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Memory lateralizing Values of Different Stimulus Types in Wada Test

Ki-Young Jung, M.D., Yeon Wook Kang, Ph.D., Jin-Woon Park, MLD.,
Dae Won Seo, M.D., Seung Bong Hong, M.D., Seung Chyul Hong, M.D.*

Department of Neurology, College of Medicine, Chungnam National University, Taejeon, Korea
Department of Neurology and Neurogurgery*, Samsung Medical Center, Sungkyunkowan University, Seoul, Korea

Background : We studied the accuracy, lateralization criteria of Wada test in patients with temporal lobe epilepsy
(TLE). We also evaluated material specific memory and determined the stimulus which can classify best between right
and left TLE among four different types of stimuli. Methods : Wada memory performance were reviewed in 33
patients(15 left, 18 right) with TLE who underwent surgery and who were good seizure outcome at least 1 year follow-
up. Twelve stimuli consisted of figures, written words, geometric designs and real objects were presented after Amytal
injection. The recognition memory test was performed at 10 minutes after the injection and hemisphere memory
performance of cach stimulus and total stimuli were obtained by(number of stimuli recognized / number of stimuli
presented x 100%). Classification rate, the most valuable stimulus for lateralization, and suitable lateralization criteria
were determined by discriminant analysis and Chi-square test. Hemispheric memory difference of each stimulus was
analyzed by paired-sample Student’s t-test in left temporal lobectomy(LTL) and in right temporal lobectomy(RTL)
groups. Results : No significant difference was observed in pre-Wada memory score and in IQ between LTL and RTL
group. The classification rate of Wada test in terms of lateralization by discriminant analysis was $1.82%. The accuracy
was 75.8% at 10% and 15% lateralization criteria and was 63.6% and 45.5% at 20% and 25% lateralization criteria,
respectively. Figure was the most useful among four types of stimuli to classify TLE. Analysis of hemispheric memory
according to stimuli revealed that memory difference between hemispheres was significant only for figure in LTL

group(p=0.027). In RTL group, all 4 stimulus types had significant hemispheric memory difference (figure, p=0.000;
written word, p=0.000; geometric design, p=0.000; real object, p=0.000). Conclusions : Wada test is a reliable method
for lateralizing seizure foci in TLE. To get optimal results, lateralization criteria should be determined by statistical
method at each center. The fact that the most valuable stimulus for lateralization is figure suggests that material
specificity of memory is remain moderately in TLE, which have an influence on lateralizing seizure foci.
J Kor Neurol Ass 16(6):844~850, 1998
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& shebrleiaelA sl 1099) S5 $AHEo)
A e e g Hnilsg AR ol A FEold
ol A% A2 Sol4 (material specific) 71912

SfciAlM KFe| SFol e 7lole] past Y

Al AR b AR ARSI A,
SR BAF vlel 2R, A7 MRD, %
AAEISAY CED, WA D WA D

& golle AAN3YAF ia) & vehtA
ol ShebziAZt WEThe 715 F A Beddich
Fssick

8 Aokt Aol 9 £ A, ShehrlziAel
AgEle AFEL W) Dol (written word), Age] =
@ (figure of common object), 4%, F4EH T2l
Qzaol} Al Sl <ol W wielolq Aol 2o
2 Aol A5 gl HFIZF Bl shekd
AA 9] 719 (hemispheric memory)el A5 3
ol (material specificity)sl] wheh ez, Folal
Aol Fieh 2Anast sleigel Gakg wA: Ze) &
S B e F WA Z193AT AF 9
dlE EFelHA AR vl A 44
(material specific selective memory loss)& i
the AFEE glol, " sebiAE o183 aas] |
%% (lateralization)oll geId AFe] FHi7h T2 =
& 2% shizka 4749 < g

AT QAT el W) Flodo] BAFA
g 2ol Holl olzlo] ST, TAHY Aol A
& AAEch vt BE Washa ek w3k, WA
ofw AFo) WM 7P £5E F 4 YE Aol A
£ ol AAAA dgkew, BHse] LH7IE (aterali-
zation criteria), B AF A} Feheol ik
Agzt B Geleleh, ol shepzlA At EENS
ol QA g Aol AAET7 vhakely] wielet
2 s gkt

2 AT FEE 98 FT9E 9AES] szl
& FpHer fade] 1) stebidel AEstel w4
=9} 27 (classification rate) 4 AA% WH3} 7)
Fol vigled 2AGLE, 2) WEl A =8 E S
P AT FHe 3) AT Fiel g slde) BE
Aol s Boksiazl Alsialet,

Chat sl g
1. Aok
19949 109%¥] 19964 10974 4Hgeladd 23

2 ictal and ictal SPECT), 3 41342134
o ATE Feld, DAY FFAAE A B FF
WHAEE A S W 489F TE F 14 ol 3
Aol $¢ 4Ho L (Engel's classification [
and I)'“s}32 MRI4 8iinp4 22 (hippocampal sclero-
sig)ollolls o] glow sl olF3ot kT
ol XY 33PE AF e el e} FHUt
FFHAY A7 19, $HAWF S At 4gelgd
o o]Ee £ dFeliiE Asdeigiek @At 179, o
AR 169elglen], A5FLEAIElelt temporal lo-
bectomy, LTL)& A whe- 3= 157 o2 W
& 26.34|049] 10-404) elgiz, 18%e] $5FAAA
€ (right temporal lobectorny, RTL) #h#ke] 2 o
Fe 26,84 (49 16-418)olgich, F ARk UL
Agdel, $H72 ASAG 2 bR Pre-Wada
test) 4= §-213k Aol gigick(Table 1),

2. XiZel E8

AR ALHE AT FEL H AE9 29
(figure of common object), @] (printed -word),
%479 5] (geometric design) 2eli AF(real
object) 2 FPIGIer, § FAHZ Wl KF) ATl
A9 nEsle) & 12409 A% ANSRSHFie D,
ol A3 Ase W gles), sk 2T
42 (eft hemisphere injection) 223 T F4
A(right hemisphere injection)ll 2 7 oh& AlEE
ol gstgirk

ZzA

NS
a. figure of object

b. written word

. geomeic design
Figure 1. Examples of Wada memory test stimuli of each

category.
Table 1. ics of left and lobe epilepsy p
LTL(n=15) RTL(n=18) Total(n=33)

M(SD) Range M(SD) Range M(5D) Range
Age(years) 263 7.4) 10- 40 268(8.0) 16— 41 266( 7.1 10~ 41
Age of seizure onset(years) 13.2(87) 1-36 170 7.6) 0-27 154( 82) 0- 36
Seizure duration (years) 13.0( 8.3) -2 9.7( 4.6) - 17 112( 66) 1-27
Full scale 1Q %1116  72-117 992179 78-127 99.115.0) 72-127
Verbal 1Q 975113 74-117 9900700 77-131 98.3(14.4) 74-131
Performance 1Q 1010016 75-116 990017.0)  79-126 99.9(14.5) 75-126

LTL; left temporal Iobectomy, RTL; right temporal lobectomy
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Table 2. Mean pre-Wada memory performance (Standard deviation)

Figure Written word Geometric design * Real object Total
LTL 100.0( 0.0) 8440213) 91.1266) 977 86) 933(13.0)
RTL 944(23.5) 88.8(25.5) 888(5.5) 94.4(23.5) 91.6(233)
LTL; left temporal lobectomy, RTL; right temporal lobectomy
'Wada memory 0 of stimuli of stimuli presented) *100

3, Sic7|2iZAt(Wada memory test)

SHAAE Agety) Adeld 5 A7k Aol 471 A
AEE ol §sled, ofmriuleg FAIR] e el o
RIAAE Aste] SAEe] Y2AEE Prleln
9] 71942 (bilateral hemisphere memory)& %32k
o} 7127)242) (baseline memory) &2 mefetsick.

okRulg FAol] GAA 4 FRFENA Yol 71
2 2AE & didel=g goi AXY AFEE X BI
7Hsd & Rel 1dska glogks AXE Fgick

ez dslgus Fao] WATH £A4F 944
AR F ARG ES ARele] BFALY olBLF &
& DAY F oREpY &£6)% 75-1250% Aol
 Smiell EHW F 3-5% Aol £o= FARY F 5l
Aeis2 A (washing out)slgich, FAEAE F68
F& wA FAstel AR F ok 408 ol Yo wbr
& AARigeh, obRuplgE FARE 5 wbluha] o g
ol el AYHAA sl Pelolld A4Y
A5 AL BAA Aok Fell Ajalgich A5
Rl g3t &9 APVt AgE e oker] Aol Al
Al =l BE 3-5% A%t &esigich

71999 A 2Hol Ao ANFD st B4
SHglE v APgEr) B T4 F 10200 Azreigich
A A58 A (Tree recall test) § Al cheol) 3
AL FARE AFE P AR ez AAEle] 2 Folld
A D2EF sl A/ 24 ecognition me-
mory tes)E AAsigich, AYAANNRE PAE A
Z1%o] glekn Faksled = & g ARel=S ke AN
4 (forced-choice method)& Agsiglon], ¥ 47
ollAle AABAE 719 24l ol gatgich,

4, BAHEN

PZute] 719 (hemispheric memory performan-
ce) &S g vl A7l Bk AR AT st
102 ¥ A& 719344 SA AN AFe] A
Mg Fohgeh (humber of stimuli recognized/
number of stimuli presen-ted) X 100%),

EEA (discriminant analysis)'$“g g3 29k
Tl FAAN AARE ] FF) 719 ATFE FolA A%
FALAN $ETUAE A A e O e AT
ol ol ZAMA otuighy, £ 214 FAA ¥HE
(classification rate)o] o] A% Zgsisick.

P FAAY 1R ST S 7105

846

Ao) (&, P Z1-2pEE 712§ Allslel, A ¥
FAEA vleh AAE 48 53 HOR EHE AF
& WA (correct), WG oE BRY F9E 2UA(n-
correct), 2e)x ¥FE F gl 39E EHErHinde-
terminate) £ LPREIEk ellg Fel, £H71EA7} 1022
PRl STIE | A >10%9 3
ol AFFURAE BREE, <-10%8) Aol ¢
FEARAE, 2 Aelel bl $REIIR ¢ ohe, BR
7k SR Agels A FEE St vimele] Axet
YA AT, TR ATAE 0| A ekt &
FAENE AGAAA F A irgel @A geix
€4 Chirsquare AFo2 24397, 7H Bl S
JNEANE LA Asje} wlasigich

=3, F el 2 AFel mhE P wTRke] 7)ol
i G} 714 B ol dotnaAt bl A
22| Ao]g Paired-sample Student s t-test§ o] g2}
o] LARgT BARAE $SIE5} 0,05 ujel Hgol
fo] shekar B

z o

1. Stk AANPre-Wada test)

3 EE $5R9EAE F F A9 28 84804
2R ] &AL, ARFYNE B 5ol
%4 e Fo| SRe) Sl Zo) g, T A
<) FA) pre-WadadA 442 A Zoll Kol7h gigiem
€(31)=0.25, ns), A AFEZ YsiRolE F gk 7he]
AR AelE Mol AFS gelvh@dl; t(31)=0.91,
ns, go1; tED=0.54, ns ©AY; tB)=0.24, ns A
E; 1(81)=0,52, ns) (Table 2),

2. siciziAlel BuTe) BUS

vl R ATE B FUR kel iy A
FH(Table 3elld, AE4RA Canonical correlation
coefficient)7h 0.73162 &4 4553 F 4k Aelel
vlaA B ARRAE Herk(p=0.0002), HYELE o]
£ ghehziAel W Ee 81822013127 (Table 4), ©]
€ ) WAl o o5 g FEEETANE
X<l 50, 4%3v} 31.4% £ et Zoldk,

G4 9l 4ol BY dusigleny, 44t 8 E
Foz o} sebriAe AREE Zsglen, BAE
HE 10%, 15%, 20%% 25%% ZAs1gc}(Table 5).

BRIEX 1029} 15%2 B9l 927} 75.8%,
YA RFEIPE 7 7 12,1%0195H2-26.7, df=2;
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P=0.0000). ¥FAEAA 202 Aol A7
63,6%2 AAe] 8} Ugkorh, ¥UAE 12, 1%
AeH2410,8, di=2; p=0,0000), Wholl ¥HAFA}
25%9) A%, $ALE Asigient, YAgel 45.5%
AEE Ao Basiglm, Bl 48.5%0 w3
vhH2=11.1, df=2; p=0.0039).

Wl $5e) A% 5 29 Ade) W) AL AR
] vhebsen), shgol Bl Aolsin, BAE F 3
) ol AP B4 A F Aok el

3 xj5e] SRl wE aeuTel ol Ho|
AREARASHHLTL AN, 7 72 Flelze 2
9 S50 web A eheHTable 6), ol

Table 3. Results of discriminant analysis

schzAol AFe| R0 ©E Tlole] nEH WL

3 £ g A8 39 A2 AelE T 4
A, AT 1) B AT A ST el
ol 2 798¢ debEa(t(14)=2.48, p=0,027), B4
QA9 Al FAH Aol WAl gskert bk
FAA B g2 71 vehie Yl gldd
(t(14)=2,00, p=0,065). e} Tojsh AES] HSal
FHeAT 71of8e] Rt wAsA ddgkor, ] FFe
A% AAE Telhg e HE HpuTe Aol HolAl gk
ke,

EAHRRID OIS vl E7) AT 5o
A SR AT Sl AR R4 (G2
Z19g) ek 242 71 g Vel (0 t(7)=5.30,
p=0,000, =l; t(17)=-5,97, p=0,000, lA); t(17=
4,61, p=0.000, 28; t(17)=-4.60, p=0,000), A= &
Ag a2 Atels Fp0Te e Jolk glek
(17=6,42, p=0.000).

07316
Canonical correlation coefficient function 0002)
(p=0.0002 oo

e o 1. sicziel Fatse Bas J1E
stndad scimiant ociiciens (5000 sleigsdel Bkl 5718 ateralization

object 0.1199 criteria) = gAlch Ftev], mebd AAe] ATEE

figue 0018t
nstendard dirimiantconicions. ™ 00013 ‘Table 4. Classification rate of discriminant analysis

design oiz6 redicted grou

objct 00027 Actual group L P
constant 03178 LTL RTL

iroids LTL 11394 LTL(n=15) 12(80.0%) 3(20.0%)

group centroi RTL 09495 RTL(n=18) 3(16.7%) 15(83.3%)

LTL; Left temporal lobectorny, RTL: right temporal lobectomy

Table 5. Accuracy for different lateralization criteria

Percent of “grouped” cases comrectly classified: 81.82%
LTL; left temporal lobectomy, RTL; right temporal lobectomy

Criteria HMD>10% HMD>15% HMD>20% HMD>25%
correct 25(75.8%) 25(75.8%) 21(63.6%) 15(45.5%)
incorrect 4(12.1%). 4(12.1%) 4(12.1%) 2( 6.1%)
indeterminate 4(12.1%) 412.1%) 8(24.2%) 16(48.5%)
267273 267273 19.8182 11.0909
af 2 2 2 2
p value 0.0000 0.0000 0.0000 0.0039
HMD; hemispheric memory difference, right hemisphere memory minus left hemisphere memory
Table 6. Mean Wada memory performance' (standard deviation)
Figure Written word Geographic design Real object Total
LTL
L injection 80.0(27.6) 53305.1) 51.130.5) 66.7(33.3) 64203.6)
R injection 1(35.3y 53.3(30.3) 28.9(33.0) 64.4(29.4) 51.7(19.9)
RTL
L injection 38.9(38.3) 27.8(28.5) 24.1(27.5) 35.2(33.2) 31.5(23.1)
R injection 92.6(18.2) 81.5(26.1) 61.1(34.7) 85.2(23.4) 80.1(20.0)
LTL; left temporal lobectomy, RTL; right temporal lobectomy
"Wada memory performance = (aumber of stimuli recognized / number of stimuli presented) * 100
J Kor Neurol Ass / Volume 16/ December, 1998 847
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vk viebdel, Loring$ e 3 449 AF oA
3h371019] Hol7t 25%014Q) A5(F AT 49l Rel7t
el 49l 79 & A58 J1Ees Hajel, axATe)
ZAgolis 56%E, AEAFA Aol 60%9) ARG
2gick, Perrine$ e & 6719 AF FollA 7leisid A
F2) el Holrk 2ol 9 WxAe] AFew
Aok, 71.4%2) BHEE Bk,

B ATE $FVIENE oz AeA g $Ad
ol elsjo] EEE Peigil, o 8L.8%E veht
A £ A} BAM e deld 0 ARES AR g
vk @ gigich o) WS JIEoE ¥ 2 A
El9] gl ERIENE 15%4 5% e 2lo) erde
v @ G ek & 20%% e Bl $Ades
A g 19%3 50 dekos, 254% 7S
2 gF i fode] DAY i B 9AE Mol
A AARAE Agfelr] YEA Aok 10%E AEes &
7ol 15% Aolzt sl @igldl ol Ax A5
Gk 127000 71908k ¢ 5 giek &, A Aelrt
& AN AS-(1/12)00s 8,3%9] Hel7k g, FAHA 2
Follis 16,722 Aol § Held, 10%9} 15% Aele] 2+
ol vk glol F Apelld] H2E AoE a2
Zelet,

whebAl sebziAel A AAAte] Z1Es ATl F
Aol 2fl ek e S gleme, 2 Ak
TEEA AT R sle] HAY IENE Fehs 2ol
ke o Aew Ak

AR e Welg sk MAdNY (stepwise
method) & & WEEANA, Wl 74 AF F 29 A
ol F Aehg wshed 1M gge) Aoz vieh
T, o] £ t-test Aol A% & F Qo] - A B
oA 27 ATl Fpabel 7]eigel7t Azt A vhehd:
Zdsish 4 AAeke d7olek Rk, AR Adeht 4
AFE iAo F A ke Yoo gy
o] A7 vhehgtewl, ol Zlelel EAKolYol F ke
Thiel] Qe vl A FANIE Bk,

Htoll Loring & FFHA ¥AollA 23)st 2%
o B AT o9 shehiAelA, 23 A A
ol $EFZY WAL Bashell E3§ FAAY,
HEFPY PAAE A7) Z1odel] Aol gisd
3, AR AER] Aol F F 2yelA Wb sbseh
o, M4 WAstel glolA a7 AFrhe Agel v
Frgeteha Fale] & ks Ahllsle AR 2sich

2 XiFe) B0l miE W et Tlolel §al ol

stebiiAsh AN AT 1A 0 2 Aol
ok Zlejelol slotA] 5 ARe) AL Aol giol, A
o) F67h A A G B FAFAVD A 0
& o} WHPe] 719 (bilateral hemisphere memory)
EAolle o] G Ao Utkon, ol U WF
o) F1ei¢alol ol WA WPel BAAge R b 2
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Solet, =

ARTARASILS) A%, 2900 iRt B3 Fa
slglenk, Soloh Agel it BASKe S Gsich AR
Qo) Aol 9T lofAjolrt o= A% Yok,
079 7lodo) 51%3E2 29 AF9) A9ck 4l
el gl R & 5 vk,

oliz uldlo} Jleloll distel s FUTF @V
FAlsA GRS, BT 715 ol Aee 2a
slof 2% AT F1ojol Aot g B Aoleh, TR
AT WAL TR A A7) 71elol Aolrk
s Ao g eich .

b AR BRI SIS ol g8 WA
S Aol 20 AFRE: 4% Aol ohlet 2 Al FH
o el AREA A BeF ST %3] 2gole) Hx
Q% uIRiold Aol gk Telh DAEHS] Bl
WA B2 F 4 9 Aolek EQ AgFuT
AR Tlele] $AR FRel Yeve® Al 7]
efgjo] gl Lot BRUTFI kIRt AR 25
S ol AT WHE AAE F ol 4700 © 5

g2 o] HE 21 thobtt Zlolek,

FETRAASHLE 23] Sl Wlgle] B
3t Fsiglen, A5 Al S kA 4l
oA, $AFRARAIE Do) Bslol A2l B
W E e A g Aes ¥ 5 Atk

B AT AFFIVAY A9l Goh} AF %
ol Fle}e ulax apuFol, 2ol BAE: FuFel

Sl EREAL lels) A €3 Solel EA
& U & slateh ol AT WieE s} 241
ol 71ojol delod k9] Bgtol $uA Lolsio)
wlolel, wislol] ST R o] L visiobd 7]
of moll ol 7 SR Sl ek, 3
Wk ol Zelol gk A1 FFAE slewl e
Sl MRS e U & S ek et
Sk AHo] hE Aol vlsl Zlelele] 3 Aelk 7
2 A2, olAE HA Aol Aol YEshver-
bal encoding#h7] ofeis) el wyzgel A 9
ol 7o) 71k,

3, ofciAllM ALSSE X

S ASEE A 7 Aelvit F57) el
& R e ATolet atelzke ANt g7y
o] Az et EEF ol Ao, APl A
ekl Vet giek M Christiansong!'e] d7eld
£ AFFIRAIAE FAIH el (concrete word), 4
F aela 9F DPE $RFAAE A Dol
7h #UTol FA8 7o RelE Belw ok dTelie
7 olo] y|ejo] amzal WAl $AMERI} A5
=g, ol AFe] ke Aol Bfo) A ez
vk sigich, Perrine§*e] ol A3Tazuel
7%, Wolsh 2R a9ukTol Aol MolAl et 1Y
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0] BEHel] B3¢ FA Fgork, FeAst dale 3
e} F1o el el Helg Hyrk w3 $559%
Aol wile) AeHe vehiigls, ol Aole e
AFEE Holiell 71Ut ol §H AFuchs <o}
o ulRlold AF B5-F aF o)gahs Zlo] sHuivhL
FAdgirt, Roman$”e] Q7oA <lold A=, A%
A AT aela 2 AR vled A, A59AE 29
& 790l 23FH BEshEel 7 Bk

2 23 AR deiAel] A8 AFovE, o]
# 7lejolle FAIHQ ol (concrete word) & A7
F1jell s CAR] el AR ol geistid, AF
o] AR 7)ol BFSlo} QL HlARe) Aol EG
A 710g A F ek dole 9 Aol
U FAER FAE] glol, BE AREe] A AAE I
& & gleke g3el YA, A Fahvisual en-
coding)7} 4137, ¢Jv](semantic mean)t} FF-(cate-
gory)7} Aol AFE FAHIA 47 A% F gk
g 7S Gk meA A REs) olgES
AR Dot SAF R WEY) YE ol rET
EFRE Aol Z1oukg A & Qg Aes Ak,
IR AEE PHezE AP sleelAt QlojRe
2 R Folstel S AT Z1odnbe 214
7% ofith E=E dF Loty T AT 7
ZAE TPPehE F v AR AL 9 Zeoldh

4 B

AREE 454 FTIEL WA F FE F 1 oY
FAWEONA Aol FEH 3339 PAEE e
SR E Bl Thgat e RS Adgiek

1 25704 Bl A el walel Aol
FAgle] vissshgick
B Aol AR sfeizide] e 81.82%
2 FAeE ASY & AT, BR/EAE U
72| Z1Xelrt 15%2 2lsig v 75.8%9) AT
£ Bgek
2 EE $ETHRALILE Tk Bl 7}

AFE 287 AFelgls, b2 wAel A

g 24 T ol
AFFQAAERDelAE 23 @ Al AR 7]
o4 STt Aoy, 242 Al Ui 7
A2 STl Aot figly, FEHFIBRAEAL
o Aol LE ATl visted 2] Alele] $
Astset.
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