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Abstract: We investigated differences in ventricular and hippocampal volumes between CSF tap test (CSFTT)
responders and non-responders in idiopathic normal-pressure hydrocephalus (INPH) patients and compared these
parameters in INPH patients with that of age- and gender-matched healthy controls. We also evaluated relationships
between ventricular and hippocampal volumes and clinical profiles in INPH patients. We enrolled 48 patients with
INPH and 29 healthy controls. Ventricular and hippocampal volumes were measured on MRI, including 3-dimensional
volumetric images. INPH patients, when compared to healthy controls, had significantly larger ventricular and smaller hip-
pocampal volumes. No difference in ventricular and hippocampal volumes was found between CSFTT responders
and non-responders in INPH patients. And hippocampal volumes showed significant negative correlations with Clin-
ical Dementia Rating Scale scores, INPH grading scale cognitive scores, Timed Up and Go Test scores, and Unified
Parkinson’s Disease Rating Scale motor scores in INPH patients. Volumetric assessment of ventricular and hippo-
campal regions may have no predictive value in differentiating between CSFTT responders and non-responders in
INPH patients. Our findings may help us understand the potential pathophysiology of unique symptoms associated

with INPH.

Key words: Idiopathic normal pressure hydrocephalus, Cerebrospinal fluid tap test, Magnetic resonance

imaging, Hippocampus

LA B

ExpA Aok =2 ([diopathic Normal-Pressure Hydrocephalus)

° F2H ¥ GAIA MBS s Aol U ¢
ol WA Se wol el BAoln, F2 KU WY

Corresponding Author : Uicheul Yoon

D5 St. Dominic Hall, 204, Hayang-Ro 13-13, Hayang-Eup,
Gyeongsan-si, Gyeongbuk, Rep.of Korea 38430

Tel : +82-53-850-2515

E-mail : yoonuc@cu.ac.kr

o] ZuhEe 2017 thprkEeldiskn sl Mgl ofst A3,

o fgﬂonsa} ke,

ox M
fd
rO
D)
N
olr
ol
=
it
f
o

S~

~
<,
>
>
_1 \(
o
o
o

ol
o,

P
)
r
&
=
,’:S
L
rﬁ. Jlm

T
m]o i o fr rr

A
Zo]4 Evans’ 1ndex7}
A 2RS A ol3h[1,2], Evans’ index%

2t Aole] Aelg Tz 71y

s} Aol S
A E (Ventriculoperitoneal

189



190

SUPPAQIREEOA S W 9% wAle] Huje} wHI oA -

shunt)e] A& o3&
AR 250
o7 o=ste
AR w2 gohe
*17(4 ngﬂ/vlo] x]q_]— Z] 2~

£ o3k Aol We Fasich a3
ok vjelsls e WUEAHE AR

by del AgEa gk SR, a5
ot 21 oA Aalel wolw,
o] At X Avieise] 23 5
AZRe $ARgo] WAIE 4+ 9ITH[4-6].

w713 Are] AuFael AL uSHel Wow
A SRsbAQl we] pad wshs ATshet] £-831eHT)
waA Wske Zo] ujghdor A3 AaEs Hag
o} 28t mlAl TS WHSHe Aste] QloiA] ole} e

w4 712 vl

& S 83f[8-1
32515F &% (Temporal lobe)e =
disease) Z7]5-E ¥z #Ao] dojp=
ATHS8]. of#gt A1 E] st W3t A2 Y=atolury 3
Aol A 2710 Subg g WS 958 u
otz ¥ A7) YA AATHE QAITIEH[G]. sfvte] 9IS
zstoloy ATge) 27 B4 EAAZA dute] 3
= gzsto|m o] Agtot= go] Frh d=stoluryofA
22 AYsl= H =l Ao |(Mild Cognitive Impairment,
MCI) 3117} sjjute] Bu| Zhart E3] A3k Aog da#A]

QUTHI0). SIS Bape] o] erafoln] 1

0]. slluH(Hippocampus)S
=510y (Alzheimer’s
Aoz Z deA

-0
—

___i
=T

2lE 7He Ae® EAuEITH1L]. E3 d=stoln 2|t
A% SRS TE A HABAAE A= 7t
Hhgo] U oz orex] QIrH[12]. RFHALR ] Z 4ol
Hjel 3 Z2Alo] SAHE= 7| A A= o}Z kA AEE

gzstoln] Wel7t A= Aol FFS

B ol 2% LA sl SuE e
Aol 8RR W H o] Fof FAbo] A
3} Qo] QA Uobr i ik, A
A8 ET WA AR g WU kel gl 4
o ghe] 912 WAl snke] Kug o

2 2 AN SWPALETE BAES toE 9
w4 9 sfuke] Ruet tlaket QAR 7H] TS
Hatect.

Hm JlN'

1. 47 et

20139 624E 201649 58717 DA HY )
AZZAE o gt §]'X]' -5011/\1 Relkin —94 At 7)%0|
upel S 9
2 i) %‘?jfxé*c} [55e 7“ 1_% 1) ®EolA

T O R
2 2y, 404 o e S48 T, 24Tt 3-671d9 Iz,
13 A3 4 SAolY 9 2de A9 It e 2

2] 54, 2) Gl HA 2] &7, 3) AWM
Haol7} REEA] EAshaA A7]5780 B o2l
A, 9 EHAARe F7F 240l §15(70-245 mmH,0)
o] AI%F 7]%0] uhet ol LojHrHI]. BARIRS SUAAL
S5 B ol W AES Tefslel $YUsk| W97
sk gle) el ot 20902 PRI B s

Ao AEg St AT A9 £]93](Institutional
Review Broad, IRB)2] 421-& wo} Zajx| ]t

N

SUBNISTE Silo| WIHE
®7)% W72 98] ‘Yoli} Aoi717])” AAK Timed Up-
and-Go test, TUG)?} 10n]E] R3YHAK10-meter walking
test)y5 AlAstch. TUGE SfAbollA dojutr], 3ulg 24
oj717], &71, Aol Boke7], ozt 7|9 =or Zlggsto
o] F2ke TSk Bl 2208 ARES 71E3HH4]. 10-meter
walking test= 4o A= £E2 100EE 24 st &
23 A7HE 7]1E31H4]. TUGS)F 10-meter walking test=
A4 o amsle] Baghe 712aHcHA]. Q1A 7)s 3
7He $J8l = 7o) YAATE) A AHKorean Mini-Mental
State Examination, K-MMSE), ¢JAFx|ujj# % (Clinical
Dementia Rating scale, CDR), g3t A= 7|5H7}
AAHKorean Version of Frontal Assessment Battery,
K-FAB)S A|343}9cH4]. H YA A = (Gait Status Scale,
GSS), Eshu}71&" A = (Unified Parkinson’s Disease Rating
UPDRS)¢] 2%7]57AA, INPHGS(idiopathic
normal-pressure hydrocephalus grading scale)& F7}2

AlEYsHATHA].

Scale,

w
ko
o
el
>
IIIIIII
OII

. E3} | &{4=oHul HZIA}
[FAAE WAL 30-50 mLE A3t & ZA4k0] T4 o
Hz2stgitH2]. TUG, K-MMSE, INPHGSE @337}
A& Fofl ZAste] Blaatgict2]. Bl
12 Hof| Brlsla A, Q1A 715A3 o] W ulieAoll= 13 Hof 3
7Feoleh. QAR ] H 4=l ujo} & TUGS] Al7te] 10%E
23)510] ALY, K-MMSE 347} 332 23810 &
AE 749, B INPHGS H57} 14 o4 Tded A&

o

S

SHTH2].

-
o
LU
Hm
du

4. x| MRI X2 &5

2 ¢tof -85 ¥ 7|58 ¥4 (Magnetic Resonance
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angle = 12°, acquisition matrix = 256 X 256, field of view

= 240 mm, slice thickness =1 mm ©°]t}.
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Table 1. Demographic data and clinical characteristics of idiopathic normal-pressure hydrocephalus patients and controls

Tap test responders Tap test non-responders Healthy controls

Characteristics (n = 36) (n=12) (n = 29)
Gender, male 24 (66.7) 6 (50.0) 11 (37.9)
Age (year) 73.4+5.2 71.1+£5.3 70.8+ 4.3
Education (year) 9.3+4.5 96+5.4 11.6+4.9
Duration of symptoms (year) 29+2.6 2.6+1.3
Initial symptoms
Gait disturbance 29 (80.6) 12 (100.0)
Cognitive impairment 7(19.4) 0 (0.0)
Full-blown symptoms
Gait disturbance 36 (100.0) 12 (100.0)
Cognitive impairment 36 (100.0) 11 (91.7)
Urinary incontinence 22 (61.1) 6 (50.0)
Clinical triad 22 (61.1) 5 (41.7)
Drainage volume of CSF 38.2+3.5 38.2+4.6
CSF opening pressure (cmH,0) 9.0+ 3.0 8.6+ 3.3
Apolipoprotein E e4+/e4— 3/21 1/8
INPHGS
192 GS-Gait 1.7+ 0.6 1.5+ 0.5
GS-Cogn 2.7+0.7 2.6+0.5
GS-Urin 1.6+1.2 1.6+ 1.2
TUG 22.0+15.0 15.3+ 8.2
10-meter walking test 21.5+21.3 15.7+11.6
GSS 7.6+2.7 6.9+ 3.3
UPDRS motor score 22.1+7.1 24.4+9.6
K-MMSE? 20.1+6.8" 20.1+5.2 27.3+2.2
CDR (0:0.5:1:2:3) 0:19:9:5:3 0:8:3:1:0
FAB 9.7+44 10.0 + 3.5
Evans’ ratio 0.33+0.01 0.32 +0.02
Narrowing of the CSF space at the high convexity 29 (82.9) 9 (75.0)

Values denote number (%) or mean + standard deviation

#Significant intergroup difference with Kruskal-Wallis analysis (p <0.001)

bStatistically significant versus healthy controls

INPH = idiopathic normal-pressure hydrocephalus; INPHGS = Idiopathic Normal-Pressure Hydrocephalus Grading Scale; GS-
Gait = INPHGS for gait; GS-Cogn = INPHGS for cognition; GS-Urin = INPHGS for urinary function; TUG = Timed Up-and-Go
test; GSS = Gait Status Scale; UPDRS = Unified Parkinson’s Disease Rating Scale; K-MMSE = Korean version of Mini-Mental
State Examination; CDR = Clinical Dementia Rating Scale; FAB = Frontal Assessment Battery

SUARISES BAE B HHSool AR ST 3 SUHNASES BX0IM 95 =AU sotel £oje}
(6.11£1.0002} B]HFSF(6.37+1.1T) o)A AANZH(8.67+1.12)  CHFSH lAtokAl Z1o| of ZhM

e} sfnke] Sul7k folulahA A9teh(p<0.001). WA 93 sute] K CDR H4:(=-0.407), INPHGS b}
UP45F BAE F St vIvk Aolo] Sjut o] kol 214:(0.312), UPDRS 2571524k 14:(0.316)9 &
Folulgt Aol ¢i9ick(Fig. 1, Table 2). o AeAE HGrkTable 3). 2 3jute] 3] CDR 3
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Table 2. Volumetric measurements of brain MR Imaging

Tap test Tap test non- Healthy

Post-hoc test, p value

Structure responders responders controls Tap testresponders Tap test Tap test
(n = 36) n=12) (n=29) vs. tap test responders vs. non-responders vs.
non-responders  healthy controls healthy controls

Right hippocampus (mm?)? f%%;i 527%%?1 :__145%(189 0.353 <0.001° <0.001°
Left hippocampus (mm?)° f%i%% f%%ég% 322%22 0.715 <0.001° <0.001°
Total hippocampus (mm®)®* fll(}(}f i’ ff’f ééZQ fff 11901 0.171 <0.001°¢ <0.001°
Right lateral ventricle (mm?)?* i632193 5216 i627 g 5998 é92 J_rl 87;(;65% 0.812 <0.001° <0.001°¢

. 2 77662.1 73809.4 22001.8 . e
Left lateral ventricle (mm?) L 987356 4993943 +8318.3 0.520 <0.001 <0.001

. s 147100.3  141108.3  40768.1 . .
Total lateral ventricle (mm®) L 594837 4403224 +15960.8 0.668 <0.001 <0.001
Values denote mean + standard deviation
#Significant intergroup difference with Kruskal-Wallis analysis (p < 0.001).
bSignificant intergroup difference with analysis of variance (p < 0.001).
“Significant intergroup difference with post-hoc comparisons
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Fig. 1. Segmentation of lateral ventricle and hippocampus in
MR images using template based graph cuts algorithm. The
results of segmentation of lateral ventricle and hippocampus.
Cyan color represents hippocampus region. Yellow color indicates
lateral ventricle region
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Table 3. Correlations between clinical measures and volumetric measurements of brain MR Imaging in idiopathic normal-
pressure hydrocephalus patients

Correlation coefficients

Tests

Right Left Total Right lateral  Left lateral = Total lateral
hippocampus  hippocampus hippocampus ventricle ventricle ventricle

K-MMSE 0.196 0.180 0.213 -0.043 0.001 -0.020
FAB 0.039 0.117 0.087 0.016 0.036 0.027
CDR -0.407* -0.331* -0.410* 0.244 0.148 0.216
INPHGS

GS-Gait -0.055 -0.103 -0.076 0.109 0.125 0.111

GS-Cogn -0.281 -0.297* -0.329% 0.192 0.266 0.257

GS-Urin -0.312% -0.027 -0.182 0.124 0.005 0.040
TUG -0.222 -0.399% -0.348% 0.066 0.134 0.105
10-meter walking test -0.083 -0.264 -0.192 0.059 0.142 0.106
GSS -0.146 -0.304* -0.252 0.228 0.198 0.218
UPDRS motor score -0.316* -0.345* -0.384* 0.063 -0.089 -0.018

*Statistically significant relationships

K-MMSE = Korean version of Mini-Mental State Examination; FAB = Frontal Assessment Battery; CDR = Clinical Dementia
Rating Scale; INPHGS = Idiopathic Normal-Pressure Hydrocephalus Grading Scale; GS-Gait = INPHGS for gait; GS-Cogn =
INPHGS for cognition; GS-Urin = INPHGS for urinary function; TUG = Timed Up-and-Go test; GSS = Gait Status Scale;
UPDRS = Unified Parkinson’s Disease Rating Scale
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