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A STUDY ON THE EVENT-RELATED POTENTIALS BETWEEN
THE PATIENTS WITH ATTENTION-DEFICIT HYPERACTIVITY
DISORDER AND NORMAL CHILDREN
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2 oYY FYLF P ob5el FIAAY PP PAGnA WAAVAAH (ERP)E 3
Aok, A9E BE APNEEY wase] thew 2L ARE A

D) 94 ol 9] Fol AW - HULERo] BolEe B AT FPOIEUTG Mg Fo 75
2 AFARYE ANehs 99 G2 (NL P27E FAle A2E 230 i AelEng 54

Hog FoatA Ad= YA

2) BokE e FAIS FBF A3 At FYIERY TGS AAtake Y FRAs} B

H a1 &Ko) F7HE ] ARt

ol% Fol 7922Y - AYLFHN BoLEE BYoERT 4A VWA Ao} FRD AT
Fg 71gole WE, FAE $Yshe HUdoln A% FYYFYL Polsurt Wojzrhe

ZEg ARt

F4 o] 1 3982y - AY LT TN - AR - A8 FFFY.

M =

FA9ZY - FYLFHNE T A7) = 879
ozl 71 3 #AHE FAFs] shizA, o
A %F 3~20%9] oF5 o] o] AFS skm Yk
3 (Bosco} Robin 1980). o] A% F8 949
ERozE FogZ¥Y(inattention), EFHY #F
(impulsivity), 3+%4&% (hyperactivity)el®, o]& 8

4 BAE 48] b (situationally) #3tg =
EAE e ol ol 552 7huts] ool YA Eahy,
oo} et AE B vy ZoAY, 929 R4 4
A AR, A7EY = g 73& A7A ¥,
UHE AREEY] FE diste] 2714 d9E K] £3}
o, 7HA] L& RS A &H o2 SuiR] B}

o] Ag2 20417} 29 von Economo’s encephalitisE
%2 oFeFoAM AYLEH FTH BT, FAH4Y

el ob5E9A B2Ho] Clements$t Pet-
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ers(1962)= ©|2 'minimal brain damage &
‘minimal brain dysfunction®|g} £t} F42Q
Hyo2E DSM-T(1968)dA Zolrje] HY&Fwt
2-(hyperkinetic reaction of chidhood)el2}x %5
Fow, DSM-M(1980)dA+= F9gZdge] 713 T8
§ YA B R 7FHo] FdF YR (atte-
ntion deficit disorder)2}x BYa 2, o] WF 9ol
1) B3JEsol T FAg@YH o) (attention de-
ficit disorder with hyperactivity), 2) $9&5°1 5
whEl ] L FoHAY oY (attention deficit disor-
der without hyperactivity), 3) A8 (residual type)
9] 3o}y o2 etk DSM-M-R(1987) A= F<
429 - 49853} (attention deficit hyperactivity
disorder) B39, DSM-I¢ 7|EL& HYE
Fol FuiEA] ¢ FAFAYG = v 2 F9Y
A¥ Ao (undifferentiated attention deficit diso-
rder)2ti BHEHAUL. AL 2 F YR dFelA
EEZN} TP Pl ME FaHbe] A, QA
A& A3 Aol T2 d 4 (inattention)} 7Y
€% - %539 9% (hyperactivity/impulsivity) 22
Urojle] Zhzte] S ol F el kB tidk wk3o
taoe A4S dAtHHalesT 1994). oldl ZA 3
o, 1994d4] &88 DSM-IVollM= FAH43/3%
$5 3l (attention deficit/hyperactivity disorder)
2 9ysdy, 1) FAH295AY JJF-354
A P59 TR T4l ¥ Us A-$(combined
type), 2) 2 FAHAdYZTHol JehE 73$-(pred-
ominantly inattentive type), 3) #42F -5
§5o] £2 el 3¢ (predominantly hyperac-
tive-impulsive type)® Wriith E tE FAHY
EFAAQ ICD-9(1978)ol e &oprie) HAUALFF
% Z(hyperkinetic reaction of childhood) 22 ™9
S ICD-10(1992) 04 = 29)-&F ol (hyperkin-
etic disorder)wiol, 1) 353} F2)BF ol (disturbance
of activity and attention), 2) FY&E 53l (hy-
perkinetic conduct disorder), 3) HlS°]% Fo}(un-
specified) 2 T¥&t 3 3t}

AAH WM E AR B3] P vk fle
U, oAl = Bk A%d Sl B HuE
(Sameroff$} Chandler 1975 : Werner®t Smith 1977 :
Nichols® Chen 1981), A48 HAldA o] d4H

o] Btl= RIE(Rutters 1970 Adamss 1974),
FHHQ 20| vk BaE(Cantwell 1972 : Mo-
rrison¥} Stewart 1971), A5H8Ha ¢l W3 AA
= $%(Satterfield?t Dawson 1971 Lous 1984 :
Chelune% 1986) 5 #733< aguvh= 7|3AU
299 gt YRS 7S AEIFE ARE
ot}

F984Y - JYLFFNY FdFde] 989 4
Frolzhe Aol tisiME o2 7RSS o] YA}
I glen, tekst F9] FAEE o)g3le] Meld F9
8g Q3= fAdA 4] A, Add 7Y &
F, AL =8E 7)&olA R B4, FART 5
o A& 58 Bug B dFE°] AUHRosen-
thal®} Allen 1978 : Ross$} Pelham 1981 ; Douglas$}
Peters 1979). = 19803 tjoll E0j9kA], o] Fofe] B
o ZEAQ AT F9ZH4(attention arousal)d}
o} 2% Sl (inhibitory control) &<l Fele] i
F2o] A (Douglas 1983), ol¥d Fg2Y - 3}
YeFEANE FARAFH 22 A FHA (cognitive pro-
cess)®) EAZL T8 AT =i

old AXFHAL Fotste el A7\ A
At} 2173428 Hape] ok, 27| e A A
dE 9y¥tal ¥, I3} o (quantified electroe-
ncephalogram, °l3} QEEG), AtA#A A4 (event-
related potential, ©]3} ERP) %o| it} Fo849
- G Fol Y] dukevie dFE v Bou 44
He 42748 adx B4 ¥} Montague(1975)= F
oFAY - BYEFFoNorsolA 8Hzolste Hztef 7t
) uk Alo)9) coherences} #2l&HAl Fthx &% a,
Ackerman$(1994)& 982y - #YL5 Ff ok
o] Aotsrtt FAFH AFM(midline)olA low
B band7t 428l 2 powerE ZHetha Rusdkyth
% Matsuura$-(1993)2 982y - HY 53 o}
FE0°| AotERT} 539} fast 097} B vyt A
Qrha 3t} g0 2 Manns(1992)0) 9HoA 124]
o Fo¥ay - AYEFH o5 QEEGAAL 3
A zZRT} 8 wave(d~T7.75Hz) 7} 715 1 B
1(12.756~21Hz)& ZAFo] AN olF% vt =
SA7A% A%} HLAES N2 dXER] g g
0]HQ) £7& BYW ol BAF Aile] g |4
Aol GAE ot Q7] W] nAAHQ HEHE o
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gHE Qoi7ka Aok thal FLs A E A PsA 8t
2, od FAE Fo2HA, AZHH o2 Fdsta 347t
T3 HuaA g Azt s ko] ALHA 1
E34Q1 o7} Al gAAS ot} ALARARNNH o) o]
Aoy UiRel Agd FHAdA vehie AR
(event)¥ BHE o] (related) QA7 ] HoflA] LA
e A9 (potentia)®] WHsex BgE F Ut
(Picton¥} Hillyard 1988). oj® &}=Zo] FFAZAZ
Eo7HE oJd ARE HoA MY, A, 7|9, YA
§ 59 51T 9 43E& AA AA7 YA ¥
£ HolA "t} of & (input)¥} ¥H&-(output)Ate]
o] B¢ FEA 2 B-AF HoAl Uehke A4
2188 d4do] ERPOIRZ o]& dFshe AL A
A7) 7]15E& A7 FAE YHEY. A Rolt}
ERPE A5 & AlAo] HAd A2+ 7|02 §Y
g Aol 23 A58 B Haveraging) st T
A& Jepe HaE AAS L A5 & A &
A Hohihs FELao A8, A5 F2 Al Hel
oF 100msec ZANA Uehle AWA SAAAY
(negative deflection)S N1 s}go)g}1 3}, 2 o
o Yehte, o 200msec ZA A Bole YAAAY
$ P2uigolgta gy, N2ujgls} P3s}y& #HE7)7}
Ztz}t o 250msec 350msecd =2 SAN AU ¥A
AAYE XA gt ERPY 338 5 N1 P25}y & A
B 2501 1 2314 (selective attention)E ¥HgErlzn
39, N29tge A58 d&3dez £ o, 7392
Bl Bolsla AR A T2 Al dis) Ar)e
Hgo 2 FFANZY AFuwE A4 (discriminative
process)S HHISiTh ® P3(P300) L 9o
AT FAS 9 2 AFE o A5y ke A%
AR 74 (perceptual decision process) S Htg gt} of
E 939 ¥ ZE/ZH 1 Y Fo J5YH
ASHEFEE FHE 5 A
FHAY - JIF5ZNY 1 HPHA FAo
FolgZdgolgld ERPY oldAazdg #EE F A&
Aolth, AE7HA] Bad FAHZAY - Y F5F el
ERP o] &7 473 dRd 248 2t o] d
T FFHE 2732 A, FYIFHA ¥ 24
(nonattend condition)oX FFse AAE A A 8=
ZA0E A AL 9, FARIIM = N1 71 Eo] AR
TN FouAy - Yo FoltolA Fris)

=

A 43, A7 27A9M ST B S v w3H S 9,
AAAnd FofAdy - FYEEFo) oA N19
ZZo] Arh= A(Holcomb®} Dykman 1983 : Satt-
erfields 1988)7 &4, FHAY - Y &E G| of
oM N29| WZo] AR} Zu FoAZF §7
7 vehA] gete Rolth(Loiselles 1980 : Ro-
baeys 1992 ; Satterfields 1994). A=+ F9Y
Z2Y - AL EZNZAAN Bt Rt P39 HAZo)
21 FE7|7F Acke Rolth(Holcombs 1985 : Zam-
belis 1977).

£ 47y FAL FAHAY - 3YeE5F oFs
ERP £7& 8231 B4 o5 247 vuste] 4
2 71%749) o) 278 &Asy] A o|FoiHrt B
AT FMEA, FAEAY - HYLFH) ob 5 A
Agolsol wls) FRFE 278 A, AdF
TS BHG3s N1, P29] A Zo} 2t #AB7)71 2
Roleh= 7Hd-& At

ATCHA U

1.
1

(1) 79849 - FYLFZ| gl

19959 39 1594%-H 19954 8¢ 314714 A&l
Y Aol F2rEAAH e PEF FolF
DSM-II-R4 F9HZEY - YT F N A7 &S
BEA T ol GEX E (methylphenidate,
pemoline, D-amphetamine, clonidine, antipsy-
chotics, antidepressants)& WA @AY 25 o4t
AREBEA] §9kaL, AlZka Azbol Agdoln ol o]
dstn AAE 3 F e obsS AAs. &,
7+, neurofibromatosis, ¥F% 9 4748ty g
o] gl Ztolo} DSM-T-Refl &JAsle] 2u %, AAlR
EF, TLELF, Bl §o 2de v gole= A
AAAG Bgef, PFFe] o] Fukd FE A9
A}

(2) o=

AEA B S} 24 FRY M FE8% 1
A 7ol AAoln AFAARE AldekA ey

5]

Toh

7|

0z

=

A
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Az A A A Yk ddEE
olF S AR AAE(ETE 1990 mjEEd &
2)o] /e "DSM-I-Rell 443 sheta] 53 o)e]
FEFZHE A o8 FgHYF P2 AP ofF
& Aojsgn. 29 17384 283} DSM-TI-Rell 4
A% Axis 149 T2 28] e o5 d7uil
A A2 skct.

2) I7ers S4

(1) 4829 - AYF 3l fol

1995 39 1597 19959 849 31U7HA) Ao} - &
2 AT E FolF 38o] MAHNoY &
o5 7198 3 7129 BYo] Qilm gyt at
ol A thuat bl s A7o) RS o YAt A
A3t F 3789 FobF 319o] ol 6L
oolirt, 1 Foll A AFAA|, B5ol, whaAo)s} 5
B 498 AEAE W FAEAY - HYeF AN
e 7hA ZobE 2990l Hols 179, ool 3%
o|%it} o]Ee] AYUEXE 5A oA 1447122 WS
T HFAR L 91442 6140131}

o] AT AL} YA WFA} A
ojol} Fukel Halza Age A=) s},

(2) A=z

199541 8¥ 199%7E Fd 9% 109744 169¢] o}
g AR WA} AFS B A3 A8
7 BAAH A8E At A Bz
ol 359 JAHEXE 6AoAM 16471419 HgeH
B 10.18£2.7041010t}. o]& F AAok= giom,
ristAe] A4 s A3 o] F4oldx "DSM-TI-R
o §1Z+s SR 5] REH AT & ALE-sled
A A, 93, 5o, FAHEY - JY &
TR} Az, A7 #3F A3) SAgoht
Z5EL A=A goi

2, oiqdiy

o}59] £ International 10-20 sytemo] L3
o] Ag-AgClE8A 9 21719 AL collodionZ #-3
glth. 2E A2 A9 referencerlZ ). Skin im-
pedence= 5k2ulete]it). Bandpasse 1.0~70Hz
o2 Aggr}. Cadwell Spectrum 32° 7142 AA %

HHYAAE Zyvh ¢4 FYAFHAAE AAEA &
& Aol JAA2E B2 A AP o=
A & Fol|, FIJFE 3t EEATY BHATE
F4¥5H= Oddball paradigm$ AHESHJ T

(Oddball paradigm)

LAY BEAT T Bl 28 & Ue BFA=
< At ERFoEA HARIBEANE faske
gerig oz, B AFdXE A3E & F OmsecH
E] 750msec7}A]9] AlZHEet FAEAC AT
UZ Ao H=EL S AABAL duratione 100
psecolflon FFA=L 1000Hz sine wave tone
bursts24 =% 70dB Sound Pressure Level(©]
3} SPL)°|ith. E3A=E 2000Hz sine wave tone
burstso]R 3 ZEE 70dB SPLEA Y3yt %3
Aol dsid e A AA FAY &7 SFoe
HAE AABT. BEATH AT HEEEE
BF 0.97/secolAtt. BEAFY BHATY HEL
80 : 200112 A& F 1003)& FU. o] W WA H
t AlaEAg e 3138 Peak/Latency Analysis
ProcedureZ %3] N1, P2, N2, P3 5}8¢] 1%3 7
E71& AFo2 A& sl Jgdnit 877t
ZF4 g27] g2 HaHA)7} ol Yy e BE
FeelA 28-S dssch A53E £ 5 Omsect-H
T50msec7tA £33 A4S ZUHE 53 H|Fo] B
A HEod Uehe $H9 7AY(positive deflec-
tion)& PLo2 Atm 1 thee] Yebs, BE7)7t
o} 80WA| 150msectie] Eoi7ks 7HF el S49)
AYE Ni1oZ AaHa, P2 1501A] 250msecti ol
o7k Mg FEld 4A8] AYS AU N
180} Uzel) vejof JAIAT = N2+ izl 20040
Al 300mseciell Eol7k= 78 ST 439 AU
A3t P2 bl e A= Asqr). P3#y
& 7)Qate] whal s 300HA] 500 msectisl] E917)
£ N2 th3dl o= 449 AYS AR o] 7y
5 5 Al A7 34 9L dolle 7HY F81E 33L ¢
Asgch. JEZL Vel RE 4T A5 2
F& F AHA 23 peakdll EGE w7AR) 9] A
HE SR A

3. REEMTIY
Fog2y - AL TRNTH BNETE HuE

e
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AP}, ¥ £ ERPY N1, P2, N2, P39 &3}
FEINE Student's t-testE F3 AP, FATE
2 5%2 FEPAE AN

Aol¢) o ue} AlAFEAY Y JEF FE7|}
HA3H3ITHE Satterfield5(1984)9] 300 we}, T
S ~907HE(7.54), 90~108712, 10871 o]AH(9A))
o] Z Fo 2 o] Btk ¢o] T & YAt A
AN F Z& A3 FolEd APoETES Wileo-
xon Rank Sum test®} Kruskal-Wallis Chi-square
approximation methodZ %3 ¥4sllch. 108714
ol o] AUFL Student's t-testS 3 v} h. AL
4% A Z2339%-& PC-SAS version 6.030]1th.

& g
FolzigE -

!

HYBSHO| Eop?

1) ~1087H&E7HX| 2 HA- T
ol 107, AdthET2 5.

(1) B3/

FHZ49Y - FYLFF] FolFe  Pz(plx<0.
05)9+ 01(p(x*)<0.05)314 P2 634 AZ o] Aio}
STRY FAHSE FsA Ax, P39 AFo] Pz
(p(x71<0.05)01 4 FolErr} %4 A arke 43
ol&jd= F FALololl F-oJ3h Afol= WA ] gkglr}.

(2) BHA=

FAAAY - FYFHN Fokre Czp( <.
05)¢k T5(p(x*) <0.05)0ll 4 P39] AZo] FYtj2FR
o g ZolE HQl R olddlE o= JYfME F
AR oE Folg 2ol WskA) B

2) 108713 oj&te Ay

golze 10, T 11802 JudHe| Ho}
ToAME 11.36£2.454], dETANAME 11.8043.964]
2 A E @ Aol AATHp(t)>0.05).

(1) #&A=(Table 1, 2)
FAHAY - HYLFTZN FokzalA Fpl(p(t)<0.

Table 1. Comparison of latencies of N1, P2, N2, P3 wave forms to the nontarget stimuli in subjects with age over 108

months
Leads\subjects Patients with ADHD"(N=11) Control(N=10)
N1? . P2, N2 P3 N1 P2 N2 P3

Fpt  130361124.63 305.55% 68.87* 252.001144.50 453.27+11032 110.11+ 4540 193.114117.31
Fp2  130.09%11860 27591412539 331.27% 86.39* 415.644177.10
27609111527 32964214697 419.82+185.81
400.361+167.68 123.20+ 39.92 299.80% 80.67 268.80+ 73.68 435.60+ 80.69

F7 136.55£113.51

F8 5518+ 56.08* 236.64£120.81 334.64% 75.45*

237.78£112.61 43378+ 77.88
33.50% 41.24  203.90+106.76 266.20+ 73.76 428.00+ 80.04
12120+ 36.46 23320+ 89.41 262.90+127.86 391.80+169.87

F3 102.18£110.55 262.64+11540 30145412860 421.7317189.95 12260+ 27.20 229.00+ 87.74 278.80% 81.30 42750+ 84.23

Fz 67.55+ 46.10° 261.91£11505 30045412870 408.91+178.88 12120+ 2829 211.00+ 7687 27690+ 75.21
F4 68.82% 46.66* 269.001114.17 301.36%130.29 407.82+178.21
297.73% 97.03* 342.451+100.80% 466.641116.47 105.00% 3471 202.10+108.05 247.10+117.12 44060+ 95.71
317.554103.53 458.094122.06 117.00+ 33.21 21330+ 87.02 291.104 7350 442.00+100.37
337.734 83.80 418.00187.11
412.82118142 113.60% 3836 21340+ 78.53 280.80% 71.51
458.36127.27 115.00% 3068 215.80+ 77.04 283.10+ 7946 442.40£106.48

T3 141.55+113.31
T4 11445410342 269.45+105.41
C3 104.27£105.51  271.55+108.12
Cz 105.27+108.38  267.36+105.73  307.361131.15
C4  107.361107.34 263.55+108.03 301.914135.51

T5 84.911£108.89 262.911105.10 330.64% 9640 430.09%190.46

435.90% 86.79
133.70+ 29.69 217.00+ 76.63 27040+ 7248 437.30+ 8497

110.80+ 25.67 23570+ 90.35 28260+ 90.72 433.90%107.08
435.20+103.53

8750+ 39.62 18860£111.74 273.60+127.41 432.10+111.67

T6 9045110514 278.18+103.95 335.274 95.87 460.18+117.04 10480+ 2942 22040+ 78.69 31600+ 75.32 44210+ 10.01

P3 116.00£120.68  262.91+104.59

335.55+ 79.98 42691118862 100.20+ 44.07 22840+ 81.30 29240+ 80.10 432.40:+107.97

Pz 12082412743  269.82+10673 340.82+ 8145 46018212123 10690+ 3524 22060+ 7637 29030+ 7330 437.30+102.06
P4 12691411596  258.09+108.20 332.09% 9548 44264410262 10690+ 3595 21890+ 75.84 29250+ 68.84 438.40+104.85

01 119.45£120.11

25245110546 337.82% 8792 423.274185.86 107.90% 40.24 197.70£106.66 279.90+121.71 433.70%119.11

02 119.18£118.08  264.914107.38 22745+ 90.65 426.73+186.02 109.90+ 4589 23540+ 73.73 313.70% 7070 426.30+111.72
Fpz 13636411518 28145412187 328.27% 9285 413.55%177.14 121.80+ 42.55 23760+ 92.76 271.80%+ 73.19 42840+ 76.72

Oz 12509412249 279.00+107.83

337.27+ 9446 4149117442 125.10412249  279.00+107.83  310.80+ 70.81

43570£113.25

1) ADHD is the abbreviation for attention-deficit hyperactivity disorder

2) Values are mean =+ standard deviation(msec)

*p<0.05 ; Significantly different from normal controls by student's ¢-test
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Table 2. Comparison of the amplitudes of N1, P2, N2, P3 wave forms to the nontarget stimuli in subjects with age over

108 months
Leads\subjects Patients with ADHD"(N=11) Control{N=10)
N1? P2 N2 P3 N1 P2 N2 P3

Fpl  873+9.64* 473+374* 5.18+629  4.00+6.57 1334071 1784228 7334515  3.44+279
Fp2 11.73+9.84* 391+4.16  473+533  518%583* 1.90+242  1.90+2.18  550+570  1.50+1.51
F7 3454561  3.18+3.40 236196  2.36+242  1.20+1.14  1.50%135  4.00£3.72  1.80+1.62
F8 464+4.86  3.00+1.90  4.18+3.60  3.64+3.07* 4204249  240+227 3204290  1.40+1.43
F3 6.64+4.48*  518+3.25% 4.09+4.21 4554359 2704226  2.60+£232  500+£340  3.20+239
Fz 6.82+7.26* 4.73+3.93  6.18+6.93  545+4.66  2.10+2.02  3.00£2.79 5304424  290+2.18
F4 7.54+6.25  527+3.82 4641554 345270  3.90+2.81  3.00£254 4504395 2704200
T3 5.36+2.58*  3.00+2.28* 3.09+207  255+1.37  290+256  1.20£0.79  210+1.85  3.40+1.84
T4 545+4,18 2734205  3.73+3.64  3.55£246  3.10+2.88  3.00+2.58  220+193  2.40+1.78
C3 6.64+£5.16* 7.45+597* 5.09+4.50  4.55%£3.33  3.00+294  3.30+343  400+279  3.90+242
Cz 9004725 7.82+6.66  9.73+675 6914561 5204343 5104335  3.10+238  3.50+2.12
C4 8274598 591+4.93* 645+592% 4.82+2.32* 3.70+2.83  3.60+250 3904273  3.80+193
T5 845+7.02  536+3.29  518+4.56 4274300  3.10£2.96  2.60+2.67  250+£222  3.80+2.70
T6 409+2.70  5.82+3.60* 555491 6454518  230£2.00 2.60+£1.96  3.80%2.57  3.70+279
P3 7.64+4.08 7454497  7.91+461* 8.18+6.05  500+323  470+419 4204239  5.50%3.34
Pz 6.2745.33  6.36+5.03  8.27+4.58* 9.45+596* 5.40+2.88  4.80+3.61  4.40£272  4.60+3.31
P4 555+3.83  4.73+3.80 5641396 6911464 3304189  4.10+228  430£309  4.60+299
01 6.55+6.49  6.82+3.89  8.45+572* 6.09+450  490+273  4.10£479  3.90+3.07  5.30+2.83
02 6.36+4.80  545+503  6.91+4.74* 5641543  490+3.11  490+393  360+3.17  430+377
Fpz  9.2748.17* 4.18+4.69 6361476  3.64+499  1.00+1.05  1.50+1.65  550+534  2.80+2.66
Oz 8454524  7.55+367¢ 791+554* 518£508  5.20+3.39 4204454  3.40£299  5.00+3.40

1) ADHD is the abbreviation for attention-deficit hyperactivity disorder

2) Values are mean +standard deviation(uV)

*p <0.05 : Significantly different from normal controls by student's #-test

05), F3(p(t)<0.05), T3(p(t} <0.05), Oz(p(t)<0.05)
oA N19tge] Ao FPUzFrr} F715e AN
2, F8(p(t)<0.05), F4(p(t)<0.05)914 N19] Z&7)
7t #A JElt. E Fpl(p(t) <0.05), F3(p(t)<0.
05), T3(p(t) <0.05), C4(p(t)<0.05)%ll M P2¢] HEo]
A3zTRY FAHE FAdA 2A Yehdt
N2¢) AZL Fpz(p(t)<0.05), Cz(p(t)<0.05). P3(p
(t)<0.05), Pz(p(t)<0.05), OI1(p(t)<0.05)1A th=
R fosA 2 e vtk 3 ol P3
s}y e] AZ-L F8(p(t)<0.05), Pz(plt)<0.05)A &
otz fofdtA & gg By

(2) EH A= (Table 3, 4)

FoFAY - FYLTAN BoldolM Fpz(pt)<0.
05), Fp2(p(t)<0.05), F3(p(t}<0.05), F7(p(t)<0.
05), Fz(p(t) <0.05), F8(p(t)<0.05), T3(p(t) <0.05),
C3(p(t)<0.05), Cz(p(t)<0.05), C4(p(t)<0.05), T
5(p(t)<0.05), P3(p(t}<0.05), Pz(p(t)<0.05), Oz
(p(t}<0.05) EAA N19 FE7)7t =T §

Aoz folstAl ZAolAx, Fpz(p(t)<0.05), F3(p
(£1<0.05), 02(p(t]<0.05)°A P29] #8771 Ao
A, N1-P2 complex®] FE7|7} 4o} & e
o}, z29lo] Fp2(p(t)<0.05), F3(p(t)<0.05), C4(p(t)
<0.05) M E N29| AZo] AEnc fo8A F7}
5o AN Fp2olA P23+y (p(t)<0.05)¢+ N2 =5
(p(t)<0.05)9] FFo] AX 1 Fpl(p(t)<0.05), P3(p
(t)<0.05), Fpz(p(t)<0.05)ellA P3¢} ZEo] AAto}
FTE0 A
i &

£ A7 FAYZY - FYL5FNe Ar| 8
2A& ﬂ%ﬁkﬂ AgotEate Aolg Wk £32
Z A 7 EAR M EA FEAY - e
FAN o5 IFYE 878 AAE FALYE W
A3 obsTRT M43 JAFEL wgsks N1, P2,
N2¢| R Zol 2tm FEIF 4 Aoz AP, 2
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Table 3. Comparison of latencies of N1, P2, N2, P3 wave forms to the target stimuli in subjects with age over 108

months
Leads\subjects Patients with ADHD"(N=11) Control(N=10)
N1? P2 N2 P3 N1 P2 N2 P3

Fp1  164.44% 66.16* 262.33%126.23

363.22+103.37 4631111875 11280+ 37.69 226.00+ 7437 292.701363.22 394.80£152.81

Fp2 19144+ 81.27* 251.224133.50 352.33%£121.09 411.33£199.60 11950+ 3973 22640+ 7690 265.10£125.90 379.60+153.31

F7 183.33+ 43.84* 285.00% 78.50 381.00% 80.42* 459.891126.65 123.50% 19.81

216.80£100.74  303.20:+ 90.25 437.10+111.19

F8 194.67 + 84.88* 296.11% 68.60* 364.67+ 93.30 451.00+113.44 12250+ 2544 230.50% 8342 304.50+107.59 443.40+105.24

F3 17311+ 44.18* 293.00% 76.14* 348.78+ 75.10* 46578112534 115504 19.04 196.50% 71.77 258.90:+143.01
353.00+ 76.93* 437.22%157.46 113.10+ 17.28 218.00+ 83.82 28200+ 9270 422.90+112.14

Fz 169.22+ 47.90* 268.67+122.72

445.30£100.67

F4 16144+ 48.12% 295.56% 68.53* 355.60% 76.10 45833112237 121.70% 40.09 22390+ 8343 299.10% 7457 422.00£110.14

T3 155.894 44.30* 249.781121.76 361.89% 93.07 43911412241
462.00+121.83 11470+ 38.98 22670+ 86.75 320.80+105.20 414.80+13173

T4 146.17+ 61.33  260.331+124.15  360.78+ 73.71

117.80+ 3415 22070+ 80.69 293.50:£120.30 420.60+128.61

C3 154.11+ 44.08* 250.671130.67 357.89+ 89.79 436.00+11694 10220+ 34.28 21640+ 84.42 284.00+ 9840 416.90£118.12

Cz 155.89+ 43.49* 287.56+ 8513 377.00% 89.51

T5 165.89% 59.29* 276.44+% 7210 373.00+104.9

T6 151,78+ 57.97* 277.33% 52.96* 361.56+ 7476 441.33% 9466 10240+ 48.55 219.90+ 73.41
P3 176,114 85.68* 29533+ 82.09* 348.78+ 81.05 438.11:+ 97.61
448.56£104.37

Pz 154,441 50.44* 281.67% 7750 348.78+ 61.61

446.671121.45 102304 35.66 222.80% 83.13 307.20% 84.31
C4 168.11% 44.83* 28411+ 83.18 350.89+ 71.99 465.224117.23 11170+ 30.57 219.40+ 89.92 301.50:111.51
453.89£102.65 113.50+ 26,68 218.10+ 84.44 273.00£166.01

423.90+125.70
431.104120.14
411.60+129.56
301.50£115.10  416.30£131.72
101.804+ 20.35 22250+ 80.46 312.80:+113.92 408.50+124.68
99.60+ 2557 22440k 8052 289.70+ 96.86 412.80+119.68

P4 152,89+ 42.45* 269.44% 63.86 347.67+ 69.29 44289+ 98.79 103.30% 3342 21650+ 75.27 295.70+% 95.50 420.40£129.80
01 152.89+ 60.68* 276.56% 78.38* 367.67£103.72 446.00%£133.65 107.90% 2560 209.50+ 67.70 304.50£118.13  400.20£142.98
02 15244+ 56.03* 273.67+ 70.29* 363.33£10245* 44622113092 11410415244 20650+ 58.22 264.40£13550 396.90£118.74

Fpz  167.67 £ 55.35* 271.671124.35

364.67 +108.49* 469.33£126.31

117.00£ 31.27 217.00+ 69.72 268.60+123.84 386.10£157.55

Oz 16033+ 56.95* 286.11% 73.84* 366.22+101.56 446.56+131.55 109.50+ 26.87 211.60+ 66.62 295.00+ 98.05 408.20£141.99

1) ADHD is the abbreviation for attention-deficit hyperactivity disorder

2) Values are mean =+ standard deviation(msec)

*p <0.05 ; Significantly different from normal controls by student's t-test

}H o2 AFE 75 HAE Fosde o 949
A - FPLEHR ol HA FHF A= o
A N1, P2stg 9] R&ol AR T WA W
¢, FAE TR0k sk A5 tisiME NI,
P25} o] AE7)7 AdsE AHE AU <1 98
H2 Al2agS o, 108709 vlwke] AFTAA REAR
Foll tisir golrodl FdzTH FAHLE #9)
g ol HAF A FUTH. 108719 o] o] ATl A
T A e REAFT dalAE BokzdA A
F-EF9%d N9 dFo] FrHHu, dF9%
of N19j 577k &4 Jehgtt. & A5 - &7 450
P29} RZo] AU ETRT FAHoZ FstA AA
Yehtn $4-FE959 N29 %o gxsiy
FogtA 2 #& et & #4829 - AYEeH
of ohre AYNET R, A FAYE ATl
3 e HEE FAE vlgele, b (dist
ractibility) & AlARHE 228 Byich ¢ 23RS
of tsire FAHZEY - AY LT Fokrel A
] ] Axkel A N19| 5771 ZdzTR G F4

oz fostA AR, P29 }E7|(Fpz, F3, 02)
% 7oA N1-P2 complex?] ZE77} 4ojd AgZ
vehlio] Aed F03FY, B3 Fo82 A5
USS ERT

olgA A} F-Hap FAFoket AFel A=
T4y - FYLF Bl ofFo] HA F4E 7] &0
< 9, ZFA FAE Aok ke T2 259
gelrE F4 ols Rt AEAY JAFE 2= v
o| "ojAha & 4 Ut} o] A= B AT 7HA
3} AXshe aFold AEn Yvtoz o NEFE
T A, AE7|Y d&E Apol7t o] A7 B S A
Ashe azolga & F Yok 2 AF7HA L] TE
AFAESY AFAFNME N19| ALo] Folielr
Atk A (Satterfields 1990 ; Satterfields 1994)
Aot B dpoire dFetA] £ E P29
1Zo] FiolgrT} FolEo] tte 427& Robaey
(1992)9] Ao} YR|3}} Holcombs-(1985)9) Az}
= e 2990, o)A A5 AR (Loiselles 1980
Holcomb®} Dykman 1983 : Holcomb% 1985 : Satter-

roojl o
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Table 4. Comparison of amplitudes of N1, P2, N2, P3 wave forms to the target stimuli in subjects with age over 108
months group

Leads\subjects Patients with ADHD"(N=11) Control(N=10)
N1? P2 N2 P3 N1 P2 N2 P3

Fp1  20.11%19.17* 8.11+£ 9.66* 6.22+ 891 13.78£16.05* 3.00% 3.06 210+ 179 400+ 452 0.70% 0.67
Fp2 13.44x1811 11.33410.63* 16.56+£14.72% 12.22+18.05 420+ 308 220+ 1.69 500+ 469 1.10+ 0.88
F7 8.22£ 823 311£ 247 278% 268 4671 646 3.20% 358 240+ 207 320+ 336  3.00%+ 249
F8 8.22+11.1 489+ 488 1011+ 898* 6.89+ 9.77 390+ 390 260+ 178 4.60+ 3.34 210+ 1.52
F3 867+ 890 411+ 448 733+ 5.02¢ 6.334+ 850 3.70% 574 480+ 329 2.80+ 2.26 270+ 2.11
Fz 9.78+11.40 4.00+ 4.85 5.00+ 424 8.444+11.78 370+ 3.02 490+ 3.31 5.50+ 3.81 410+ 2.42
F4 6.56+ 6.23 633+ 505 433+ 469 75641176 530+ 359 390+ 3.00 6.00+ 3.27 460+ 2.99
T3 811+ 665 311+ 196 378+ 2.91* 333+ 2.12* 370+ 3.83 280+ 249 420+ 449 270+ 2.26
T4 822+ 3.56 444+ 407 8.22+ 672 7.89% 891 5.80%+ 485 340+ 259 3.60f 3.03 220+ 1.69
C3 9.67+ 9.33 244+ 305 511+ 431 700+ 9.25 8.60+ 851 3.60%+ 3.63 6.60+ 591 5.50+ 4.01
Cz 9.78+10.49 5.00+ 444 7.78+ 9.13 10.11+13.27 570+ 395 660+ 540 560+ 536 6.60+ 5.04
C4 10.78+ 6.85 5.44+ 361 10.44+ 6.60* 944+1218 670+ 490 5.00+ 406 490+ 3.21 690+ 6.17
T5 944+ 9.03 422+ 342 444+ 378 1178+ 9.02 490+ 3.03 590+ 662 540+ 409 5.70% 4.57
T6 8.89+ 6.09 456k 340 667+ 616 878+ 8.03 490k 3.67 270% 2.06 5.20+ 3.58 4.90+ 4.30
P3 1244+ 910 5004 515 544+ 2.88* 12,22+ 9.56* 11.30+ 9.62 640+ 576 1060+ 7.17 3.70% 3.06
Pz 134441377 5.67% 453  6.89+ 533 14.89%£12.74* 11.20+ 857 430+ 397 7.20% 863 530+ 4.03
P4 8.67+ 632 411+ 330 856+ 633 11.33£11.07 7.00+ 478 400+ 411  7.10+ 714 560+ 3.95
01 10.00£ 9.72 10.56% 6.39 1111+ 6.29 14.11£10.66* 1290£10.02 8.10+ 752 10.80% 735 6.70+ 5.33
02 1211+ 679 922+ 6.10 811+ 6.23 1278+ 7.28 1180+ 754 6,00+ 447 10.00t 8.68 8.10+ 4.75
Fpz 18.00+19.24* 7.00f 9.30 9.78+10.56 10.11X£14.72 420+ 432 270+ 279 530% 6.18 1.20+ 0.97
Oz 15.00+ 9.22 8.78% 659  9.00+ 6.50 14.67+ 8.83* 1190+ 8.02 6.30% 6.41 9.70+ 8.12 550+ 4.40

1) ADHD is the abbreviation for attention-deficit hyperactivity disorder

2) Values are mean tstandard deviation(uV)

*p <0.05 : Significantly different from normal controls by student's #-test

fields 1990 : Robaeys 1992 : Satterfields 1994)¢l
A dA] s o] yehd P39) AF e & ATelA #
252 G FE7|Y Aolx WA F YN, B
oA AR} 9 A7EAE S F24(1994)
8 ATE € F e o] AFdAAE 7 64194 94
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o N29j 2Fo] F7HHeY, FoAHAY - #YeF
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2T FAHZEY - HITETHN Folw Atoldf #9
g Aol g Hole A2 dA| Zaglh ols £ A+
AT ofd AT S AT A% FAIFHAS
A EHA &3 Ao] Aol Azart
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= Zdjo|tH(Holcombs 1985). AlHs dyoz:
k2ot ddol Bojale PABAA (reticular ac-
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g4y 9oz B Asfolrh(Satterfields 1994).
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—— ABSTRACT Korean J Child & Adol Psychiatr 7 : 179~189, 1996 ——

A STUDY ON THE EVENT-RELATED POTENTIALS BETWEEN
THE PATIENTS WITH ATTENTION-DEFICIT HYPERACTIVITY
DISORDER AND NORMAL CHILDREN

Sung Woong Shin, M.D., Soo Churl Che, M.D.
Department of Psychiatry, National Naju Mental Hospital, Naju, Korea

Objective : This study was conducted to find out the electrophysiological abnormalities of
the patients with attention-deficit/hyperactivity disorder(abbr. ADHD) through identifying the
profiles of the event-related potentials.

Methods : Through measuring event-related potentials of 20 patients with ADHD and 16
normal control childern using Oddball paradigm, we evaluated the latencies and amplitudes of
each wave form. .

Results : In the group older than 9 years old, the latencies that reflect selective attention and
discriminative capacity of the patients with ADHD were significantly longer than those of
normal controls, which suggests that patients with ADHD be more distractible to non-
significant stimuli and that they be in lack of sustained attention and discriminative ability.

Conclusions : We concluded that the patients with ADHD are more distractible to trivial
stimuli than normal children but they lack discriminative, sustained ability of attention.

KEY WORD : Attention-Deficit/Hyperactivity Disorder - Event-Related Potential - Selective
Attention.
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