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Comparing Quantitative EEG and Low Resolution Electromagnetic Tomography
Imaging between Deficit Syndrome and Non-Deficit Syndrome of Schizophrenia
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B ABSTRACT

Objectives: Deficit schizophrenia (DS) constitutes a disease separate from non—deficit schizophrenia (NDS). The aim of the current
study was to compare the quantitative EEG and low resolution electromagnetic tomography (LORETA) imaging between DS and NDS.
Methods: This study was performed by 32 channels EEG for 42 schizophrenia patients who we categorized into DS and NDS using
proxy instrument deficit syndrome (PDS). We performed the absolute power spectral analyses for delta, theta, alpha, low beta and
high beta activities. We compared power spectrum between two groups using Independent t—test. Partial correlation test was per-
formed with clinical parameters. Standardized LORETA (sLORETA) was used for comparison of cortical activity, and statistical non—

parametric mapping (SnPM) was applied for the statistical analysis.

Results: DS showed significantly increased delta and theta absolute power in fontal and parietal region compared with NDS (p<0.05).
Power spectrum showed significant correlation with ‘anergia’ and ‘hostility/suspiciousness’ subscale of brief psychiatric rating scale
(BPRS)(p<0.05). sLORETA found out the source region (anterior cingulate cortex/limbic part) that delta activity was significantly

increased in DS (p=0.042).

Conclusions: DS showed different cortical activity compared with NDS. Our results may suggest QEEG and LORETA could be the
marker in differentiating between DS and NDS. Sleep Medicine and Psychophysiology 2010 ; 17(2) : 91-99
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tHCarpenter 5 1999).

Carpenter o> BANEEY 32} FollA S457430] A%
ol Ux}ARl 54& 7H= $AF i EFato] deficit
syndrome (¢]&} AES3) o)t 1 (Carpenter 5
1988) AFFFoS oY ATEE Fske] A A
S A=EGcH Amador 5 1999 ; Carpenter 5 1999). 2
A FalEtdr o] Ae7]3 (the schedule for the deficit
syndrome, ©]3} SDS) (Kirkpatrick < 1989)& t}23} ¢+
ok A, oo 67 545 TelA 271 o] o] &
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ok stk 1) A Al 2) 3 Wsle) wa, ) wel w
2 4) BH AR, 5) B 2k 6) ASA ST gk
EA, AN 1604 QAT S5 ol 270 ool A
o 12708 B9 Adso] gon QA Qb] wels

k. olele B4 A F471°0
A9 $E Qu 294 g SR Aok A, AW 7)E
o QAT SHBHES U T FBYOR Y

proxy case identification tool for the deficit syndrome
(e]3F PDS) & 7katelar eFdd (validity) 2 A1) = (reli-
ability) & Z7g8to] sk (Kirkpatrick 5 1993). ©]
T Goetz 9] A7l o & 454 A= (positive and
negative syndrome scale, ©]&} PANSS)ZE o]g3F PDS
9] BlgAS A5 (Goetz 5 2007) PDSE SDSE 4

S =7 e Al egAdE 7 8l

73 A5 =2 vE R 5715 o, AE-FEY
(fronto-parietal lobe) F-$lelMe], = 7 28} At
2ol A8} vkl Haw Bf Qlth(Kirkpatrick 2} Galderisi
2008). 1 g% A AR mTE o] g3 dellA
T AYSIFTS vAgSF T vlaste] e U oA
ZE A T A-FEgel wAE T)selA fest AlolE
ol A At A (Kirkpatrick ¥ Galderisi 2008).
& Aol 52 APTFele nEdTT Y e A
Rl Helo] #ofd 7k AAST

A3l W uHA quantitative  electroencephalogram,
o]l QEEG)+ MRI, SPECT, PET# & = 9479
vl ] bdatar nFdFAoln, Adstal ARb s
(temporal resolution) ©] Fo}A H&F2] H3lE & &= 9)
The 59 3lo] glom BAIZCR uluiAo] 7hsgt
#F3l A5E AFa] wimel il st w7l A
Mo A gl Trela H Ve A HYd Ve

o] 8= 1 Q= A A7) ©@5EY (low resolution elec-
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tromagnetic tomography, ©]3} LORETA)& o] &3t Al
594 23} (source localization) = Blw sl dak= F+ o

Zre] ¥ 9o st Aleolg FAA o nlwsl| il 34}
Al BEEE Wkl == o] lek(Pascual-Marqui
S 2002).

gAEG SEatellA] 78R g Rl 5ol et w3t
ToMe= T2 A5 982 4 Astet ket X (gam-
ma oscillation) ¢] z}o]7} H 1% 11 itk (Bates 5 2009 ;
Gattaz 5 1992). ©] 9lelle T4 A5 4
ot Aol W WAL Aol thaEix i ATtEo]ar
9l O} (Begic & 2000a ; John 5 2009) o}& A3} =
THARE Fato] APSTa I vlARTT T Aol E Hla
St A7 A Qlrh 2 A7 BA AgSeate] 47
Ageta] o s s HagdAkel LORETAS
o] &g A5 HASE T SAACE vARTSTY
Hl 1 FAekaL o] $h Apolrt HAEE e olds et

= ARl Ju)7E QleA] B Zlolh

129717 SA&

5 9 I Ee] FAEgEes e #

A= o g Al 87152 1) Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition
(013} DSM-IV) ol 9JASto] 2912] FAalap HAF-2el o]ato]
AAEGToR AdEA] 19 o} Akl HE 3Y
o SVl PE 717ke] Al 2) vol7t 20~55 Afeldl
3k, 3) eEEF], 4) ATl Fosh Bl sk A9

e D) TFAEA AR, 7144 AAEE 23D 9

IAY W @A) Q= B4, 2) B W ok F§O)
3 W @Al = B4, 3) A/AUARS] Hee]

PANSSE 7]%0% & PDSE o]&3dlo] g4
Agd AR o}FE 7313 Goetz 5
patrick 5 1993). PDSY] AYZITTS EFshs &z



<ol wet PANSSS] #7He -5 (blunted affect : N1) &
o] AAE7E SR (GR) oldela Azt =<t HA
271 (hostility: P7, anxiety: G2, guilt: G3, depres-
sion: G6) 47H] =2 AAE7F AE=(BEF) olstd WE
ARSI OZ sl 1 9] U BF 8]EH
THwo R dseltt. PDSE Erke A% (N 9
AaellX Aozt =<, #3723 359 e &
(AFFscale=P7+G2+G3+G6)& M oz F3l3ich o
s S| Aol ¢&F =9 e FAE anE
1k o]aHAQl TS wiAlEE] Aste] 1A YAl g
B A (brief psychiatric rating scale, ©]3} BPRS),
Beck -+& # % (beck depression inventory, ©]3} BDI) 2}
49) & 2 % (4th revision of schizophrenia quality of life
scale, ©]&F SQLS-R4K), Markova?] A5 W2 H712 %
(Korean insight scale for psychosis, ©]3} KISP) & AA}
BT 2 o= Wl IRBE E3sigion ot 3o
ke B oidRelAl dake] BAE FEs] Aiet S

M FAE okt

. 3

o 24 9] waliut 1S 8] flste] FElE AlEE
3} 71220 tAE ¥9}7](Grass technology, Warwick,
USA, Twin) & o]-gst] A7 thdAks 102 ol <ketejzt
oA YEAS FABHA gt U, </ S AYE AAlE] 9
sk 270 A=S 3 327 M=) $-2k5 2xH(ElectroCap)
= vglo] Zg3th A= 91X international 10~20 sys-
teme wWstow Fpl, Fp2, F7, F3, Fz, F4, F8, FT7, FC3,
FCz, FC4, FT8, T7, C3, Cz, C4, T8, TP7, CP3, CPz,
CP4, TP8, P7, P3, Pz, P4, P8, 01, Oz, 02 A=2] 914
A HIkE SFAgson e FAUS 7 =9 95 1
cmol H#2HE A= o7 RE £ E ) Impedences 10
k@2 ol8lz 3310 717 d= (reference)-2 linked mastoid
reference® ARESIGTE 19 vy 4 & A2 oM EA
(closed eye condition) ¥} & £ ¢ %74 (open eye con-
dition) ol|A] 384 wrhz & 1259 ¥u}E 7|=Z81uh A
Z3 & (sampling rate) < 200 Hz/channel, lower filter=
1Hz, higher filter+= 70 Hz, Z18]1! notch filter= 60 Hz
ot 4% W= WA A2 Hvisual inspection) £
R A ~Eel EEG LAB(Delorme® Makeig 2004) &
o] g3sto] 7} A=e] Htgks ol83te] 71 BA (baseline
correction) & 3}l i ZHI O Z Q13 lF-E(eye blink-
ing artifact) ¥ A 35 (electricity noise) = A3
3 olgleE Thsst A vhEd & SEoE A Y

= (artifact) & AASE7] £} ICA (independent compon-
ent analysis) (Leclercq 5 2009) & o] &3t} o=
T} 3F Zhukelo] Agt A 52 it ol 411 A-g-ele
125 A28tk HFdog Bao AR Hule 29
T SRR EAF 10783 o2t 11%ellaL vEASTS
A A 127, olxk 9 O 427 9] W5t AR
o] = o] H k. 43 10epoch o1 (7t epoch
Aoli= 2%) o] F417] (resting) ¥}, 7ol LA}
o 4% Fu o)l delta(1.5~4 Hz), theta(4~8 Hz),
alpha(8~12 Hz), low beta(12~15 Hz), high beta(15~
30 Hz) ¢] 572 &at3lrt.
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3. =0 2
W oo AR FAE f1EIAE EEG LABS ©]8-3to]
= S7838] gt 2719 EOGE Alglsk 30702 A
=99 107 o1& epoch®] Atzel diste] 114 o
W3} (fast fourier transform)& A|3&}e] power spectra®
TGk FAE Huke] 7] 8 JEe] S vehdls d
9+9] (magnitude) & 57 T3k @9l AA Fai3la =
71 W30 log mV? /Hzit 0% S8l F w3k 7
o] GYE AJolE 17| 91517 standardized LORETA (0]
3} sSLORETA) software package (Pascual-Marqui 2002)
= o] 8312 | #}o] H-E(local max coordinates) 2] Al
948 F4388I9 Yy sSLORETAE Talairach®} Tournoux
©] anatomical brain atlas®ll 5% o] Q= FHEP T}
9} A= F3E(EEG electrode coordinates) AF2S o] 83151
I AFEE o P BEEE A 94 W G AlH
(brain imaging center, montreal neurological institute)
o] tAY S ol &3k

APTFIY vARTT Y ATEAIRE] AhEs)
= =3 714 (independent t-test)
W oke] mhe] A EREA A o

skl AR5 AP
HE 7b A= HE vuay sielk Foke gl
of mg Zashe Aojukelel BPRSE 7} kA= (A kar &
of, HE/AIA, Eb5-&, A/, T8/3W) 2] gt
AE dotrr] fJsto] Fjoj A TEA (Pearson partial
correlation test)& o-&at3ich A4, vo], w5 A,
U], S 3, 1 7IRE ok 880 RS viAlsk]
Qate] o5& RAstAL oj WHIATE Tl &
A2 73S SPSS(statistical package for the social sci-
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ence) 12.0 for WindowsE ©]€-3t1aL EA1%] &Jvl= p<
0.05% 7|F2o2 3kolth

ko] Fuk gidef whE ¥ 753
A= sLORETAE ©]gate] 9]49] of
current density) S =43l1 7)o E3HE statistical
non-parametric mapping (SnPM) 41 (Holmes % 1996) <
ol gste] APFIFTH HAFFTITT Al FAA fe
S ol gttt sSLORETAY H) t-%4] (maximum t-
statistics) &= B]HI7|H4G 4 (non-paramatic analysis) 2.
=4 ZF vlagehe 5000714 F2H] vlasko 24 voxel
7k AX S st HHES A ogt e /e WA
Atk ARTews) vEARTIT F AHE] subjectwise
normalization ¥ 5% t-770] ZF 57}4] Fup4= e
thste] AlelE G, AFSIT W] HakelA ofn] A
GA3} Ho] ARt F7EeE o F919] A dE H4s)
ato] SLORETA 94HS Falgleh. B4 9ul= p<0.05
= 71Fo® Btk

a7] el

o
=
AE5HFHE (electric

H
2 0
1. ALFTEY HTFTI A7 §IN N2
Ay 57
REL Q1 %7

ol
1o
m
)
ofN
y o
=l
:‘_‘4
=7
iib)
)
of\
i

w7k

A Amel QA 4 W HEE E 1o AXEe 9

o ZFe] Yol w77k iy o],
T 7% o i;l—’ﬁ ks 8% X}O]% THEEA] Aok
T 7k P A= PDS#ke] felatA AgSsatelx
= H3ItH(p<0.001). ©]i= PDSE o]&st 43
HAFZFe] EF7E AGA Qg 7L gl
HojEth 1 9fell 9 A= & BPRS AA| Ao
oJgh zol7h gllont kA =S HE/A (anergia) T
& ARTFToIA FYsHAl #80H (p<0.001) Ath/<4
(hostility/suspiciousness, p=0.006) ¥ =2/ (activa-
tion, p=0.03) 5 HARSTITT N FEJ8HAl =8k
71 2]9] BDI, SQLS-R4K, KISP2] A+ H =53 BPRSO
Y2 AkaL o] ske] HielA= T o e 79
gk Aol & sk Zskoith

N

o nlo ol)l By

. 2EZ T HEES TR MYARER BAMHNL
Ad Selgke] =9 -3
A= glck 3k AFE
Bl ek 2ol APF5rellA FPL, FP2,
F3, F7, FT7, FC3, T7, C3, CP3, P4, P7 A=ol|4 delta
o] Aozt vdgTeatel viste] folshA Sk 4
o] le}. Thetaske] Ao #H9le= APFFrolA FPI,
FP2, F3, FT7, FC3, T7, C3, TP7, CP3, P7, P3, P4 A=t
A vlAg S50kl viste] felskAl F7ksksith Alphavt
o Ad) 9= PSS 7ol Pl, T7, C3 A4

Table 1. Comparison of demographic and clinical characteristics of patients with deficit and non-deficit group of schizophrenia

DS (N=21) NDS (N=21)
Mean+SD Mean+SD pvalue
Mean age 40.81*8.6 42.67+7.1 0.45
Number of hospitalization 5.67*£4.1 8.67£6.5 0.08
Age at iliness onset (years) 23.52+7.7 24.57+5.7 0.62
Duration of illness (years) 17.29+9.4 17.81+7.8 0.84
Total duration of education (years) 11.67+2.9 11.62+2.4 0.95
Dose of the drug, mg/dayJr 633.33+283.4 608.67 +=394.2 0.81
Clinical measures
PDS —3.29*11 —6.71£2.3 0.00**
BPRS total 36.90+6.6 33.71£7.8 0.16
Anxiety/depression 3.67*£1.2 471+22 0.07
Anergia 13.24+£1.9 6.57+1.8 0.00**
Thought disturbance 8.62+2.9 8.00+2.9 0.49
Activation 2.71+1.0 3.48+1.2 0.03*
Hostility/suspiciousness 3.52+1.9 5.29+1.9 0.006*
BDI 11.95+10.6 11.90+13.4 0.99
KISP 12.71+5.6 11.52+6.6 0.53
SQLS-R4K 44.33+20.4 50.14£29.6 0.46

# 1 p<0.05, #* : p<0.001, T : Chlorpromazine equivalent dose. DS : deficit syndrome group. NDS : non- deficit syndrome group. SD :
standard deviation. PDS : proxy case identification tool for the deficit syndrome. BPRS : Brief Psychiatric Rating Scale. BDI : Beck De-
pression Inventory. KISP : Korean Insight Scale for Psychosis. SQLS-R4K : 4th revision of Schizophrenia Quality of Life Scale
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Table 2. Comparison of absolute power between deficit and non-deficit group of schizophrenia

Absolute power (log mV2/Hz)

Frequency band Location T p value
DS (Mean+SD) NDS (Mean=SD)
Delta Fpl —16.859+3.351 —21.544+4.225 3.981 <0.001***
Fp2 —17.297+£3.37 —21.066+=3.967 3.316 0.002**
F7 —20.243+4.036 —23.345+£5.519 0.078 0.045*
F3 —22.267+3.040 —25.247 £4.608 2474 0.018*
FT7 —20.891+3.243 —23.864+5.073 2.263 0.030*
FC3 —22.601+2.902 —25.737+14.631 2.630 0.013*
T7 —21.043+3.865 —25.349+4.433 3.356 0.002**
C3 —22.683+£3.491 —25.782+£4.597 2.460 0.019*
CP3 —22.669+4.761 —25.908 £4.369 2.296 0.027*
P7 —22.300+4.889 —25.441+4.762 2.109 0.041*
P4 —21.783+£3.941 —24.711+5.124 2..075 0.045*
Theta Fpl —20.267+3.209 —23.735£4.497 2.877 0.007**
Fp2 —20.583+3.271 —23.4561+4.286 2.441 0.019*
FT7 —22.690+3.388 —25.738+£5.389 2.194 0.035*
FC3 —23.748+£3.146 —26.844+5.521 2.233 0.033*
T7 —22.537+£43.155 —27.1014.991 3.221 0.003**
C3 —23.811+3.411 —27.134+£5.552 2.336 0.026*
P7 —23.097+£4.961 —26.467 =5.583 2.068 0.045*
CP3 —23.586+4.929 —27.090£5.652 2.141 0.039*
pP7 —23.119+5.339 —27.068£5.293 2.407 0.021*
P3 —22.293+5.917 —26.019+5.996 2.027 0.049*
P4 —22.837+3.991 —26.147+£5.422 2.253 0.030*
Alpha Fpl —21.198+3.785 —24.071+4.684 2.186 0.035*
T7 —22.537+t4.155 —27.1014.991 2.838 0.007**
Low beta 7 —27.434+4.499 —31.293+£5.386 2.520 0.016*
Beta 7 —30.991+3.920 —34.700£5.425 2.540 0.016*

# 1 p<0.05, *x : p<0.01, =+ : p<0.001. DS : deficit syndrome group, NDS : non-deficit syndrome group

oA | AgFIel vlste] F7Fseith Low betadho}
high beta¥] 7390l T7 Aol n|AASITF| H
ato] folsiAl S7IskIEh L 99 v A e
T 7] felgk Afol g wEkA] XskitH(p<0.05).

3. M| AMERT 1y 34 B HEQ YEE

AR TN Hshel 2oErle] 2aske A 5
Ut EPRSS] 141 129 1ol YL BPRSS
%o Fo W §
bl £ ek ) gk A el A5

Itk ¥ <o) ARFFLAN FoI5PA #94H BPRS
o WA AR thste] el AN E 3ol
CRERDES

Deltas= FP2, FP1, F7, F3, FZ, F4, FT7, FC3, FCZ,
FC4, T7, T8, TP7, CP3, C3, CZ, C4, CP4, TPS8, P7, P3,
P4, P8 9IRoIA HE/AA 3 ko] AARAE B
i FP1, F7, FZ, F4, FC3, FCZ, T7, TP7, CP3, CZ, CPZ,
TP8, P7, P3, 01, OZ $1x[elA Adl/e4] =3 2] %

o IAE Bk ThetadtollX= FP2, FPL, F7, FZ, F4,
F8, FT7, FC3, FCZ, FC4, FT8, T7, T8, TP7, CP3, C3,
CZ, CPZ, C4, CP4, TP8, P7, P3, PZ, P4, P8 9Jx]o| A
E/AA 3 ko] A WA B
F8, FC3, FCZ, T7, T8, TP7, CP3, C3, CZ, CPZ, C4,
TP8, P7, P3, PZ, P4, 01, 0Z $IXoIA Adi/2)4d 53}
29 AAAAE Bk Alphadtoll A= CP3, P7, P3, P4,
FT7, C3 §12eA AE/A ¥} P53} o] JaiaAs

%11 FP1, FZ, F4, FT7, FCZ, FC4, FT8, T8, TP7, CP3,
CZ, CPZ, C4, TP8, P7, P3, P4, 01, 0Z 91x|ollA Z 1/
A g2 5o ARHAS Btk Low betaolA= T7 9
Ao HE/AA FEI} 2] S B3aL FPL, FZ,
FCZ, T7, TP7, CP3, CZ, CPZ, TP8, P7, P3, PZ, P4, O1,
0Z XA Adi/oA =3t 2] FadAE Bt
High beta¥lolx+= TP7, P7, 01, 0Z 91Xl Zt)/2) 4
FE 50| JHAE Boltk 1 9]9] wuke] AFER L
BDI, SQLS—R4K, KISP?9] §)%¢ #=E=3 BPRSE th&

3] Aok 1% RIS wolx) gk

93 FP1, F7, FZ, F4,
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Table 3. Partial correlation of EEG spectrum power and anergia of BPRS

Frequency band Location r Frequency band Location r

Delta Fpl 0.568*** Theta F8 0.466**
Fp2 0.526** F17 0.504**
F3 0.464** FC3 0.482**
F7 0.418* FCz 0.453**
FZ 0.451** FC4 0.466**
F4 0.348* F18 0.417*
F17 0.451** T7 0.579***
FC3 0.478** T8 0.423*
FCZ 0.379* P7 0.446**
FC4 0.352* CP3 0.558**
T7 0.496** C3 0.512**
T8 0.400* Cz 0.401*
P7 0.397* CPz 0.355*
CP3 0.505** C4 0.512**
C3 0.493** CP4 0.548**
Ccz 0.341* P8 0.497**
C4 0.449** P7 0.500**
CP4 0.473** P3 0.502**
P8 0.478** Pz 0.359*
P7 0.429* P4 0.512**
P3 0.448** Alpha CP3 0.398*
P4 0.417* P7 0.342*
P8 0.456** P3 0.349*

Theta FP2 0.521** P4 0.342*
FP1 0.552** F17 0.340*
F7 0.472** C3 0.365*
FzZ 0.515** low beta T7 0.347*
F4 0.495**

x 1 p<0.05, #* : p<0.01, ==+ : p<0.001. r : Pearson correlation coefficient, Covariant : mean age, total duration of education, age at
ilness onset, number of hospitalization, duration of illness, dose of the drug
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Fig. 1. Comparison of sSLORETA source imaging in delta band -deficit syndrome vs non-deficit syndrome. Three orthogonal brain
views in Talairach space are sliced through the region of the extreme t-value, given as X, Y, Z coordinates in Talairach space and
graphically indicated by black triangles on the coordinate axes. Increases of current density are shown in red. This delta image
contains log of ratio of averages, not standardized current density. The maximal differences were found mainly in Brodman area 24
(anterior cingulate cortex/limbic part). The difference is significant for the two-tailed test : deficit syndrome>non-deficit syndrome
(extreme p=0.042).
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4, T2 HEES T sLORETA ¥4 Hlu BN

T vl Ae 7k9) sLORETA A2 ‘13 179 #A
¥lo] Stk sSLORETAE o83 Aod =43} ¥4 23}
A deltav}e] SYE7t AATFolA vlAPSSH v
wate] frofatAl Sk Ao Apo] H-9l& X=-5, Y=30,
Z=1501tH (2% 17, p=0.042). ©] #912] H$A A
A (1st best match) < B2 =% 9 (Brodmann area) 24
2 #=9] w= A (anterior cingulate cortex/lim-
bic part) o]tk hE FIFellAE F o 2R frelg &)
ol& sk Eaaith

—“& 01?011*%% APZ=T72 2gkA £ PDS9} BPRS
411:_9,]_ o]:rL E.j_—"?)‘]—%‘] o] @q.

oA el i}Ol L}EMM ookt BPRSS] aH9] A= &
HE/AQD FEol ARTFwelA FolshAl H1 EBl/S

gl W BDI, SQLS—R4K, KISPoA =
o)A k& A& APTITT] ATl
EoH/S-& =7 <%t O]?_(]-Z‘IO] Zo] oldL YElL}, w3l )
ARSI A/l FostA wokeng A
A FAF A Aoz 9l SASANE B dTelME
HiAE = Qi

W9l to] mhe] AdMER HAo|A] AYLTL
delta¥}9} thetay}e] A 37} S7181% S U%
A=) wA oedolA A s BT
=< Yehdth 53] f2s ztolE Hld A
A Tl BE @ AFES AUSFL
7 gdellA A7 L] Aol7t Qe AlA } (=3
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