE
(FEEBMERE I TLV =,

- INPHOELG LM, ZEHOR.LA. BEEDE
HEMLIE, WEEFTRBISN TLINPH
BEOQOLBEICEETHIEEZ DN,

E@iﬁSEﬁEﬁ—Go oo

- MR ELTINPHRS — L. Tap test .
MRIFIRETDOF A ORI EIXIER T
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2006.1209 NPHII&#E HR.Z

SINPHONID R EHS LU
fth E oD prospective study DIk & L8

:EU studyéItalian studyEDHEREZSHT

SINPHONI BEERERE
BREH. BNER

Fhe
BAEREKAEMRE
BERBERERERTRE

TRI BEEERRGB L 5
(HSHEHETIKH32074)

Time course of registory No. in SINPHONI

:fz FERGEA 117 cases
100 S
NI

| aEmRERe P

30 w1 3

v | wRESRH 5 I i od]er

0 i §

50 T : g

10 “E“ . !

30 28, i

20 o H

il o8- E} o

s Al i

Nov.2004 Dec. 2005

n Sep.19 2004: Kick off meeting
= Registration started from Oct.1 2004.

= The total registory number was reached at 117 cases and
so registory system was closed at Dec.28.2005.

SINPHONI FhRi#E:R
- 2004.0919~2006.1101 -

. 2006.10.14 true registory : 117 cases (113 fixed)

H Male : Female = 63 (53%) : 48 (41%)

X mean age = 74.4 (median=75)

X Evans’ Index : mean 35.9 (median 35)

X Lumbar initial pressure: 12.4 cm (5-19)

2 mRS = 3 (274= 95%: 2/29, 3/26, 4/35%)

1 ZCBI= mean 30.43 , median 26 (1 "84) ., scale 0788
Tap test

= iNPH GS-R = 6.8 (2712) (post tap = 5.5:0712)
H 3mUAG = 234 (87108) (post tap = 20; 87106)
o MMSE 20.2 (3730) (post tap = 22: 3°30)

SINPHONI protocol

Typical iNPH image

2 High convexity tightness (compact sulci)

i disproportionate ventriculomegaly : EI=35%
X sylvian fissure dilatation (95%)

" Focal dilatation of sulci = 75%

" Deep white matter changes = slight ~ mild 64%

SINPHONI protocol

CBF distribution pattern (107)
3D-SSP in ZI-IMP SPECT

Anterior type Mixed type Posterior type
Prefrontal~ant. Cingulate Frontal ~ parietal Parietal dominant
50% 30% 15%

it is possible that statistical evaluation of CSF imagery via SPECT may be
helpful in distinguishing iNPH patients from patients with other types of
dementia, characteristic findings for iINPH have yet to be identified.

SINPHONI protocol

CTC: CT cisternography

IOHEXOL(180 mg/ml) = Jodine 30mg/kg-IT

Ventricular Ref.
Gr 1~3: 50%

Parietai sulci
Retention = 78%

Cortical enhance.
68%

o] 1 2

R Test is considered positive if there is retention of the contrast medium in the lateral
ventricle, sylvian fissure, brain sulci of the parietal lobe, or the brain parenchyma
48 hours after the test is completed

3 point
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Post-operative results 1)

Post-operative results 2)
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r Neurosurgery, Neurology, Radiology, Enginearing

Taxonomy ~ Classification?
1 Evans index > 30% = Definite iIRPH ?

LOVA

Functional
Aqueductal
stenosis

Summary and Future perspective

. 1) eticlogy and pathophysiology
2} taxenomy ~ calssification
: Dizgnostic Puzzle
_ 3) Re ~ ICP/ puise amplitude
. CSF (ICP/CBF) dynamicus
Bulk fiow theory vs Hydrodynamic theory
4) Biochemichal marker
6) Shunt characteristics
: shunt system - nomencaliure 7?7
i 8) Adjustable with ASD - OK
hydroovph:iuog: 9) EBM: Prospective multicenter trials

Prospective multicenter Trials

Registories & ongoing studies (2006.09)

Kick off/Size Contents Results
Swedis| Mar. 1st.2004 Symptoms
tongitudinal adult { 430/ INPH 143 mR! Follow up

hydrocephalus
surgery registory

Web system
Variable HC & system

Before, after 3, 12 M

? Elastance Excellent 22%
Ttalian 115/ 18 months {ICPamp./meaniCP) Good 45%
# Surgical compl. | VP shunt 81%,VAmixed Fair21%
NPH study Transient 4%
mRS, NPHGSR, ZCBI
Sep. 1st. 2004 RI, CBF, CTC 12Mm
SINPHONI 117/ web system Ta’p test,
CHPV CHPV managements
European Mayl12th, 2006 Duration of symp.
Proposed No.200 | Tap test (50cc), Ro, 12M
NPH study PEG board test

( planning: 4 y.)

Web system
CHPV (initial 12)

Option: PET, MRI, SPECT
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International Movements in iNPH
Ro-—Buik flow theory (BFT)/ Hydrodynamic theory (HDT)
L BFT vs ?ém' ....0F next New paradigm?

us: NI gmnt o

.. Japan
BrainChiid- mission ¥ : fs'fmriaésx
(pathophysiolegy) e o i Pg?ﬁﬁgé
9
Shunt registory:- - MRI}CTC
T FEL: ~SPECT.
$ " epidemiology
From L

Bulk flow thoe;y Bulk fiow theory ...Suspended...
To ) BFT or HDT ?
Hydrodynamic theory Unified regulations

A "re-classification” or at feast a “re-thinking” of NPH
might become necessary 1t

ENPH - Future Perspective
: common key words

n Taxonomy ~ classification

x Diagnostic puzzie

x Pathophysiclogy

x CSF dynamics {Ro~Hydrodynamic theory)
n Bigchemical marker

" CSF shunt characteristics

H Prospective multicenter trials

A "re-classification” or at least a “re-thinking” of
NPH might become necessary 1!}

Schema of protocol in SINPHONI

60~85 year old

! INPH symptoms
INPH scale
CT/MRI

Evans index > 0.3

Possible iNPH Temporary registration
T
MMSE Tap test Evaluation
MRS Normal pressure MMSE
ZCBI Normal CSF J} NPH Grading scalc[
3m up&go (time)
1
Full Web registration _cr
cisternography

I

« Shunt operation
* CHPYV sct according to setting list (BM1 : Bwt, Length)
* Follow up 1 year after shunt procedure (3, 6, 12 months)

iINPH movements

2004.0501

2005.0901

t Now ongoing study after GL (SINPHONI and EU)
I The IVth International Workshop in Hydrocephalus
I May. 17 20. 2007. Rhodes moeting

Now ongoing iNPH study
in International movements.
n 20040801 Swedish churt registory

430 registory/ 333 Commuricating HC/ INPH 133
1 2004.0819 SINPHONE CHPY 117 cases

n 2005.0401 MBARARARERSR
" 200x...7 Helian INPH prospoctive study
115 avsilzbls cases, 18 m follovr up
% 2005.1001 US NPH Rogistry
Longitudinal, Dofined Population, Prosp
Expocted total enroliment: 3000/2003.0512
2 Eurcpean prospective INPH study
rooosad 200 cazes by CHPV

H 2008.... US communicating HC rescarch mission
Hydrodynamic theory : with Grants from NIH

study
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Base line data: ADL and care

nmRS = 3 ( 80%:2"4)

i ZCBE= moan 30.43 , median 26 (1 "84) .. scale 0788
HiNPH GS-R = 6.8 (2712) (post tep = 55:0712)

X ImU&G = 23.4 (87108) (post tap = 20: 87108)

x MMSE 20.2 (3730) (post tap = 22: 3730)

prognosis of iNPH after shunting operation
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