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Empathy and Mood Awareness Reflected in the Resting-State Brain Metabolic
Activity in the Patients with Schizophrenia and Normal Subjects”
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| ABSTRACT I

bjectives : Empathy has been conceptualized as the ability of emotional resonance and perspective —taking.
O Emotional awareness has been proposed as the basis of empathy. In this study we examined the relation-

ship between empathy and mood awareness and their neural correlates in resting—state activity in normal
controls and patients with schizophrenia.

Methods : Empathy and mood awareness scale scores were compared between 29 patients with schizophrenia
and 21 normal controls by voxel—based t—tests and voxel—based correlation analyses of resting—state '°F—
FDG PET images.

Results : Empathy and mood labeling scale scores were significantly decreased in schizophrenic patients.
Mood monitoring was positively correlated with empathy score in normal controls, but not in schizophrenic patients.
In normal controls, empathy was positively correlated with resting—state activities in the intraparietal sulcus and
mood monitoring was positively correlated with the temporal pole, frontopolar cortex, inferior temporal gyrus,
entorhinal cortex and the subgenual prefrontal cortex resting activities. The orbitofrontal cortex resting activity was
positively correlated with mood monitoring—related subgenual prefrontal cortex activity in the normal controls.
Patients with schizophrenia showed decreased orbitofrontal resting activity and loss of its correlations with mood
monitoring—related regional activities.

Conclusion : This study showed that alteration in the resting—state activity in schizophrenia may reflect dysfunc-
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tional empathy and distorted characteristic of emotional awareness. However, the resting—state activity may not
reflect the relationship between emotional awareness and empathy.

KEY WORDS : Empathy - Emotional awareness - Schizophrenia - Resting—state - Orbitofrontal cortex - PET.
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Table 1. Demographic and clinical characteristics

Normal controls

Patients with schizophrenia

(n=21) (n=29) X2/t p
Mean SD Mean SD
Sex
Male 11 15 0.002 0.96
Female 10 14
Age 30.1 3.0 29.8 3.9 0.30 0.77
Years of education 13.1 1.6 12.8 1.9 0.56 0.58
Duration of illness 7.5 4.1
Dosage of antipsychotics 633.2 415.6
(chlorpromazine DEQ)
Duration of medication 7.3 4.0
PANSS
Positive 15.9 3.0
Negative 16.7 2.5
General 33.8 4.8
Total 66.4 8.7
Empathy scalet 11.8 2.7 9.1 2.2
MAS
Total 40.4 5.4 37.6 5.7
Mood monitoring 20.0 3.7 20.2 4.7
Mood labeling* 20.4 4.0 17.4 5.3

SD : standard deviation, DEq : dose equivalent, PANSS : Positive and Negative Symptom Scale, MAS : Mood Awa-
reness Scale, * : p<0.05 in independent-samples T-test, T : p<0.01 in independent-samples T-test

Table 2. Pearson correlation coefficients between the
empathy scale and the mood awareness
scale (MAS) scores

Empathy scale

Normal Patients with
controls schizophrenia
MAS-total 0.41 -0.13
MAS-mood monitoring 0.44* -0.11
MAS-mood labeling 0.16 —0.04
* 1 p<0.05
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Table 3. The brain regions with significant difference in the resting-state metabolic activity between the normal
confrols and the patients with schizophrenia and their corresponding adjusted mean metabolic activities
and the correlations between the adjusted mean regional metabolic activities in the patient group and

the PANSS scores

MNI coordinates

Region Zmax

X y z

Adjusted mean
Voxels metabolic activity metabolic activity

Adusted mean oo i pec with

PANSS P PANSS N

in control in schizophrenia
Decreased in patients with schizophrenia
Dorsomedial 3.94 ) 30 38
prefrontal cortex ) 1095 91.7+£2.5 87.2+4.7 -0.39" 0.02
Superior frontal 402 —24 12 54 283 89.6+2.7 85.31+4.2 -0.20 0
sulcus (BA8)
Premotor cortex 3.71 32 -4 70 152 72.8+£2.9 69.0+3.8 -0.39t  -0.13
(BAG)
Pars opercularis
(BA44)
Left 405 -52 8 38 348 81.8+2.7 77.5+4.2 -0.37 —0.09
Right 3.43 54 14 42 87 88.8+2.8 84.8+4.5 —0.31 —0.06
Orbitofrontal 333 -10 62 —20 26 59.1+£2.3 55.2+4.6 -0.22 -0.07
cortex(BA11)
Increased in patients with schizophrenia
Le:gfc‘l)gs‘s 2;2 2; B 1 j 72 Y12872¢  68.9+20 75.0+3.9 015  —004
Cerebellum*
Vermis 4377 8 =38 =30y s 720439 775438 052" o055t
Hem]sphere 3.85* —-38 —-60 -—28
Intfraparietal sulcus  3.76 18 —40 56 302 71.8£2.5 75.3%£3.2 0.11 —0.04
(BAS5)
Inferior temporal 3.42 48 -6 —38 128 67.1£2.7 70.5+£3.5 0.09 0.08
gyrus (BA20)
Parietal operculum
Right (BA43) 3.73 66 -8 20 66 72.4%+20 74.8+2.3 —0.09 -0.13
Left(BA43) 3.45 —62 -8 22 62 68.7+1.4 71.5+3.1 —0.01 —0.01
Central sulcus 333 -—-16 -—-24 58 37 69.0+3.4 72.3+3.2 0.06 0.1

The threshold of significance was defined as an uncorrected p<0.001 with contiguous voxels >20. *

© Adjusted

threshold of significance to an uncorrected p<0.0005 with contiguous voxels >20 due to excessive cluster sizes
causing difficulty obtaining adjusted mean metabolic activity, T : p<0.05, ¥ : p<0.01. PANSS : Positive and Nega-
five Symptom Scale, PANSS P : PANSS positive symptom score, PANSS N : negative symptom score, PCC : Partial
correlation coefficient controlling for chlorpromazine dose equivalent
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Table 4. The regional resting-state brain metabolic activities showing correlation with the empathy scale scores and
the dimension scores of the mood awareness scale in the normal controls and the patients with schi-

zophrenia

Normal controls

Patients with schizophrenia

. MNI coordinates AMA . MNI coordinates AMA
Regions — Vox Regions —  Vox
X Yy z (SD) X Yy z (SD)
Empathy scale Empathy scale
Positive correlation Positive correlation
Intraparietal sulcus 345 28 -34 38 29 47.1 Head of caudate 390 -2 20 2
(BA40) (2.0) nucleus ) 303 (59'9
376 8 16 37
Negative correlation Negative correlation
None None
MAS-mood MAS-mood
monitoring monitoring
Temporal pole 411 —28 12 —46 Superior frontal 340 18 8 50 30 76.0
(BA38) ) 308 (63]; Sulcus (BA8) (3.0
3.46 —26 10 —24 ’
Frontopolar cortex 3.73 40 60 20 23 50.1
(BA10) (2.3)
Inferior temporal 3.45 66 —56 —18 50 59.6
gyrus (BA37) (3.0
Entorhinal cortex 3.34 26 4 =26 48 6.26
(BA28) (3.7)
Subgenual prefrontal  3.29 0 12 —-16 23 71.7
cortex(BA25) (3.0
None None
MAS-mood labeling MAS-mood labeling
Positive correlation Positive correlation
Middle temporal 3.46 —54 —-24 -10 66 83.5 None
gyrus(BA21) (4.2)
Inferior temporal 3.30 —46 —-58 -6 40 80.2
gyrus (BA37) (4.1)

Negative correlation

None

Negative correlation

None

The threshold of significance was defined as an uncorrected p<0.001 with contiguous voxels >20. Z : Zmax, Vox :
voxels, AMA : adjusted mean activity, SD : standard deviation
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Table 5. Pearson correlation coefficients between the adjusted mean metabolic activities of the orbitofrontal
cortex, with difference between the normal controls and the patients with schizophrenia, and the mean
metabolic activities of empathy and mood awareness related regions

Orbitofrontal cortex

Normal controls
Empathy

MAS-mood monitoring

MAS-mood labeling

Patients with schizophrenia
Empathy
MAS-mood monitoring

Intraparietal sulcus
Temporal pole

Frontopolar cortex

Inferior temporal gyrus
Entorhinal cortex
Subgenual prefrontal cortex
Middle temporal gyrus
Inferior temporal gyrus

Head of caudate nucleus

Superior frontal sulcus

—0.004

0.30
0.35
0.11
0.20
0.57*
0.28
0.31

—-0.23

0.27

* 1 p<0.05

T Ao e} 2 Ao B el 40 &

A% S$7h= drug—naive A
3

13 fAjoE e

o =
whohar s 53] dRqde] @Y gae obse

QAWA A ola Fak sk Bapergel W
WIS AR o Dol g i

2] AHOEA Bt

A ok o] ARgo] At
Sl Alstelo] Slee w3 AT Rt ] dAdst

5 Aol 27 7)ofaA
B A0S Y & Ak vk #4 Aot RusE S §

S, AR SN

el FESh= 7R AA] S = 20 Yt off Y §9E AT BRI E &
Bl ols ARG Sl A 24 At AF SEUS AT SUHE A9 S dE 2
F71E0] Qrhs BaskE 4SSt 2 5 kY g ARsh el ST S Bad A
AiizrelMs Aollol Z7IEAe A T VIR 2 ok gt dEelE AR HeadowA
AehRt o] ABEAE HolFglon HARds dxF o HEAs) Ms} $Rs] WgE L JlEE AT
oA AHoIsde] 71ERlA e of| A ] B 4 gk & oIl TR iAol tid ok
& YehiA sttt &, A g B e Flsp] S 24 AR Hae PR
a Ak A S 4 Q= wEo] Yo ERlell tf  FoldRs} oo IRk 1 AEREAE AlRSSloT
alo] Zgolslol & Hedl whall, AR Sk A riE daE HoFA] ok Fow nol 7Aolqlst
A8 712l thgh g frAlEo] SlomME o] V1Rl el thet okeRdks A4 @e Alow F4E
el o wol JE& MM o= AARAY &2 5 ok AAA I e Yo oR kel
=0l ARl 7 el E]1E0] Aol FAY A &) /P A AT AR EAlLeld At
szow 5He S g Aot & 5 Sl Tk Qrepd AL AA o} el -2 O] 24

= AT AT oS Foist ARG & HEo] Solew FOIE YRR H e ARl 7]
AR b PgRE o Al AR AlolE Hash ddl A AAIA WSS S 3 sk Vs 7H Zlolgta B
T ATEI} AAke A wol Fgrk @At 1 Itk meh AR Sl kg Ao
= AR 7IARY GEE ST 9d d9ee AR dsls gads 9 gAA 2el]l 24 (online
YES Atk dEA Qo Jed 2 A monitoring) ol el7t 1S Ao® fFa B 5 gk,

- 136 —



Empathy

Fig. 1. Regions showing correlation between metabolic
activities and the empathy scale scores and mood
awareness scale-mood monitoring dimension sco-
res in the normal controls. Empathy : intraparietal
sulcus, mood monitoring. a : frontopolar cortex.
b : subgenual prefrontal cortex and temporal pole.
¢ : entorhinal cortex. d ! inferior temporal gyrus.
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Empathy

Fig. 2. Regions showing correlation between metabolic
activiies and the empathy scale scores and mood
awareness scale-mood monitoring dimension sco-
res in the patients with schizophrenia. Empathy :
head of caudate nucleus, mood monitoring :
superior frontal sulcus.

& AR Ao o o} Qv

Ut o) 8739) A Wl o

# ANDE 75S & Hojeta ApHuE ok

2 FAU I ol AvkE by A 84

o] 75 el 744 RIEd GRS

AR Qo welgle] 2o BgH A
nlo:

olo] ] AFElE Wl g AZkETh

— 137 -



MAAR-E war MAPY FEAKpalidothalmic projection)
£ Fa oAl Qkekel viEulS 594 (ventromedial
prefrontal cortex) ¥} QA4S o]F o2 A A 2|3}
xﬁJr A AW Zaitta B 5= gk o= A
4y ARl 9 29| 7154
7.%1?3:9}91 A AolR A&l 7Hgoly] sHol A5t
—9 s}t JAA e di=to s gdst 7290 7F
o] FFgoldel wkd 7/4\013}—’ Azt

Aol st 3]

B N A N RO o)

1o
ol [

24 Damasio?] A3FEA|0]E(somatic marker hy-
pothesis) ol W=, WA Ul5-8/3 B (visceral intero-
ceptive information) 7} *’3 < (insula) & %3f 7] %
AAEE Hlodal= Al Abelol ofstk Aa1Ael Amen-
tal image)= FAsHd, rebdTFHdA olF 7L
2 oAbl Ak Bk = Qo el
w7 ok QP elx ] HEA T} FRTAE Bk

7] Wil =43¢ (insula) Hohes kePdFa|2o] 718l
A3k AAE HERA Z10% BRItk Hgt ko2

& A 7ol gk E7)5 ) Aol vkl sh=
uﬂ“’ B QAo 71874 2490 #HE F Thi o]
el A8 71 EE B Y sREA] o e B S
of kel Fu ATl Awido] o & VRS Flow A
ZHnk ] 7)) 71 AR 7PdelAE wiEulS dd
34 (ventromedial prefrontal cortex)©] 2J4] Agjo

A Aol W& 742k A Sh=l u}g, Azl 3t gkl
A 7158 weska glg olet 2ok wehy oy
geje] €2 Aol Qrshasade] uRE Yy gl
ANE Auel di@ 714 22 710l 71ERAY 23

& etk Az

19 7RIS RIS 1]l S5 U2
e AR 71019) ) Agkee] glrkar Hargl ut
Y’ 53] ST AR A, A7) AL Ay
Hj (mental state) o] i3t Ak} Ay 715 7L
As Aow Fstm glom?? S5l Tlee o

=, ©o] 59 Al (recognition) ¥ AEI T U
03 J)Ra AR T o] )R] 2L APA oz 2}

712)2] (self—consciousness) Z T;ﬂﬂh l"f‘l']‘fo] g1}V

2
s

A4 71995} AjQle] AgAef tidt U] Al Tt
ol & 4 gk kebdTa A E]“rr’ﬂa 4 (polymo-

dal processing area) 24 S5, US4 94, &%
FolRa AANE 7ML Atk FefA et 7]
Al T4 7se & Slole & = Qlrk
ARG kel M= Aol Hejsks ¢
7IEAA 9 AWYE HolA efgkont, Z1EAA
= T o] EE 2ol
Aol M AHAle] 7R3 EE
ot @ Al H71sel
mgit o] sl oJshd
A A

&
=

[}

ZA=e}

N

E\I

4
o off IF = o2

¢

N
P

>

gt o?tL

2
HE 4

S5
T3
N o

2~
e
a1 2

I‘l[‘ u\( Fl[‘
o>
o2

ul

X

L rr rlo oxt
o
>
;o

] O

o
rz
M
e

*
>,\I
o R
1o
oX of §

¢

o
12

ox

re
=
=
o
o
&1'
)
Ui
o,

o

Rl Ho rlo

k3
)
rr

S
o=
ot
=
X
1o
o,
X
2

Aok meby g
SIAE 770l e AgelN 2 TR 7)5E
o

=
olo
oX
o
nj
ol
s
)
2
pas4
ful

> oX do o
SO

> g
0,

_YL
FPE
2
44
é
>

AR
ZH 7NEAN 9} AAAGE By, AT 4
719 (working memory) 2] 715& B35 5&95

0 o 22 o 30 1

74534 (dorsolateral prefrontal cortex) 2

i/ﬂ't— xéiﬁ] 7]—}\] ul Zz ] 34_0%{5]_1;]_1 3]“34

%ﬂ@ﬂ]q{ﬂz\ioﬂw}a}_rllea 2 o)
e}

N g
o2
n 12

4
f
ol

olr
i)

w4 2 °ﬂ e S P 8 A

r/}, ZZEO]ELQ ‘147]%9] 7)8 Ay o}
oY B} 8} 28 2pe] £H9E EYRow
oJu] 22 A2 (semantic processmg) A B alE]= B
9% By v 90 g=folgke o2 A Az
o3 E) A<l (recognition) I &= o] Qltta
oh;],%b) EE]‘E]‘H ]E Z‘:o‘g oqo:h:o 7]%,;1%01] 9}10%1
44e] dojd ¥d W AAS
& ek ol Alow wel E}, 11-‘550 toﬂ EREN
A Z#A 7150 Ael= o]S ojede] ol Abg|

K
L
&
2

— 138 —



1::0]

=

=5
bt ey
So] o]}

=

—l/;] =
148
3k
=
A+

A

O Al
= o
L

3

€]
of o] F8 UE A A

| B

A og A
29 3 A 8 AFE o183}
7

1
=)
fu

L
R

A

J

Z
&

13171 o

Aol Al AR A7)

A

=

(3

]

H oo
A7) 3Pgolglst 71

3}o

B B B

T

L
gl

Jefloll A 9] =i} &

o
A9 Aol

WA
we g o
o %
Aol

A

3

sl ] 7]

1_]_—0

H
)

Zrlsle] qlet

L

H

S

1] F9Ie. 12 o]

2 Holt

q

s

Halo|x &

[e)

[e]
MU=
],

o]
o

o]
ol th?

EECELE S
F349] B9 7]

)

%
QA

q

7 el M

b

439
=
%3

ol

A
T}

o
173
€] 7]

HAGEF Ui A A e gl

Aol A

A
=
o

dl, o] % 7]

BolE

310
=

H 245 ol

wazgo] Vg Adefell e o A A5l Tk

Ko

tel

I3

SAtelln Hgol9dst 7]

& 7140199)

[¢]

gl

b Avy

WA wsle At

e

ol9J3h 71814 2

b7

3

~K

- PET.

512

]

j=s
-

VS
QA

]

<}

A

L

H

o] glowdA 7]

I3

o) 97t A

A
[e]

Ok

study of schizophrenia. Am JPsychiatry 2003;160:815-824.
2. Langdon R, Coltheart M, Ward PB. Empathetic perspec-
and mind reading: Review of literature and implications
for future research. Neurosci Biobehav Rev 2006;30:

855-863.
4. Leiberg S, Anders S. The multiple facets of empathy: a

survey of theory and evidence. Prog Brain Res 2006;

study of emotion attribution and theory of mind. Cognit
156:419-440.

Neuropsychiatry 2006;11:133-155.
3. Singer T. The neuronal basis and ontogeny of empathy

tive-taking is impaired in schizophrenia: evidence from a

1. Pinkham AE, Penn DL, Perkins DO, Lieberman J. Im-
plications for the neural basis of social cognition for the

- 139 -

o
3}

]

1 Al

A
ol ek e AT $6A ddak

1

A

°

2 A=
o4

=
=

g3k A
31 &1

o] B &

xe]

= A A E

AAF

alo] SAREA SISl Erakal 2gols]

L
R

w7y
o IS 7P} & Hiole)

=
=
T 9l
-

VZ)W

).

el
T
=
[e]
=



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Critchley HD, Wiens S, Rotshtein P, Ohman A, Dolan

RJ. Neural systems supporting interoceptive awareness.
Nat Neurosci 2004,7:189-195.

. Damasio AR. The somatic marker hypothesis and the

possible functions of the prefrontal cortex. Philos Trans
R Soc Lond B Biol Sci 1996;351:1413-1420.

. Platek SM, Keenan JP, Gallup JGG, Mohamed FB.

Where am |? The neurological correlates of self and other.
Brain Res Cogn Brain Res 2004;19:114-122.

. Frith CD, Frith U. Interacting minds-abiological basis.

Science 1999;286:1692-1695.

. Blanchard JJ, Mueser KT, Bellack AS. Anhedonia, posi-

tive and negative affect, and social functioning in schi-
zophrenia. Schizophr Bull 1998;24:413-424.

van't Wout M, Aleman A, Bermond B, Kahn RS. No
words for fedings: alexithymia in schizophrenia patients
and first-degree relatives. Compr Psychiatry 2007:48:
27-33.

Wiens S. Interoception in emotional experience. Curr
Opin Neurol 2005;18:442-447.

Fox MD, Snyder AZ, Vincent JL, Corbetta M, van Es-
sen DC, Raichle ME. The human brain is intrinsically
organized into dynamic, anticorrelated functional net-
works. Proc Natl Acad Sci USA 2005;102:9673-9678.
Fransson P. Spontaneous low-frequency BOLD signal
fluctuations: an fMRI investigation of the resting-state
default mode of brain function hypothesis. Hum Brain
Mapp 2005:26:15-29.

Greicius MD, Krasnow B, Reiss AL, Menon V. Func-
tional connectivity in the resting brain: a network analy-
sis of the default mode hypothesis. Proc Natl Acad Sci
USA 2003;100:253-258.

Gusnard DA, Raichle ME. Searching for abasdine: func-
tional imaging and the resting human brain. Nat Rev
Neurosci 2001;2:685-694.

Raichle ME, MacLeod AM, Snyder AZ, Powers WJ, Gus-
nard DA, Shulman GL. A default mode of brain func-
tion. PNAS 2001;98:676-682.

Han OS, Hong JP. Sructured clinical interview for DSV -
1V axis | disorders, research version. Seoul, Korea: Hana
Medical Publishing;2000.

Annett M. A classification of hand preference by asso-
ciation analysis. Br JPsychol 1970;61:303-321.

Yi JS, Ahn YM, Shin HK, An SK, Joo YH, Kim SH,
et al. Reliability and Validity of the Korean Version of
the Positive and Negative Syndrome Scale. J Korean
Neuropsychiatric Assoc 2002;40:1090-1105.

Lee H, Lee S. Theresearch on the validation of the Trait
Meta-Mood Scale. The Korean J Soc Personality Psy-
chology 1997;11:95-116.

Swinkels A, Giuliano TA. The measurement of concep-
tualization of mood awareness: monitoring and labeling
one's mood states. Personality Soc Psychology Bulletin
1995;21:934-949.

— 140 —

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Buchsbaum MS, Potkin SG, Siegel BV Jr, Lohr J, Katz
M, Gottschalk LA, et al. Striatal metabolic rate and cli-
nical responses to neuroleptics in schizophrenia. Arch
Gen Psychiatry 1992;49:966-974.

Davis CE, Jeste DV, Eyler LT. Review of longitudinal
functional neuroimaging studies of drug treatments in
patients with schizophrenia. Schizophr Res 2005;78:
45-60.

Andreasen NG, Paradiso S, O'Leary DS. “Cognitive dys-
metrid’ as an integrative theory of schizophrenia: a dys-
function in cortical-subcortical-cerebellar circuitry? Schi-
zophr Bull 1998;24:203-218.

Kim JJ, Mohamed S, Andreasen NC, O'Leary DS, Wa-
tkins GL, Ponto LLB, et al. Regional neural dysfunc-
tions in chronic schizophrenia studied with positron emis-
sion tomography. Am J Psychiatry 2000;157:542-548.
Desco M, Gispert JD, Reig S, Sanz J, Pascau J, Sarra-
mea F, et al. Cerebral metabolic patterns in chronic and
recent-onset schizophrenia. Psychiatry Res 2003;122:
125-135.

Davidson LL, Heinrichs RW. Quantification of frontal and
temporal lobe brain-imaging findings in schizophrenia: a
meta-analysis. Psychiatry Res 2003;122:69-87.

Grezes J, Decety J. Functional anatomy of execution,
mental simulation, observation, and verb generation of
actions: a meta-analysis. Hum Brain Mapp 2001;12:
1-19.

Hamilton AF, Grafton ST. Goal representation in human
anterior intraparietal sulcus. JNeurosci 2006:26:1133-1137.
Frey SH, Gerry VE. Modulation of neural activity during
observational learning of actions and their sequential
orders. JNeurosci 2006;26:13194-13201.

Imaruoka T, Yanagida T, Mivauchi S. Attentional set for
external information activates theright intraparietal area.
Brain Res Cogn Brain Res 2003;16:199-209.

Levy R, Dubois B. Apathy and the functional anatomy of
the prefrontal cortex-basal ganglia circuits. Cereb Cortex
2006;16:916-928.

Craig AD. How do you fedl? Interoception: the sense of
the physiological condition of the body. Nat Rev Neuro-
sci 2002:3:655-666.

Kringelbach ML, Rolls ET. The functional neuroana-
tomy of the human orbitofrontal cortex: evidence from
neuroimaging and neuropsychology. Prog Neurobiol 2004,
72:341-372.

Fink GR, Markowitsch HJ, Reinkemeier M, Bruckbauer
T, Kessler J, Heiss WD. Cerebral representation of on€'s
own past: neural networks involved in autobiographical
memory. JNeurosci 1996;16:4275-4282.

Mesulam MM. From sensation to cognition. Brain 1998;
121:1013-1052.

Elliott R, Dolans RJ, Frith CD. Dissociable functions
in the medial and lateral orbitofrontal cortex: evidence
from human neuroimaging studies. Cereb Cortex 2000;



10:308-317. ral networks underlying endogenous and exogenous Vi-

38. D'Esposito M, Postle BR, Rypma B. Prefrontal cortical sual-spatial orienting. Neuroimage 2004,23:534-541.
contributions to working memory: evidence from event-  40. Booth JR, Burman DD, Meyer JR, Gitelman DR, Par-
related fMRI studies. Exp Brain Res 2000;133:3-11. rish TB, Mesulam MM. Modality independence of word

39. Mayer AR, Dorflinger JM, Rao SM, Seidenbergs M. Neu- comprehension. Hum Brain Mapp 2002;16:251-261.

- 141 -



