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Changes of Cortical Excitability by Prefrontal tDCS in Patients with Stroke

—A case report—

Won Hyuk Chang, M.D., Ji-Young Park, Ph.D., Ji Sung Yoo, M.D. and Yun-Hee Kim, M.D.

Department of Physical and Rebabilitation Medicine, Stroke and Cerebrovascular Center, Samsung Medical
Center, Sungkyunkwan University School of Medicine

In this case study with 2 chronic stroke patients, we investigated the nature of modulation of neural
activities during the working memory (WM) task by transcranial direct current stimulation (tDCS) over
the left dorsolateral prefrontal cortex (DLPFC) using functional MRI (fMRI). Two patients with chronic
right hemispheric stroke participated. Patients performed the 2-back WM task within the fMRI scanner
before and after tDCS application while the response data were recorded. An anodal tDCS of 1 mA
over the left DLPFC was applied for 20 min within fMRI scanner. The accuracy and the recognition
accuracy of WM task were improved after applying tDCS. In fMRI images, activation was decreased
in the left superior temporal areas in both cases which represent increased efficiency of neural resources
after applying the tDCS. The results of this study showed that the effective modulation of cortical activity
by tDCS might be a determinant for behavioral changes of enhancing WM function in patients with
stroke. (Brain & NeuroRehabilitation 2010; 4: 137-143)
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Table 1. Characteristics of Subjects

Case 1 Case 2
Age (yrs) 42 55
Sex M F
Postonset duration (ms) 7.5 16.4
Lesion Rt. MCA Rt. SC

infarction infarction
MMSE 26 26
SCNT Forward digit span test 34 34
(score) Backward digit span test 38 34

Verbal learning test 27 47

Rt: Right, MCA: Middle cerebral artery, SC: Striatocapsular,
SCNT: Seoul Computerized Neuropsychologic Test.
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Fig. 1. fMRI results for verbal
working memory task at pre-tDCS
(A-1, A-2) and post-tDCS (B-1,
B-2) in case 1 and 2. Comparison
between pre- and post-tDCS fMRI
results are presented in C-1 (case 1)
and C-2 (case 2) (p<0.005, uncor-
rected). Red spots represent increa-
sed activation and blue spots repre-
sent decreased activation after tDCS.
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Table 2. fMRI Activation Areas before and after tDCS over the Dorsolateral Prefrontal Cortex in Patients with Stroke

Talairach coordinates

Brain region Laterality Brodmann Z-score p value
area o y o
Case 1
Pre-tDCS
Middle frontal gyrus Rt 6 39 13 56 5.13 <0.005
Lt 9 —48 18 36 7.21 <0.005
Inferior frontal gyrus Rt 8 42 19 50 6.01 <0.005
Superior parietal lobule Lt 22 —56 11 -2 4.79 <0.005
Inferior parietal lobule Lt 20 —39 -3 —37 4.20 <0.005
Middle occipital gyrus Rt 39 33 —60 37 5.29 <0.005
Lt 13 —50 —17 24 5.11 <0.005
Post-tDCS
Middle frontal gyrus Lt 6 —48 10 45 6.38 <0.005
Inferior frontal gyrus Lt 9 —-59 9 25 5.18 <0.005
Superior parietal lobule Lt 7 —27 —54 42 422 <0.005
Inferior parietal lobule Lt 40 —30 —40 39 4.02 <0.005
Middle occipital gyrus Rt 19 45 —74 —3 5.03 <0.005
Lt 18 —30 —97 6 6.46 <0.005
Case 2
Pre-tDCS
Superior frontal gyrus Lt 10 —30 63 -2 5.33 <0.005
Middle frontal gyrus Rt 10 36 60 -7 5.12 <0.005
Lt 46 —56 27 27 6.00 <0.005
Inferior frontal gyrus Rt 47 48 16 -5 5.74 <0.005
Lt 47 —48 22 -3 59 <0.005
Inferior parietal lobule Lt 40 —39 —37 44 6.28 <0.005
Precuneus Lt 7 —21 —54 45 7.46 <0.005
Middle temporal gyrus Lt 37 —42 —59 —4 5.76 <0.005
Post-tDCS
Superior frontal gyrus Lt 10 —30 63 —2 6.27 <0.005
Middle frontal gyrus Rt 9 45 21 28 7.01 <0.005
Lt 46 —50 21 28 7.45 <0.005
Inferior frontal gyrus Rt 47 36 28 -3 6.24 <0.005
Lt 47 —30 25 -3 5.47 <0.005
Superior parietal lobule Lt 7 —21 —59 56 7.12 <0.005
Precuneus Lt 7 —21 —51 48 7.57 <0.005
Inferior temporal gyrus Lt 20 —50 —51 —12 5.86 <0.005
Lt: Left hemisphere, Rt: Right hemisphere.
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Table 3. Increased or Decreased fMRI Activation Areas after tDCS over the Dorsolateral Prefrontal Cortex in Patients with Stroke

Talairach coordinates

Brain region Laterality Brodmann Z-score p value
area = y 7
Case 1
Increased activation
Inferior frontal gyrus Rt 13 36 20 14 3.57 <0.005
Decreased activation
Superior frontal gyrus Rt 9 21 36 35 3.06 <0.005
Insula Lt 13 —45 0 12 34 <0.005
Caudate Lt —21 23 8 4.02 <0.005
Putamen Lt —21 14 3 297 <0.005
Superior temporal gyrus Lt 42 —65 —27 8 3.96 <0.005
Middle temporal gyrus Lt 21 —62 —17 —6 4.12 <0.005
22 —59 —36 5 3.53 <0.005
Inferior temporal gyrus Lt 20 —56 —14 —26 5.00 <0.005
20 —36 —12 —41 4.19 <0.005
Case 2
Increased activation
Lingual gyrus Lt —30 —74 5 2.79 <0.005
Decreased activation
Inferior frontal gyrus Lt 44 —48 9 17 3.78 <0.005
Superior temporal gyrus 22 —45 —18 5 2.99 <0.005
Middle temporal gyrus Rt 21 —45 —16 —11 3.37 <0.005
Rt 21 53 —16 —13 2.93 <0.005
Cuneus Rt 17 21 —79 13 3.36 <0.005

Lt: Left hemisphere, Rt: Right hemisphere.

AL AT 5 A%, 27 E—‘:r EdE3gt EHTo
2h-g-o] TEER| oo} QHAT W g
3L AA71Y BA| 3 Y el Fhkste] 7)s
THIYY HEAHS 2358 HaEE WIS 0T
Uit
A7}t dTE HBAHY ¥istes 2A 4 Ha
(activation decreases), &4 Z7Hactivation increases) %
A A =2 (reorganization of activation) &2 =0 AY
2% 4 Sk o] % BA 27k ASAY L5, 4%
S AT T HAE SRS o) Yepd Ao] B
o AT Y Gk A A A T AR
SHs9e W APHoR et o2 dA 9l
R e} AR F HEe) wst e HEae)
A 27, BRI A% 5F, AH RS FE Sof ot
o} cheralAl ek 4 918 Ao Rop] 2FRE ol
g e Avt ad Aoz AzrEck” Garavan 5°
& RGN 2087k0) F7)o) 3] A A 2]
o BAE A AW A5 FIINE 5
sto] A 8 A7t F71eHHA AAFYE, FHE, &
T FAo] fgadte AL skt o5 F3to I
Al 3 A=t F7FeHEA HEAo] Aasts AL 4

N

d

>_\ﬂrﬂ,

A meural efficacy)®] Z712 S 4jatodet. ol 417
&749 F7t= &4 A B A=l tiEt vkgo] 2ot
& AAA EZ(neuron)2] Ao Q& EAEE A<l
0 ol moh A mgEel 4
ntation)” Ex Bt} HE3s 7154 3|2 (functional circ-
uit) 2 vhedste @ato g Agzkgd” 7129 (DCSE
3 WA o] W] it AFZ Jang 50 I3} &5
1] & (primary motor cortex)®] 2027+ tDCSE AL
o) SiahSel via] 25 BA| S A A2 el BAol
Z715He Wustgch ol B ZelolA vehd B4 4
ol th2 Aot o]t 2ol Jang 59 ATt &
T HAE FHT% A=, AR HAE AT & FH et
27| fzes JzEw, E3 A5 BA B4, B4
3} YEZAes Aolo] A E KT Hst Aot
AolatA el Aow st

A7 AgEo] AL Hols HYAS ¢S Hl
EAALTY, F= Bo&H AT Y (ventrolateral prefro-

ntal cortex), = ALF 4 Y(premotor cortex), = &

Er > < T ]

X7 EAH(neural represe-

(frontal pole), ¥= 31+ A H(inferior parietal lob-
ule) Sol dHA Q3> FAA ) vlste] g7}
X

A 5 A FAO) FAE Bolk HWdoe F7HRol

« 141



Brain & NeuroRehabilitation : 2011; 4: 137~143

(middle frontal gyrus), Zuw o] (anterior cingulate cor-
tex), 0] o] (posterior cingulate cortex) 5] &#HA
o} T3 A A ¥ e (neurodevelopment) o] what 2H¢ 7]
3 ApE A= ol7} gl Ao LA o], of
Z7)9& k= m]Atal(caudate nucleus), AJAH(thalamus)z}k
oFA ¢ (anterior insula) @] &Ado] Z71staL, HAA W7o =
5 WS AATFY B0l Sk, delolA= &

2 WS RATAT ¥ FEAA BAe F71

seitta HuEw Yok 2299 FeoA BE (DCS
% QoA 7|5A| TG GANA A Aol wle) & =
g B4 At wEEHP o, 1 o= HE 7]A
d, F2 ATG 9 $2 2549 B4 gas BEEYY
o B FeE 29 B Y 4 HEF dxgisd), of
RSN A Ao g7 BAE et Aol 4
AQlate TEAM 25 ] 4ol 7}?4 ez A
zZo] o|ZojF o (DCSE A&o] wat A4 584

o] S7H= 0], o] FH9 H&B/ o] HaE A

= s 15
T % oo

Ao 374

2 zee 29o) HES BAE Ao AW Aol
7] gz ol=ie ATE Yutssis Bt Rt AL
Aﬂi 2 s G2 BAR 5 o} dr)

E}X}EH ﬂ~— EHHHHLA %]'o FdT DCS w2 s}
e HoAFe FEH=A A AFTY 7tade Ho

F= guidle d2 AZEn. 2 S ddRbelA 2
719 A A5e S23] 3t § ol FLEHA H= T
Aol o]277] B2l dA HAbshs Sl s Eﬂrf
A E S Ao ddEy, gah yeld H3ke tDCS
o] gatz spolsid] Favt le AL AJrHT: 1
U, 9SS AR o] ¢l Abdjol] He] mrt
e TS 97 eME A g2 AT 4AE
Bt 7 A7 283 Aoz AyZFHLH

12 Y

1) Feigin VL, Barker-Collo S, Parag V, Senior H, Lawes CM,
Ratnasabapathy Y, Glen E. Auckland stroke outcomes study.
Part 1: Gender, stroke types, ethnicity, and functional out-
comes 5 years poststroke. Newurology. 2010;75:1597-1607

2) Heinemann AW, Linacre JM, Wright BD, Hamilton BB,
Granger C. Prediction of rehabilitation outcomes with disa-
bility measures. Arch Phys Med Rehabil. 1994;75:133-143

3) Baddeley A. Working memory. Science. 1992;255:556-559

4) Smith EE, Jonides ]. Storage and executive processes in the
frontal lobes. Science. 1999;283:1657-1661

5) Constantinidis C, Procyk E. The primate working memory

142 »

networks. Cogn Affect Behav Neurosci. 2004;4:444-465

6) Vines BW, Nair DG, Schlaug G. Contralateral and ipsilateral
motor effects after transcranial direct current stimulation.
Neuroreport. 2006;17:671-674

7) Ragert P, Vandermeeren Y, Camus M, Cohen LG. Improve-
ment of spatial tactile acuity by transcranial direct current
stimulation. Clin Neurophysiol. 2008;119:805-811

8) Ohn SH, Park CI, Lee BH, Kim YH. Effect of prefrontal
repetitive transcranial magnetic stimulationon the enhance-
ment of working memory. | Korean Acad Rehabil Med.
2008;32:501-505

9) Fregni F, Boggio PS, Mansur CG, Wagner T, Ferreira M],

Lima MC, Rigonatti SP, Marcolin MA, Freedman SD, Nitsche

MA, Pascual-Leone A. Transcranial direct current stimulation

of the unaffected hemisphere in stroke patients. Neuroreport.

2005;16:1551-1555

hn SH, Park CI, Yoo WK, Ko MH, Choi KP, Kim GM, Lee

YT, Kim YH. Time-dependent effect of transcranial direct

10

=

current stimulation on the enhancement of working memory.
Neuroreport. 2008;19:43-47

11) Jo JM, Kim YH, Ko MH, Ohn SH, Joen B, Lee KH. Enhan-
cing the working memory of stroke patients using tdcs. Am
J Phys Med Rehabil. 2009;88:404-409

12) Kim YH. Application of functional mri in the field of
rehabilitation medicine. | Korean Acad Rehabil Med. 2000;
24:349-363

13) Kim YH, Shin SH, Park SH, Ko MH. Cognitive assessment
for patient with brain injury by computerized neuropsycho-
logical test. | Korean Acad Rehabil Med. 2001;25:209-216

14) Iyer MB, Mattu U, Grafman ], Lomarev M, Sato S, Wass-
ermann EM. Safety and cognitive effect of frontal dc brain
polarization in healthy individuals. Neurology. 2005;
64:872-875

15) Kelly C, Foxe JJ, Garavan H. Patterns of normal human brain
plasticity after practice and their implications for neurore-
habilitation. Arch Phys Med Rehabil. 2006;87:520-29

16) Elbert T, Pantev C, Wienbruch C, Rockstroh B, Taub E. In-
creased cortical representation of the fingers of the left hand
in string players. Science. 1995;270:305-307

17) Hund-Georgiadis M, von Cramon DY. Motor-learning-rela-
ted changes in piano players and non-musicians revealed by
functional magnetic-resonance signals. Exp Brain Res. 1999;
125:417-425

18) Garavan H, Kelley D, Rosen A, Rao SM, Stein EA. Practice-
related functional activation changes in a working memory
task. Microsc Res Tech. 2000;51:54-63

19) Poldrack RA. Imaging brain plasticity: Conceptual and meth-
odological issues--a theoretical review. Neuroimage. 2000;12:
1-13

20) Jang SH, Ahn SH, Byun WM, Kim CS, Lee MY, Kwon YH.
The effect of transcranial direct current stimulation on the
cortical activation by motor task in the human brain: an fmri
study. Newurosci Lett. 2009;460:117-120

21) Owen AM, McMillan KM, Laird AR, Bullmore E. N-back
working memory paradigm: A meta-analysis of normative



oz ]

Koo 9| 39

[

LEZE WOl H

=T d

functional neuroimaging studies. Hum Brain Mapp. 2005;
25:46-59

22) Hampson M, Driesen NR, Skudlarski P, Gore JC, Constable
RT. Brain connectivity related to working memory perfor-

cojd o

B AR EH7|AZO| W2 CHE|LY TRLCO| BidL — &3 Hi—
mance. | Neurosci. 2006;26:13338-13343
23) Bunge SA, Wright SB. Neurodevelopmental changes in

working memory and cognitive control. Curr Opin Neuro-

biol. 2007;17:243-250

<143



