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ChA 2 s

Phantom |}

St st e 2719 MR A4z uel Jg e
7t gEREAY JRE @7] Hse OS5 2E A A Y
phantom$& AZ3Ath. AA phantome A 72 279
latex 25 T4 A(23 cm®), B(2.6 cm®), C(46 cm®) & &
(water) 2 9] o] &5 & (agar) 22 A& At Veks] 3t
% (immersion) A A phantom< A Z8IH T (Fig. 1). gl
FAA7171 Ao o] F4ES ¥ (volume)E Archimedes
°J?/1°ﬂ o Z42+& 33 SH ¢ T Haste] AR F o] xEo

2 A%tk £4 phantom AR phantomolA AH&d T
g 37]e] uFFA A B, C o
2, AA phantom2 MR 29419 gadolinium{Magnevist,
Schering, Germany) 349 (1:5000 dilution with water)
< 247t AE ¥ AA phantom™ FYF Yoz #7}

24471 (corn o0il) S ©2

Fig. 1. Three dimensional volume images of 3 balloon
phantoms (A, B, C) acquired after processing of MR im-
ages. The volumetric data below the each balloon repre-
sent the volume measured by MR volumetry.
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phantom< A &atsich.

A Yo

AZ%A oz Hgels) MR 944 ¥44 #99] 0|4 5

£ 49 3082 UgeR . oF F At 16, AL
14 3el913 el 204914 46051t

AxA AAL interictal 2 ictal EEG, PET, SPECT, MR
Ax, AGH AA 52 £F oHH Z25q7kA el 7HE ol
deiggon Ar we 2898 o ARk oIF 6

Ei AT olE F EAL
ol& 9Ald A 55AIALE. °|& F F
A A7 174, HEFoIURD &
A7} 11011‘55}.

MR &

Phantom, 334Q, djupAsts gap BFdA MRYSS
1.5 T MR 947 (Magnetom, Siemens, Germany)®l|*l
3D MPRAGE (Magnetization Preparation Rapid
Acquisition with Gradient Echo) sequence® AH&-3t9]
2mm FAZE 7—ﬂ.°i ] 42ch. phantom®] A-$ F4e A&
dhare] S Aglen A AU dint AstgEatelA
= "VE}"é"c}% doith. 29 z7& repetition time: 10,
echo time: 4, time delay: 0, inversion time: 300 msec,
flip angle: 10°, matrix: 256256, averaging: 1% 3}%]
=3

A2 Volumetric Rendering

Phantom, 347391, slvh3at5@ar 25 dojzl MR
data® graphic workstation(Allegro, ISG technology,
Canada) 2.2 $AA #4374 (coronal reformation)S Al
Hak T A g gF BaM e sinte] G H4
aakel e T 9 A B4 4 (oblique coronal image) -
2 AT8sach. 983 temporal lobe cortex®l gray-
white matter differentiation°] &¢te2 #asie 714 &
8317 ©% threshold 2% T8t ©] thresholdg AH-&-3td
threshold-seeding W& A &3 o] & manual-tracing® =
threshold seedlng AR ALE RYE £yt dHoR
3D object imageZ A8t workstationo] WAE AF =
A ZRadd e 2 £9E AMdATt (Fig. 2, 3).
manual tracing?l d7te] AAE $FAAe FH(head)7t
A% (amygdala) 9 §¢4A oz shchet Huldd o& 78
so] Hole -?'—5’477}7\1, 0}3}1&01]*15 2]4}3] (dentate gyrus)
W& AANY dZAE NFEeR st 9459 A4
(subiculum)«1 a‘l‘% A 2gEAn, FEAAE A
(alveus), Y&7%A< —f—a](lateral ventricle) <] %FT‘ZJI‘E—
g tracmgol golglon AAE dnte
b ez g B A 17P BEAste]A]7] AR E X
gslart.

SOOI EE Hi 24

7} phantom® MR #3923 23e} 47 %5 & v wate] 7t
Ao 2 24 oAE Ak BTN FH5 F9 dvie
Hog e ¥ 2 A gy RELAE T AL
A g3 A2 PFy FFAAE o 5 Ao £EE

Fig. 2. Three-dimensional volume images of normal hip-
pocampi in both sides acquired after processing of coro-
nal MR images. The volumetric data below the each bal-
loon represent the volume(mm®) measured by MR vol-
umetry (R: right, L: left).

Fig. 3. Three-dimensional volume images of both hip-
pocampi of a patient with left temporal lobe epilepsy ac-
quired after processing of coronal MR images. The size
of left (L) hippocampus is significantly smaller than that
of right one (R).
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TRt SFATAE $xe] ¥ 23 ANE FJAELYG vln
gt A7) &S Ao e N} Sojxo W3 7
ato] AAdg AHrEe] =28 AEEyY. 281 MREYS
AATY St MR GG, HFAdae ¢ dAzs
Hlmste] SEHAANA sivle] MRED S 9 297 1A 2
H7hetd

EHX 2/

SAA e IBM PClM SPSS/PC+ ver. 4.0(SPSS Inc.

Chicago, Illinois )& AHESHA T Y 2 #H$Afo] A&
Student T-test& AF83¥ 2™ cut off value EAoE
ROC analysisE 2 &3t}

2 1
Phantom BIjEX

2717k e Al FA(A,
o MR #3124 ¢ 44

C)22 & phantome AH&3}

3t éﬁr Table 1% 2t} &3 o3t
0.7%A% 17%9 W& W 44 gen FA9 =77}
Zold 48 S A7t Skt A8E B F49 Wi}
5 gkl vjE] A A FE( ater) o)AV 1 A3 7%= (oil,
gadolinium) oA 7ho] EAYF A3 5e HrE 24
o] Fezo] Aol &S v ] %ok},

Table 1. Measurement Errors of MR Volumetry of Phantoms

HAY0I0| soR o]

A8 AT AA L 49 ainte] Rue O HS e
Table 2¢F Zt} HFIEA FLAUAE d2F $2 220 +
O 73 cm®, FZ 2.17+0.72 em® F% 2 0.14+0.11 cm’®]

. AR $20] 2.27+£0.47 em®, FH=0] 2.23+0.48
cm’ -Jr—r 2} 0.1940.13 cm®]9x AAGH S $20] 223
+0.61 cm®, 350l 2.240.61 cm®, &% 27} 0.16+0.12
cm® o]t} Table 2014 EEHA7L 0.61 Y2 HAsnpR
¢ 95% A& 1.0-3.4 em’] B}, F9¢2% 0.05
2 3t &9 S3 Jztd dlnte] F3ate] 7} et st
o T test2 AR HE ol F23 2 AT}

SF2HE EAI0)M2| sHOMFT]
SEHA SATAAY &5 Fuie] Fog H¢ A
Table 3¢ 4/}} A9 7@*&]2} gb;ﬂ u]l,_o}oa;} BEESY

em®o| ATt

HANOITTY SOIESIS EXKTO] SHOMRE]S] Hlm
simkesl AojRe] B4R BAE0] BALY Bx 7
o2 B7] YelN A4 HAZNAY sutel Ry 2xg 2=

Kind of balloon phantoms  Materials inside the balloon phantom  True volume* MR volume*  Measurement error**{%)
A phantom water 15.0 15.2 1
corn oil 19.7 20.2 3
diluted Gd.*** 17.0 17.7 4
B phantom water 3.0 2.5 17
corn oil 3.5 4.0 14
diluted Gd.*** 3.2 3.7 16
C phantom water 40.0 37.5 6
corn oil 46.0 45.0 2
diluted Gd.*** 45.0 44.7 0.7

| MR volume - true volume |}

x 100

* unit: cm?®; ** measurement error(%) =
true volume

*** Gd. =gadolinium

Table 2. Data of Hippocampal Volume Measured by MR Volumetry in Normal Adults

male(n = 16} female(n = 14) total{n = 30)

mean* +S8D** mean +8D mean+SD
Right 2.2040.73(1.0-3.5) 2.2710.47(1.4-3.2) 2.23+0.61({1.0-3.5)
Left 2.174+0.72(1.1-3.5) 2.23+0.48(1.5-3.2) 2.201+0.61(1.1-3.5)

R-L difference 0.1440.11{0-0.4)

0.19+0.13(0-0.4) 0.16£0.12(0-0.4)

* unit: cm?®; ** SD: standard deviation

- 50 -



% FANY 23 2 23lxe) BEE Fig 59 =ASHAT

5
2,
o,

ox
U
lo
4z
X
M
fd
S
i

= 2
M
M
to

*ﬁ = %’g%’—oﬂ %Eﬁ}% H S5 g e 5 A

b F &R0 A %H glo] FH5 At AT E AE Y F

Atk &5 sinte] FHArel dAA o)t Akl Y]

FOo 2 AA3a o] & WA 7o nE FF U=} Solxg

WSHE Table 49 =A8E Y. Ad7|EEs #5532 0.5

cm’® o] o2 g BolxE 100%°1Y WSS 43%E ALt
3¢ S

=R
_>;'_‘,_‘
(=

AA Zas AR =S ﬁ%
oAr W=7} 64%H =2
0.4 cm® o]*o] AH T 7]% 2 X
ol & 7zt 61%, 90% ATt

_Hi‘
olAA] grola] A 233

J 25 ojuje] WIZtws} 5

Table 3. Hippocampal Volume measured by MR volumetry in
Hippocampal Sclerosis in Comparison with Normal
Hippocampus in Normal Adults

sclerotic hippocampus normal hippocampus

mean SD n mean SD n

Right 1.39* 0.38** 17 2.23 0.61 30
Left 1.56 0.65 11 2.20 0.16 30
R-L difference 0.51 0.41 28 0.16 0.12 30

* uint: cm®; ** SD: standard deviation

s &
4 £
- . o normal
Es &F ¥ A &
& sclerosis
2 & F AR &g
1 moan o orn o Aa A AMAOBO MO 0O
. 0 - ’ T T T T T T
Right 4 -3 -2 -1 0 1 2 3 4 Left
Volume ( cm®)

Fig. 4. The distribution of the volumes of hippocampus
of normal adults (squares) and patients with hippocam-
pal sclerosis (triangles). Minus numbers represent the
size of the right hippocampus. Note that absolute vol-
umes of normal hippocampus in normal control group
and abnormal hippocampus in hippocampal sclerosis
are overlapped in many patients.

MR RmE32| 2|o|2f &7

sfofe £oH It MR RILSZEIf & HSHEE2f
Hjm

£9r4Ql MRA= I} HEG3 9] 2 A =& vlwsii<
uf AT 28elF <A MR A9 HFAo] dA 7
$= 234 A e A5 5. ASA B
bele] ZAZke] 7Z$-& Table 59 248ttt o] &4
MRAI¢o] 3ol 47t 29, A e2e 45 A5

Table 4. Sensitivity and Specificity Determined by Changing
Diagnostic Cut-off Values of Right-Left Volumetric Difference

cut off value sensitivity specificity
> 0.2cm® 0.75 0.50
=>0.3cm® 0.64 0.80
>04cm’ 0.61 0.90
> 0.5cm? 0.43 1

Table 5. Comparison of MR volumetry, Visual MR diagnosis and
Final Diagnosis in 5 Discordant Cases

MR volumetry
no. age sex visual-Dx. final Dx.
volR*  volL* difference*
1 55 F normal 14 1.1 0.3 RTLE
2 31 F normal 3.0 3.2 0.2 RTLE
3 28 F LTLE 0.9 0.7 0.2 RTLE
4 22 F RTLE 1.0 1.8 0.8 LTLE
5 12 M BTLE 1.3 1.3 0 RTLE

* uint: cm?® {vol: volume, R: right, L: left, B: both, TLE: Temporal
lobe epilepsy, Dx: diagnosis)

7 g e 1
6 e
5 il
o normal
g st
“ . & sclerosis
B e o
2 N P PP
1 - Y LS Baa a aa A
o T T T T T T
Right 0 .45 40 -5 00 05 10 15 20 let
R-L difference

Fig. 5. The distribution of the right-left volume differ-
ences of hippocampus in normal control group (squares)
and temporal lobe epilepsy patients (triangles). Minus
numbers represent either right-sided hippocampal scle-
rosis or smaller size on right side in normal control
group. Right-left difference greater than 0.4cm? suggests
hippocampal sclerosis strongly with 95% confidence
level.
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o] 93}, threshold-seeding ¥ manual tracing ol 2% 3z}
o Qo FEA AR 23 5 A4 F ‘”T/} MR QA
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=4% @AV AR Fad ddelgty AZ4HY Jack T
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A & eate] dde BT JAYEAY A2 Al o
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3t9] threshold Z|F Al thresholdE WA oW AAxc} A
A 324 D40 FAEHA iAo 277t AE5E AAH3
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3 ok A Fol e #$- sfnte *‘d‘?f'-rﬂ—‘;—
2 Jack 5(1989)9 FA A3 2.8 cm® Bt} A x
2ol A 7FsAde] 912™, manual tracingdlA 1%
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The Significance and Limitation of MR Volumetry:
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Purpose : Hippocampal atrophy is one of the characteristic pathologic findings of hippocampal sclerosis,
for which MR imaging of the hippocampus is essential in the evaluation of hippocampal sclerosis. The
purpose of this study is to present the normal MR volumetric data of the hippocampus in normal adult
Korean and to compare those with MR volumetric data of hippocampus in patients with hippocampal s-
clerosis, providing the diagnostic volume criteria of the hippocampal atrophy.

Materials and methods : MR volumetry was performed in 30 normal adults and 28 patients with temporal
lobe epilepsy whose final diagnosis was hippocampal sclerosis. The volumetric data were compared be-
tween sexes, right and left sides, and normal and abnormal hippocampus, and the volume criteria for the
diagnosis of hippocampal atrophy was determined.

Results : The mean volumes(=+ standard deviation) of normal Korean adult were 2.20+0.73 cm?® {right)
and 2.17+0.72 cm’® {left) in male and 2.27+0.47 cm® (right) and 2.2340.48 cm?® (left) in female. The
mean right-left differences were 0.140.11 cm® and 0.19+0.13 cm?® in male and female, respectively. The
MR volumetry showed no significant statistical differences between sexes and between right and left. The
mean volume and standard deviation of the hippocampus in hippocampal sclerosis patients was 1.46 +
0.60 cm®, and the right-left difference was 0.51+0.41 cm®. In comparison of two volume distributions be-
tween normal adult group and hippocampal sclerosis patients group, the reasonable diagnostic volume
criteria was 0.4 cm® as right-left volume difference, in which the sensitivity and specificity are 0.61 and
0.90. In all patients with right-left volume difference more than 0.4 cm?, visual determination of unilater-
al hippocampal atrophy was possible.

Conclusion : The MR-based hippocampal volumetry is a useful add-on of visual MR diagnosis, only when
visual diagnosis of hippocampal sclerosis is difficult.
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