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Relationship between Comorbid Cognitive Impairment and Functional
Outcomes in Stroke Patients with Spatial Neglect

Eun Hwa Jeong, O.T, M.S.", Bo-Ram Kim, M.D., Ph.D."?, Jongmin Lee, M.D., Ph.D."?
'Department of Rehabilitation Medicine, Konkuk University Medical Center; *Department of Rehabilitation Medicine,

Konkuk University School of Medicine

Objective: The aim of this study was to investigate relationships between cognitive impairment and functional outcomes

in stroke patients with spatial neglect.

Method: Twenty seven right hemisphere ischemic stroke patients who admitted to an inpatient rehabilitation unit were

included. Patients were divided into two group based on KF-NAP scores: Neglect group (n=18) and non-neglect group

(n=9). Neglect group (n=18) were subdivided into two groups by discharge FIM scores as poor outcome group (n=8, <70)

and good outcome group (n=10, = 70). Cognitive function assessments including attention (Attention & Calculation, Digit

span test-Forward), memory (Digit span test-Backward, SVLT-Immediate recalls/Delayed recalls) and visual perception

(LOTCA-Visual perception/Visuomotor organization), and stroke severity assessment including NIHSS, FMA,

K-MMSE, and FIM were performed. Cognitive impairments and functional outcomes were compared between two groups.
Results: There were significant differences in NIHSS, FMA (affected U/E, affected L/E), discharge FIM, FIM gain and
LOTCA-visuomotor organization between Neglect group and non- neglect group (p <0.05). Among the patients with

spatial neglect, there were significant differences in KF-NAP, K-MMSE and assessment scores of memory and visual

perception between poor outcome group and good outcome group. Attention, memory and visual perception were sig-
nificantly correlated with KF-NAP scores (p <0.05).

Conclusion: Stroke patients with spatial neglect showed more severe impairment in cognitive, motor and general func-

tional status, which resulted in delayed functional recovery. Spatial neglect patients with combined memory and visual

perception impairment may show poor functional outcome. (Brain & NeuroRehabilitation 2016; 9: 37-47)
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ischemia (n=59)
hemorrhage (n=32)
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Rt. hemisphere damage
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No visual deficits and hearing
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Subjects
(n=27)

Neglect (n=18) No neglect (n=9)

Fig. 1. Inclusion criteria in this study.



Table 1. Comparison of Characteristics and Cognitive Function in Neglect
Group and Non-neglect Group

Total Neglect Non-neglect
N=27 N=18 N=9

Age (years) 67.6+10.6 66.3+11.8 70.1+£7.7
SEX

Male 14 (51.9) 11 (61.1) 3(33.3)

Female 13 (48.1) 7 (38.9) 6 (66.7)
Lesion location

ACA 2(7.4) 2(11.1) 0(0)

MCA 25(92.6) 16 (88.9) 9 (100)
Initial NIHSS* 9242 10.8+£3.8 54+29
Initial FMA

Affected total* 42.8+£33.2 32.6+259 63.3+38.1

Affected U/E* 27.6+25.9 20.8+19.8 40.9£28.3

Unaffected U/E 61.0+13.2 58.8+15.9 654+1.1

Affected L/E* 153+11.1 11.8£9.8 224+105

Unaffected L/E 30.6+£10.3 292+124 334+1.1
Initial FIM* 68.9+21.9 60.0 £ 18.1 86.7+18.2
Discharge FIM* 80.7 +£26.6 68.1+21.5 106.0+15.7
FIM gain* 11.8+10.6 8.1+£73 19.2+12.5
Initial K-MMSE 21.1£6.1 19.7+6.3 240+4.5
A&C (K-MMSE) 20+£1.8 1.6+1.6 27+2.1
Digit span-F 57+£19 57+1.8 5.7+£2.1
Digit span-B 27+£14 2716 2.7+09
SVLT-IR 141+£63 13.9+74 143+3.4
SVLT-DR 42+£3.0 42+3.6 41+14
LOTCA-VP 13.1£3.7 122+423 15.0£0.7
LOTCA-VMO* 143+ 6.4 11.9+£5.1 19.1£6.2

Values are mean + standard deviation or N (%). A&C: Attention & Calculation,
Digit span-F: Digit span test-Forward, Digit span-B: Digit span test-Backward,
SVLT-IR: SVLT-Immediate recalls, SVLT-DR: SVLT-Delayed recalls,
LOTCA-VP: LOTCA-Visual perception, LOTCA-VMO: LOTCA- Visuomotor
organization. Mann-Whitney test by *p <0.05.
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Fig. 2. Anatomical analysis methods. Specific lesions related to spatial neglect. 1. Superior frontal gyrus, 2. Middle frontal gyrus, 3. Inferior frontal gyrus, 4. Superior
parietal lobule, 5. Caudate nucleus, 6. Thalamus, 7. Inferior parietal lobule, 8. Internal capsule-anterior limb, 9. Basal ganglia, 10. Insular cortex, 11. Internal capsu-
le-posterior limb, 12. Hippocampus, 13. Superior temporal gyrus 14. Middle temporal gyrus.

Table 2. Comparison of Cognitive Function and Functional Outcomes in Neglect Group and Non-neglect Group by ANCOVA Analysis

Neglect group Non-neglect group
Mean + SD 95% CI Mean + SD 95% CI ?
A&C (K-MMSE) 1.8+04 0.855~2.776 22+0.7 0.790~3.727 .638
Digit span-F 59+£04 4.956~6.989 5107 3.613~6.721 422
Digit span-B 29+03 2.202~3.665 22+05 1.127~3.362 .340
SVLT-IR* 16.1£12 13.464 ~18.802 9.9+51.9 5.876 ~14.037 .025
SVLT-DR 5.0£0.6 3.664~6.453 24+1.0 0.306~4.571 .065
LOTCA-VP 13.5+£0.6 12.123~14.898 123+1.0 10.191~14.433 381
LOTCA-VMO 128£13 10.101~15.691 172+2.0 12.986~21.482 125
D/C FIM* 77.0+24 71.937~82.069 88.1+3.7 80.360~95.849 .033
FIM gain* 8.0+24 3.011~13.143 19.1+3.7 11.434~26.923 .033

Values are mean + standard deviation. A&C: Attention & Calculation, Digit span-F: Digit span test-Forward, Digit span-B: Digit span test-Backward, SVLT-IR:
SVLT-Immediate recalls, SVLT-DR: SVLT-Delayed recalls, LOTCA-VP: LOTCA-Visual perception, LOTCA-VMO: LOTCA- Visuomotor organization, D/C
FIM: Discharge FIM. ANCOVA by *p <0.05.
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FAIT 24.0 £ 4582 F 7 7bof| FAHLE {3 2po]
99T QA7) B 35 3 Fou5d, 7)ol 3

AR Golg Fol7h YA AXZ 75 BrigE
5 EH2EHY AAAER JAFTHAEE FAEEE
(LOTCA-Visuomotor organization)< F-A|of| A A3} =
o] AATHp <0.05) (Table 1).

2) B JURA| LEI|5H oIT

7157 ozt HY A FIM 47k AL 68.1 =
21.5, B FA) 106.0 = 15.72 FA]9 EY A] FIM &
57t o)A AstEol YAT(p<0.05). Y Al FIM
AL BAR 60.0 £ 18.1, B A 86.7 + 18.22 FA|F
o} 99 A FIM A4t 321514 A3t]o] 3tHp<0.05).
7154 3% Hzol FIM gain ¥4 ZAZ 8.1 + 7.3,
HEAZ 19.2 + 1252 FAZA §o5HA A3teof
21 tHp<0.05) (Table 1).

3) BEANEAO| O|S M= FZIRA|0f [ QIX| 7|

5 IIsH T

9 A FIM 40} NIHSS H4-2 243 Fens
A3k 4LAolBEAAFSZE SAHSVLT-Immediate recalls)
o] BAIFZoA 9.9 = 51.9 (95% CI, 5.876~14.037), v] 5
A2 16.1 = 1.2 (95% CI, 13.464~18.802) 2 FA| 70| A]
ol AstEle] AALp<0.05), EY A FIM Hoi
BA oA 77.0 £ 2.4 (95% CI, 71.937~82.069), 8| F
Ao A 88.1 £ 3.7 (95% CI, 80.360~95.849)2 F-A|+
oA §olatA Astelol ALTHp<0.05). FIM gaine &
Aol A 8.0 = 2.4 (95% CI, 3.011~13.143), B FA|Z
of A 19.1 + 3.7 (95% CI, 11.434~26.923) 2.2 TA|F0|
A $-ol8lA AstEo] ATHp<0.05) (Table 2).
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5 3FA A 18% F UE 52 8%, T2
AT 107g0] Ut} Bt A2 U dF 699 +
9.44|, F2 AT 63.5 = 13.201903, A2 F2 9%

oA A 47 (50%), oA} 47 (50%), LR of 3 Fof A
G2 778(70%), A 37 (30%)°] et HH A= HE
of| o) A Al ]S (Anterior Cerebral Artery, ACA)©]
19(12.5%), =] *=5=(Middle Cerebral Artery, MCA)©o]
79(87.5%)0| Q1L =& T Fo A A= (Anterior
Cerebral Artery, ACA)o] 1%(10%), %52 Middle
Cerebral Artery, MCA)°] 97(90%) ] it} VMR o 313}
FL ATTE B F 7 o], A, B Aol BA

Table 3. Comparison of Characteristics and Cognitive Function in Neglect
group by Functional Outcomes

Total Poor outcome  Good outcome
N=18 N=8 N=10

Age (years) 66.3+11.8 69.9+94 63.5+13.2
SEX

Male 11(61.1) 4 (50) 7 (70)

Female 7(38.9) 4 (50) 3(30)
Lesion location

ACA 2(11.1) 1(12.5) 1(10)

MCA 16 (83.9) 7 (87.5) 9 (90)
KF-NAP* 144+6.6 18.3+8.0 113+£2.8
Initial NIHSS 10.8 +£3.8 125+4.0 94+32
Initial FMA

Affected U/E* 20.8+22.6 27.6+25.0 15.4+20.0

Unaffected U/E 58.8+15.9 54.1+21.0 62.5+10.0

Affected L/E* 11.8+9.8 9.0+7.2 14.0+11.3

Unaffected L/E 29.1+12.2 245+ 84 33.0+14.2
Initial FIM* 60.0 +18.1 463+ 175 70.9+9.2
FIM gain* 8.1+73 35+29 11.7+7.8
Initial K-MMSE* 19.7+6.3 16.0+7.4 226+33
A&C (K-MMSE) 1.6+£1.6 21+14
Digit span-F 57+1.8 6.3+2.0
Digit span-B 27+1.6 3.1£15
SVLT-IR** 14.0+7.4 18.5+6.2
SVLT-DR** 42+3.6 6.5+3.1
LOTCA-VP** 122443 151+1.1
LOTCA-VMO** 12.0+5.1 142+49

Values are mean + standard deviation or N (%). A&C: Attention & Calculation,
Digit span-F: Digit span test-Forward, Digit span-B: Digit span test-Backward,
SVLT-IR: SVLT-Immediate recalls, SVLT-DR: SVLT-Delayed recalls,
LOTCA-VP: LOTCA-Visual perception, LOTCA-VMO: LOTCA- Visuo-
motor organization. Mann-Whitney test by *p <0.05, **p <0.01.

Moz folg Holrk girkTable 3)

HEF T35 = NIHSS ot ¥ v 5 FMAY
b S 2 g2 B2 BAHOE §
ot Apol7t gllewt A S5 == KF-NAPH7F L
m o TZ 183 + 8.0, T TL 11.3 + 2.82 pm
A& FITE7t w2 ALZ YePHTHp <0.05).

919l Al FIM 47} BAIZ 463 = 17.5, H]|BRAZ
70.9 = 922 Al U Al FIM H4=71 f-25HA A
3lElo] A Athp<0.05). 7154 3)E A=<l FIM gain &
2L BR8] + 7.3, HJRAZ 192 + 1258 A]:Loﬂ
A oI5 AstElo] 2ATHp<0.05). K-MMSERS:

B A ZT 16.0 £ 74, L 9 & 22.6 = 332 14-—
o520 A|7)%50] A5} o] YUTHp<0.05) (Table 3).
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2 o3t Aolvt Yotk 719l 9 F 24 AT o
g} 2]-9-7]|(Digit span test-Backward)+= F o 7tof| -5-2J 35t
o) 7k gl e, A& ofstsHdA-E2 34HSVLT-Im-
mediate recalls)9] B H4E G T4 14.0 +
743, L T4 18.5 = 627 o= YR T
A FAALE oA FaEo UATHPp<0.01). A&
Aojet&HAFR| A SAHSVLT-Delayed recalls)2 2}z 3
o 42 * 3,67, 6.5 £ 31FH o2 Y d5FoA FAH

2 felabl aasel ATHp<0.01). AAZ 7%
AL 2ALH FANE AXBA-AZE A2
2 (LOTCA-Visual perception)o| A] L} o] 23} £2 o
T30 W H4vh 22 122 + 437, 151 = L1802
o3 Fol g UET(p<0.01) 22l Zd =
QIR F7I-Al %5 FA%Y (LOTCA-Visuomotor organi-
zation) =2 U oS4 Pt o 12.0 = 517, $L2
AT Bt FHg 142 £ 49702 T 3 7F {3 Ao
£ B YrHp<0.05) (Table 3).

6) U= TUFA TTTY XI5 LA

H2 Z7H2A) Bhe] KENAP 5eh 2+ 217 7)% 3
VAL ABBAL S4} Bh2 veh 9197 (Digit span
test-Forward) (r=—.561) (p<0.05), A& oje+&EAHA-
27 3AHSVLT- Immediate recalls) (r=—.456) (p<0.05), 4|
AL HA-A A FAHSVLT- Delayed recalls) (r=
—.581) (p<0.05), ZA2E el FAX R 1A H7}-A] 2]
A 2152 (LOTCA-Visual perception) (r=—783) (p<<0.001)
I 2A2E QA APA R JAAF7HAIEF 485 H(LOT-
CA-Visuomotor organization) (r=—.687)9| A4 SAZ o=

Table 4. Correlation between Neglect Severity and Cognitive Impairment

KF-NAP
Coefficient P

Attention & Calculation —.383 0.117
Digit span test-Forward* —.561 0.016
Digit span test-Backward —.445 0.064
SVLT-Immediate recalls* —.515 0.029
SVLT-Delayed recalls* —.581 0.011
LOTCA

-Visual perception*** —.738 0.000
LOTCA

-Visuomotor organization** —.687 0.002

Spearman Correlation by *p <0.05, **p <0.01, ***p <0.001.

0

A 5 F Aol A FUHE X 7) % Akl 75 o o) 1A

£ EHtHp<0.01) (Table 3). A5
SAHLE FoFt AHBATE WA

AA A7 A F BA
WS FURAL B 49l Y ofrE Bl

FEA o A= S 73] (Middle frontal gyrus)Z}
67%, /;;] 3] Z(Insular cortex)©| 56%, StYAES
frontal gyrus), 3}9] 54 A (Inferior parietal lobule)x} =
ZH=F3|(Middle temporal gyrus)7} Z+2F 50%, A 9IS 5F
3| (Superior temporal gyrus)7} 44%= 7}A o] ZHH

Ao 2 Yelgton v|EA|Zo| A= 7] A 8 (Basal ganglia)
o] 56%2 717 ol A Hol Uitk % F Lol BAH
o2 gojh 2ol S e Wl A SRS (Midde
frontal gyrus), 3FFA A A(Inferior parietal lobule), AF

=53] (Superior temporal gyrus), &7+&F3]|(Middle
temporal gyrus) 2 4] & (Insular cortex)o] A THp <0.05)
(Table 5).

(Inferior

Table 5. Comparison of Lesion Location between Neglect Group and
Noneglect Group

Lesion Neglect (N=18) No neglect (N=9)
SFG 1 (6) 0(0)
MFG* 12 (67) 1 (11)
IFG 9 (50) 1 (11)
SPL 4(22) 0(0)
IPL* 9 (50) 0(0)
STG* 8 (44) 0(0)
MTG* 9 (50) 0(0)
P-O-] 4(22) 0(0)
Hippo 1 (6) 0(0)
I* 10 (56) 1 (11)
Cn 4(22) 1 (11)
BG 7(39) 5(56)
Th 0(0) 2(22)
IC-Al 1(6) 0(0)
IC-PI 0 (0) 1 (11)
PVWM-A 4(22) 3(33)
PVWM-P 6(33) 0(0)

Values are N (%), Kai-square test by *p <0.05. Abbreviation: SFG: Superior
frontal gyrus, MFG: Middle frontal gyrus, IFG: Inferior frontal gyrus, SPL:
Superior Parietal lobule, IPL: Inferior Parietal lobule, STG: Superior Temporal
gyrus, MTG: Middle Temporal gyrus, P-O-J: Parieto-occipital junction,
Hippo: Hippocampus, I: Insular, Cn: Caudate nucleus, BG: basal ganglia, Th:
Thalamus, IC-Al: Internal capsule-anterior limb, [C-P1: Internal capsule-pos-
terior limb, PVWM-A: Periventricular white matter-anterior part, PVWM-P:
Periventricular white matter-posterior part.

<43



Brain & NeuroRehabilitation 2016; 9: 37-47

8) WX JUTA TTTA FE =2 YA
AR AT P F BE FHEAL U ROE et

o
429} Table 5¢] H=

o FAIZ 18% 9] KF-NAP 4
A} B Fa 98 AXN FHE G 5 2uof
W AREAS B AR 24 @ 2% $Ades
FO% ABBAL YUrhr=.076) (p=0.764).

i1 &

£ ATE bEF F WS B2 T0RAL UK
o EU &4 AES SIS, BE F7HRA Bxfel
o ANGY F 715 Tl G Tt GG
oprzal A% H Aolct.

HEF WAL AAH, ALA 7ol B 4 B
ohet X715 £AS THALH AX7)5Y £Ake
B2 FREAG 2E FUAZ 5 gojg =3 @
o s AL W w & gz X7

(perception) ¥} FAH(representation)of] EA|7} A7]&= AL
2 AL HEFY 7153 oo Hut|(hemiplegia) &

ox

5 T HEF 2
L2HN 95 vt o] &Afof ol WAYsLY] o] +
A £A(parietal lesion)T} 7} o] Q&= Aoz <&
HA oy w2 A FAY, SFE 2192 AR
 ee] AgreR W Wk w3t olsh 2L 17
o Gut AHSE 192 5} W (subcortical lesion) 0.2 <13}
A% W3 FHTAE SR S Ao

=, shto) 54 shRErd Qofo] B FURA FAE

4z
S
of

o A
N9, N2 AZ5E, ALE 2H5ED 22 X
Holg Fi o 4 YT o] 2 U3 BE FHFA|Y
= 9 )% slEe] Aolrt 9g 4 ek

olo & A= WS FFA A7t = HEF A
of A7) AT 715 A o) BAE Yohu] 9
Aastgon B ATl iR 44 7zl sheshs 27
Wl tAA % KENAPS Alaiste] B3 F7H2A17} 9]
£ Ao et BAZ 1887 B2 TUHRAF Qe
Ao vehd WRAZ 99l £ 2o gtk 1 2
3} % 7kl WEF 27] B} % NIHSS A, 3 vl
2 aFs}7) EMA W B9 4] FIM 84 3 715 512 3
S(FIM gain)olld SAHOR G HfolS mYo
A% B2 B2 5 2R FAAR AR B
=5 7453 (LOTCA-Visuomotor organization)o]| A &

AN

ol Ay
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ot Aol & BTk Webq ol AT AukE} nptA
2 ¥EF BRolN BE FURATF 9 IRE WS
FAFAT G BART HEF FFE AST A
)

% 57159 Al 7153 et $4 @) Bzl
715A

54 350 AdE 4 Atk AL & 5 AN
FAITT Bl FEAEY QA7 754 o5 F7F
12 4 9 49 A FIM 95 U35 3350 4
NIHSS H48 A% FHeeszs Ageiolst
S]AHSVLT-Immediate recalls), ] A] FIM
FIM gainol 4l 5 2 7§91 %ol 7} 9=
U HE FRA A0 A7 s T 75 E

=

FoHe AL B A7 A9E 59

P lo 4> ot e o

e & oo ooy Hi
wa oy

P
50,
52
T

Z FLFA7E Sl SR A AA7)5 &4 Fht
1523 39 TAE &elstr] fI8f B Al FIM
FE 7IEo2 1899 FAES F2 A% 1087
T A% 89 F o= EF3AT Y A FIM H4
7b 70 vetrd A HY T gy 22 oE v
o2 FUS oz Afd7|Tto] AFEHAY oz F
Goteite A& Fo9t =o] Basiths AT 4
ol wheh & A9 7154 ¥ 7€ FIM A 703
ol43} 704 wlgre =z Ao stk

U o 32f 2 52 HEF FTES Fst
7] 98] AAFE NIHSS A4, FMA 27|87} ASolA4 =
= Abolofl frolgt Aol 7k §igl et KF-NAP, K-MMSE, <1
A 71 A 99 F 7199, AXAZ 715 Bl F
= ol Folgt Zol7h ATk wWEkA AA)7)s &40
HE FFA SR gA EJOR YEE 4

G e

r B
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f

AA7)%s E4e) Fukom 9ls) MMl 715 Szl
A5 4 9tk o H AT ET NN R B Aol
= B2 FHRAL QX7 4ol FHEE )% o
37} ymrte A3s S8 4 Yoch”

£5] 2 ApeldE Ax 7% 99 F 71en AN
719l E4po] B2 BRHEA B 71 A o o] 14
4 e nAE Ao Yehi

Baddely$} Hitch (1974)= 71992 <] A Ao thaliA] 3
9JX% =& A A|(attention control system), F8 AP 7]
5(central executive)o] FZF 9 A|F7HE HEE st B
49 AR FED A9 Ao B A B
€ 724, dHer FARFT 9 APl sl BAE &
ola ol 719 A At Aol H7| wEe 719
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28} 9129 - BE FFA HEFT EAPo A FHEE 1A

oz AAste] N7 AX7Ee o] WA W
ohY wetd B3 F2HEA S W vk &
Sx9le] Aol of2ige B Wek opi} A,
A, o579 2e AT Aol A AIXIZE

3 AHQ 7% Szo] Astuo] 754 oo £y
9 e mA 4 ek

B AT Avelq HE FIHFA| $xhe] KENAP g4

U2 BRI BT W 9 o 24d YalA
QA gre B ATolA AW ARt A AL B
Al A F7rAF3](Middle frontal gyrus)7t 67%=2 7}
% ol A=A A u] & (Insular cortex)o] 56%, 39+
A 2~ F(Inferior parietal lobule), £7F&%F3](Middle temporal
gyrus) 2} 3} A 3] (Inferior frontal gyrus)7} Z+2Z}F 50%9]
A AE Aer BAE Y 7193 HE FHEA
7 dA3o] lokar B3k LaBar (1999) 59 A olA=
S FoFH 2 719 0] AFFA QA (Frontoparietal
site) 2] AFF o2 AAE o] sjietHor AYEH= 54
& AT FEch? ®=3F 519 E 3 (inferior frontal
gyrus)= FAATN WS AR5t FHF 29029 4
2N EA 719E 4T 1 bE 71dES A=
719 7|50 Bosty** 519 =A 2 (inferior parietal
lobule)-2 f|uf(hippocampus)o} A AT o|F= AOoZ
A QoY B A7 Ao FHE LREL 7|99
of Tost= F9= olAth A Corbetta F(2011)
FURAE 7oUE L TelE AR5 A2
o2 Qg Auto)m ALkl 9 (frontal eye field) o
I} =AU F(intraparietal sulcus) H&-& Z§3l= 55
o]& =" (Dorsal attention network, DAN)¥} 3194+
9 g (Inferior frontal gyrus) ¥Zo|A SFFAH ¢ tem-
poroparetal junction) §|1&0.2 &= ulZd g S AAs=
v & F o7 =" (Ventral attention network, VAN)o| o]
oy Busg F b Aol RE B FURA
ol A HAR 22 dAFoA s FYRAFT 74, &
3, A59 A% (reorientation) 9] 7|52 = HiEZF2]
Z & (ventral attention network, VAN)o] @ 421 o] q4
& Z3ste] WS FZHEAY] W o AgtE T gon™
2 A7 AaoA e F2ET Aol A wEhA
Z ol ZZ"k(ventral attention network, VAN)¥} T3
Fa5o| BE FURA BAY FoUF B v ohet

b e

o =

o

S 715 A dAl 5o BA

e

A715 71983 A A2z 750 9FE E 5
2 AlgdHoh
T9] sjReha B4 At o] AES v
arnath 5(2004)°] 1407 ¢] 95 ofj =¥k &4
AE R HE FFAE e FAIZ(T8
SFAIZE Qe v RAIT(629)= e s
BA] BApe] B4 919 B % H (voxel-based
statistical analysis)& 3t Aol A FA|Z0] B FEA|ZT} H]
w3te] 9A $FoA AF9]EE3](Superior temporal gyrus)
9} A 9] A (Insular cortex) oA {3t Zpol7h AR
oA 2o A v/ (Caudate nucleus)t Z7}H| Y
(Putamen)©] §¢J3t Zpo]7}F gtk Bu sFgrh
H2 TR % o] =3} FAT ATFOIA Karnath
F(2010)2 = dxvt &4 HA3 M 22} 545 At
2 F47I19 7] HEF FAY FA| FF5Eo Het
sfRed B4 stled, 1 23 S471(H3 A I
o|% H 124U)0|A 7P wol E4H 492 ST
3] (Superior temproal gyrus)7} 21%0]313L o]oj A F7+&
F3](Middle temproal gyrus)7} 16%, 354 A H(Inferior
parietal lobule)©] 8%, 443 & (Insular cortex)©] 5%, 3}9]
Z %= 3)(Inferior frontal gyrus)7} 4% £AFHATHL 31K
o7
2 AFolA= AR HAA F KE-NAP F7to] o5t
H3 BUHRA e ASR et RAZT B2 B
2A} Qe AL el wRAZe] 3 917 8 24
F5E WAS 24 9T 1 A7 A F5E 9
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BAHCE felg Aols et Wi 9= FVAE
3|(Middle frontal gyrus), 3F]FAAH(Inferior parietal
lobule), A$]=53](Superior temporal gyrus), StESEF3
(Middle temporal gyrus) 22|31 41 & (Insular cortex)o]
Atk &, & A5 Ao} Hlwste] o] At Axte| vl
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