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Abstract

OBIJECTIVE: Post-stroke cognitive impairment (PSCI) is mainly manifested as impairment of attention, orientation, memory and visuospatial functions. Repetitive
transcranial magnetic stimulation can stimulate brain nerve cells, change the action potential of nerve cells, and improve brain cognitive functions such as
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speech, memory, attention, and executive ability. This study systematically evaluated the efficacy of repetitive transcranial magnetic stimulation in improving

cognitive impairment in stroke patients.

METHODS: Randomized controlled trials addressing repetitive transcranial magnetic stimulation for cognitive impairment in stroke patients were searched from
CNKI, VIP database, PubMed, Cochrane Library, EBSCO, Web of Science and other electronic databases. The retrieval time was from the database inception

to December 2021. Montreal Cognitive Assessment Scale, Mini-Mental State Examination, P300 event-related potential (latency, amplitude), and modified
Barthel index were used as outcome indicators. The risk assessment of the screened literatures was carried out according to the Cochrane tool described in the
Cochrane Handbook for Systematic Reviews of Interventions. RevMan5.4 software was used for Meta-analysis.

RESULTS: A total of 16 randomized controlled trials with 847 patients were included. Meta-analysis results showed that Montreal Cognitive Assessment Scale
[mean difference (MD)=3.40, 95% confidence interval (C/): 2.57-4.24, P < 0.000 1), Mini-Mental State Examination (MD=2.22, 95% CI: 0.78-3.65, P=0.002),
auditory event-related potential P300 latency (MD=-27.11, 95% Cl: —=35.56 to =18.66, P < 0.000 1) and P300 amplitude (MD=1.91, 95% CI: 1.06-2.76, P < 0.000 1),
and modified Barthel index score (MD=6.98, 95% CI: 3.41-10.56, P=0.000 1) were better in the experimental group than the control group. Subgroup analysis
showed that low-frequency (< 1 Hz) repetitive transcranial magnetic stimulation had a slightly lower effect than high-frequency (> 1 Hz) repetitive transcranial
magnetic stimulation in improving cognitive function of stroke patients, but there was no significant difference between them.

CONCLUSION: Current evidence suggests that both high- and low-frequency repetitive transcranial magnetic stimulation therapies can effectively improve the
cognitive function and daily living ability of stroke patients. Limited by the number and quality of included studies, the above conclusions need to be verified by

more high-quality studies.

Key words: repetitive transcranial magnetic stimulation; stroke; high frequency; low frequency; cognitive impairment; randomized controlled trial; system

evaluation; Meta-analysis
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Figure 3 | Forest plot of meta-analysis on the effects of repetitive transcranial magnetic stimulation

on Montreal Cognitive Assessment scores
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Table 1 | Basic information of the included studies

AR R ey itE T T i Pk 1A HRAL TR RN
REEG (/L n) (s, %) T e
Jite

T C T C T c
FiE™, 11/4 10/5 57.8+13 58.849.3 (52.5421.6)d  (57.3#18.5)d I, I, Il +10 Hz, 80%MT (1] rTMS FEAN AR -2 4MI 2 X 1, 11, 5%/, @
2021 10/5 60.2+11.6 (56.0+25.4) d I, II, [I+1Hz, 80%MT ] rTMS fE{MI G435 oMU sz 5 X 1, IV 3t 8 J&
FHg52 ™, 11/1  12/1  58.58+11.98 60.15+10.29 (59.83+30.59) d (56.15%+23.74)d [ +10 Hz, 80%MT [f] rTMS FerAi MR 1, 10, S/ E, O
2018 11 34
e, 7/8 9/6  65.47+3.68 64.53+4.72 (22.73+8.05)d (19.13+7.95)d Il +5Hz, 100%MT [{] rTMS AR Il S5/, O@
2020 L3
KIM®Z, 4/2  4/2 535%16.9 66.8+17.2 (241.2+42.5)d (69.7+39.0)d 10 Hz, 80%MT [J rTMS JE T AMU TR B 5 \ 2 ®
2010 2/4 68.3+7.4 (404.4%71.7) d 1Hz, 80%MT [ rTMS 25 AN FT A R
e, 7/8 9/6 65.8433  64.3#51  (30.5¢7.8)d  (32.9+4.4)d [, I, II+5Hz, 80%—120%MT Z-AMiAGiH5 &Ml X 1,1, 5k/FH, @
2019 It rTMS 11 L3
gk 09 17/13 18/12 59.9+6.7 60.5%6.6 (44.9¢5.7) d (45.8+4.6) d 1, Il +3Hz, 80%MT ] rTMS %5 -5 Al [X I, 1, 5%/, O®
2017 16/14 60.246.5 (45.7+5.3) d [, I +0.5Hz, 80%MT [f] rTMS \ Lap @
A5G ™, 11/15 12/10 58.6+44.2  57.9+43  (4.0£0.7) N H (4.2#0.8) MH 1, Il +5Hz, 80%MT [{JrTMS  ZMIRi&rt¥S oML 1, 11 5%/F, O®@
2015 Ja
BIER P, 8/8  12/8 66.8t8.1  71.747.0 Ktk PR3 [, VI+5Hz, 110%MT {1 rTMS /2 45IH-75 ST i I, VI 10d D
2012
PARK™®!,  4/6 5/5 60-89 60-89 FHR Atk I11 +10 Hz, 100%MT ] rTMS T2 RTAT R R 11 3/, @
2015 JLa
g, 37/33 39/31 57.1#50  56.8t4.8  (2.9:0.8) N (2.8:0.8) N 1, Il +10Hz, 80%MT f1rTMS  ZEMIESAMUAIT K IX T, 1T 5%/, @
2019 a4
AP, 30/23 27/22 62.6¢87.8  60.4%7.8  FKfhik H Atk [ +3Hz, 80%MT [1J rTMS TUMAR . 5L R I 1k, ©
2013 Jt20d
pu, 30 30 57.6¢7.8 Atk [ +0.5Hz, 60%MT [¥] rTMS U A 1 5K/, @
2005 a4
ASKIN®",  15/5 14/6 56.75+11.46 58.80+12.02 (28.35+15.34) (24.35+15.39) Il +1 Hz, 90%MT [{J rTMS P i 11 s/ JE, @
2017 ™MH ™MH 10 %
LIy, 10/19 16/13 58.55t6.24 57.69+7.25 8.79+1.84 8.62+1.84 11, VI+10Hz, 90%MT (] rTMS  ZE{T35 SMI A 2 5 I, VI sik/M, @
2020 L4
e 21/12 19/13 61.79#5.51 59.4746.75 (28.64+12.60)d (27.78+11.01)d [, Il +1Hz, 90%MT ) rTMS 5 AMIUIRGTAR I K 5t I, 1I s/, @3
2021 JLa
LU, 12/7 13/8 42.5#12.3 47.3+11.8 67d s6d Il +1Hz, 100%MT f{J rTMS T HM A R I, IV six/E, ©
2015 It 4 7
Frk: OFRRRNFIPG RIS QRIS MIRA RIS @UR Barthel f8%PF4r: @ P300; rTMS B2 MELRIN: MT i B Bigah ;1 EHe
WityT s TUMNEITIREIZR: DA BRI ZR: Vo AERRIE: Vs % VDO TR, C Jyxiial
=2 | PALHBIREIF
Table 2 | Quality assessment of the included studies
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Figure 4 | Forest plot of Meta-analysis on the effect of repetitive transcranial magnetic stimulation
on Mini-Mental State Scale Examination scores
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Table 3 | Meta-analysis results of the effects of repetitive transcranial magnetic stimulation on
auditory event-related potentials (P300 latency and amplitude) and modified Barthel index scores

BB E PINIETEEL 5 MRS 56 45 Meta /&
Pia I {8 MD 1t (95%CI) PiE
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7 1 A& & 1.90(0.15-3.65) 0.03
(B Barthel 4841 4 0.08 49% 5.95(3.94-7.96) <0.0001
i 2 0.09 54% 7.40(4.82-9.97) 0.000 1
7 2 0.67 0% 3.69(0.48-6.90) 0.02
Begg's funnel plot with pseudo 95% confidence limits Begg's funnel plot with pseudo 95% confidence limits
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Figure 5 | Funnel plot of publication bias risk for studies on the effects of repetitive transcranial
magnetic stimulation on cognitive function
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Figure 6 | Sensitivity analysis of the effects of repetitive transcranial magnetic stimulation on
cognitive function
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Table 4 | GRADE quality of evidence of the included studies

i EUN AT R A— et Ak KA R
R FEAR ;o Ttk i 75
SRR =R VP 11 595 0 0 0 -1 0 TS ©® o
T8l 2y R RS B R P4y 6 238 0 -1@ 0 -1® 0 k@& ® oo
M HLAL P300 BRI 2 135 10 1@ o -1® 0 Ik ® ooo
HEMHISE RS P300 B 2 135 10 1@ o -1® 0 Rk ® ooo
2 [ Barthel 5% 4 273 0 0 0 -13 0 FESG® o

RIE: OMATTFAEBNL. 7 BLROBN 507 T AFAEBOR R, SCIRASEOR ;. @A R SL ) ELAE X ) f
B2, SEBVERERE P AR, TP EER: @MABTREA RN, AE X AR, AT X A
GRADE it & PP A H AR B EAT =205, O AR AAFEAEmFS, 1 Bt ™ E. 0 MR -1 4

[ 1 2%

UN IV TRNINES R SCiiE s EEPT = b i
1M P300 8 AR 145 55 . IR T v 36 W 25 v
BENFIThRE s . T 5 2 A 9% B AL
P300 X 4% R 35 A 1 T RE A2 Wb B A UK
BONL, A DA BRI R K AR L FR
LIRS b7 B

G 2RI B M R,
JE I A Ik R A PR R R T R o Xt
ATRFSLE S, AR AE RN A& o
0 A SR R VR Y atd o I I i = R
T RAL B BT A O, TA R
BEZ WM BER " " TN
N SCHR ST Fi 2 F R PP AG A S0 D B B A
IR ASFEFR A FIT R B2k
R R R, BT Meta 4B &5 ol 4,
2 TR A G U R R A
Thfi, ARGy AT 2 R R A T4
I AN X PRI, T AT R R e
NG B4 FOmAT NS ES A, Rl
PRI AT XL SRR, v e
IR AE B, 2 L ok
R T 0 22 70 2 fid 19 ) 98 e 30 T o5 i 12
S SN oI A I =R 2. Ve b Gl
Tk R B R T RN IS B 5 2 AL 3 T g i
B, EAHCIZ RO RS, WCAZEE 1)
FRTT AT AP B A rp R TR BRI b s
MSERATS, EARTIREIANEGE . B
HFF 53 HH A 28 P ) s T Bkt A P
C 3 IR e HAZ RIS R R IE P AR R, 4R
M, X—BRE RN, Ak
HWANENThRE S B A NG R 1 DA,
NI TR B T4 H o A2 TG e
Y Meta /3 fr 4 B R, BEE LT
BT G A B HUE RIS S R AR
W, R kR E H A TSR

SCEE AR, E A
ATEE A 0 PG R A AT DA TS i A R
INFITHRE, 89T AR Y, AR
FARATAN T . A 4 PR 3 1 ) A R
AN K 32 3 B R AR AT 22 5%
e AT T BT 428 PR SR AR R S AR
VIS S N A TR - D N

B, PR T, MR 4 A Y
ERBCE N ThAE " P AR R
AU 52 22 PR R T LS i 4 A A S T
IREE, A0 JAN AR 2 e AE e VR A
A XN R FR I, A
TR O o 0 % fd w28 P ) A BRA AT B
W LR, S- ROk 2O
LI REE, A8 Al R 52 AR R I A
TV (AR DG DR FE I ML A s O
X T4 M0 SR I, A 2
JRHCRT M R LK B PR A TR X
SR N0 4o 22 SR b ), R A 0] 5% fh
ffeid e -

SCE SRR R R 2 R ORI T
X G A TR A T RE B SR A AR AR
F s SR A ARSEEAT WAL Hr, Xt
B 2 RO RIS BRI ROR . BERE
PR 5 28 P R ORI T AR TG T, A
AFOCHRIE 7 AN RN (4 8 R ek R
FSLREIGR ), RE R ZIE TR, s
HH B SCHRA A FH D

LEAE R IRRE: QA 16
J STk, 8 R SCHIESE,  THARIZREDE
W ERIAE S LI, BT EASME
FMOCAFAEZE S, X 25 BT REA M 5
@ P NN STHRAE BEAT I 5 I 10 B U7 4
by RBEXT T FUBCR AT A R G
TOINSTIRAWE T 75 %8 W seit, AR
Sy BCRE 5 B BRI AT B AR IR,
ARESBOSIE I EA L, XE5RINSHEN
IR BRI @R PR R bR 1WA
ok, AIRER 2RI TI.

R 20 PR R AT A R A e R
FINFDIRE UL Ll H W AR g RE ), B
U 22 RO A R Eh BE G s A T
P S . o T iRy et
ITERERBE VI D, SR AR TTRCR
2, HiF B2 N BV, SCELG®
ARt — PRI ARRATFC T L (A 2
ITBRRVEAY, HE— PR R SO,
20N B B2 P D W R S FH 38 B
EZCVRIRIER

Chinese Journal of Tissue Engineering Research | Vol 27 | No.20 | July 2023 | 3279



@77z

www.CJITER.com

PEERTIZHR

Chinese Journal of Tissue Engineering Research

ek LFkt. HBE > AIEE S
KA A F AR, AN F oA T4,
IEBTR,

FlEHZE: LF ML F 0, EiRA

USRS SRR ES T EIET T

FEHGREUAEER: X R — R AU F,
AR (Fo iRk F T Ha0)

“EH-AEH ki

R - AR 7 REF 407 F3k, ESEIA
T, AFMAAIER L B 49k TR
N5, RS R, B R AT PO
. T BN . AT k. B
gk, FAZEL R, AEKREGEA
IR R CIEATE R A IR,

RRAREELL : U mRAT &R AE A b S 30

BT LERAEE L,

HBRHIS: XERBETT (Rlrits

RENSHIREIEY (PRISMA B9 ). L& thin

Al &

23t E Wb R 2] 5 LAk R AT 3 R FE

F. AFZPPUTHF ERAFIEF, FATH
WAA L FH LT E.

4 =#E ik References

(1]

[2]

3]

[4]

[5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

VABALAITE B, PETRUSEVICIENE L, SAVICKAS R,

et al. Effects of high-frequency (HF) repetitive
transcranial magnetic stimulation (rTMS) on upper
extremity motor function in stroke patients: a
systematic review. Medicina (Kaunas, Lithuania).
2021;57(11):1215.

KHAKU AS, TADI P. Cerebrovascular Disease. 2021
Sep 29.//StatPearls [Internet]. Treasure Island (FL):
StatPearls Publishing. 2022.

YANG W, LIU TT, SONG XB, et al. Comparison of
different stimulation parameters of repetitive
transcranial magnetic stimulation for unilateral
spatial neglect in stroke patients. J Neurol Sci.
2015;359(1-2):219-225.

SUN JH, TAN L, YU JT. Post-stroke cognitive
impairment:epidemiology, mechanisms and
management. Ann Transl Med. 2014;2(8):80-95.
SNYDER HM, CORRIVEAU RA, CRAFTS, et al.
Vascular contributions to cognitive impairment
and dementia including Alzheimer’s disease.
Alzheimers Dement. 2015;11(6):710-717.
JOKINEN H, MELKAS S, YLIKOSKI R, et al. Post-
stroke cognitive impairment is common even
after successful clinical recovery. Eur J Neurol.
2015;22(9):1288-1294.

BRAE , 5%, P, 55 . S A ROR O 5
FENFHBRAG 1T TR L] O FRRRE kI 2021,
29(11):2002-2012.

ROSSI'S, HALLETT M, ROSSINI PM, et al. Safety,
ethical considerations, and application guidelines
for the use of transcranial magnetic stimulation in
clinical practice and research. Clin Neurophysiol.
2009;120(12):2008-2039.

LEFAUCHEUR JP, ANDRE-OBADIA N, ANTAL A, et
al. Evidence-based guidelines on the therapeutic
use of repetitive transcranial magnetic stimulation
(FTMS). Clin Neurophysiol. 2014;125(11):2150-2206.
AR 2 oy, RPN R 2 B I
MAEFFSUE A 1] PR E 1996,
29(6):60-61.

Ok, PRV, BARE, & AR SRR
LGOI ). AR e ,2017,12(6):
519-531.

CUMPSTON M, LI T, PAGE MJ, et al. Updated
guidance for trusted systematic reviews:a new
edition of the Cochrane handbook for systematic
reviews of interventions. Cochrane Database Syst
Rev. 2019;10:ED000142.

[13]

(14]

(15]

[16]

[17]

(18]

(19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

(31]

COCHRANE M, MITCHELL E, HOLLINGWORTH
W, et al. Cost-effectiveness of interventions
for chronic fatigue syndrome or myalgic
encephalomyelitis: a systematic review of
economic evaluations. Appl Health Econ Health
Policy. 2021;19(4):473-486.
ATKINS D, BEST D, BRISS PA, et al. Grading quality
of evidence and strength of recommendations.
BM!J (Clinical research ed). 2004;328(7454):1490.
FAHHE, PUERL, BRft, 45 . AN R 40 B 5 28
TG A OR 25 J5 S BRERS (RIS )], o e B
[ 5 g5 4k i ,2021,43(8):721-723.
B, BUR IR, S mAUS E R 22
PR RSO0 T R BB S8 A Th BE IO RE IR (0], o
PR R 2 5 A Lk ,2017,39(1):56-58.
T, B, SR, B A R
WO A b S DA N T B RS RS2 (], o [
HE2EIkE 2018,33(7):763-769.
DL, 06 FETEES MR AR WSS S E
ST PTG Hh I A R R RE R B
). P B o RS Ak 6 ,2019,41(4):279-282.
AU, ARTN , ¥, A5 HE A R o
I AR BT i 258 FEE U\ b1 Ty e B B (1) i 22 4 1k
WEFC 0] RS 36 55 9 ik ,2015,21(10):
1128-1132.
BRIER , F R, ST R, 45 . B A G
%o S 7 i e P A K ) il B g S (97 A ).
o [ e AL 156 2 44 36 ,2012,27(10):964-966.
Mge—, SEBIFK , SBRIE 55 . H G2 R
et N HRE S I GRIGTTIN 2 o 5 S PR 1
IR SR ()], AR LR 2 5 R %8 2019,
41(3):199-201.
KIM BR, KIM DY, CHUN MH, et al. Effect of
repetitive transcranial magnetic stimulation on
cognition and mood in stroke patients: a double-
blind, sham-controlled trial. Am J Phys Med
Rehabil. 2010;89(5):362-368.
PARKIS, YOON JG. The effect of computer-assisted
cognitive rehabilitation and repetitive transcranial
magnetic stimulation on cognitive function for
stroke patients. J Phys Ther Sci. 2015;27(3):773-776.
LI'Y, LUO H, YU Q, et al. Cerebral functional
manipulation of repetitive transcranial magnetic
stimulation in cognitive impairment patients after
stroke:an fMRI study. Front Neurol. 2020;11:977.
TR, TR . PRI I RE SR J D\
TFAIT R0 C S JSLH AN 2T 2k 2 13 D RS2 ().
A RO I I 4595 4% 35 ,2013,15(6):614-616.
DU DQ, WU YB. Living ability and cognitive
function ameliorated by low frequency repetitive
transcranial magnetic stimulation in patients with
post-stroke depression: comparison with drug
plus psychological treatment. Chin J Clin Rehabil.
2005;16:22-23.
ASKIN A, TOSUN A, DEMIRDAL US. Effects
of low-frequency repetitive transcranial
magnetic stimulation on upper extremity motor
recovery and functional outcomes in chronic
stroke patients: a randomized controlled trial.
Somatosens Mot Res. 2017;34(2):102-107.
LIUY, YIN M, LUO J, et al. Effects of transcranial
magnetic stimulation on the performance of the
activities of daily living and attention function after
stroke: a randomized controlled trial. Clin Rehabil.
2020;34(12):1465-1473.
LI H, MA J, ZHANG J, et al. Repetitive transcranial
magnetic stimulation (rTMS) modulates
thyroid hormones level and cognition in the
recovery stage of stroke patients with cognitive
dysfunction. Med Sci Monit. 2021;27:€931914.
LU H, ZHANG T, WEN M, et al. Impact of repetitive
transcranial magnetic stimulation on post-stroke
dysmnesia and the role of BDNF Val66Met SNP.
Med Sci Monit. 2015;21:761-768.
P, PRl , BREH, % SRR SR
FACAFE AR IR TE D). b OB BAE
Jk i ,1989,3(4):148-151,147-191.

3280 | PEHERTIEHER | 552748 | 55208 | 2023F7H

[33]

[34]

35

[36]

[37]

[38]

[40]

[41]

[42]

[43]

[44]

[46]

(48]

[49]

[50]

[51]

FOLSTEIN MF, FOLSTEIN SE, MCHUGH PR. “Mini-
mental state”: a practical method for grading
the cognitive state of patients for the clinician. J
Psychiatr Res. 1975;12(3):189-198.
VNG, B, PR, 55 T B R RS MOIR A A
AER WV U], hEREEESRE,
2016,31(6):694-696,706.
MR, XRS5 SRR
PR (SRR ) TR 0 5 T i AE
JERVBUEZRTFE D). 75 FFhe /R &2 Be 24k 2012,
33(11):1424-1426.
SR, ESIE, IR ERR , &5 AR LA A
PREITVEXS I 26 v B P4 L 2B H A
TE BN AR Meta 4047 (). o B RS HE G S 5,
2021,27(5):530-541.
RUSHBY JA, BARRY RJ, JOHNSTONE SS. Event-
related potential correlates of serial-position
effects during an elaborative memory test. Int J
Psychophysiol. 2002;46(1):13-27.
DEJANOVIC M, IVETIC V, NESTOROVIC Y, et al.
The role of P300 event-related potentials in the
cognitive recovery after the stroke. Acta Neurol
Belg. 2015;115(4):589-595.
HOOGENDAM JM, RAMAKERS GM, DI LAZZARO
V. Physiology of repetitive transcranial magnetic
stimulation of the human brain. Brain Stimul.
2010;3(2):95-118.
VILBERG KL, RUGG MD. Memory retrieval and
the parietal cortex: a review of evidence from
a dual-process perspective. Neuropsychologia.
2008;46(7):1787-1799.
POLICH J. Clinical application of the P300 event-
related brain potential. Phys Med Rehabil Clin N
Am. 2004;15(1):133-161.
KAEE, METTEC, BR/NTE . 22 PRE A O ik B
IR BT ek A0 ) % 25 44 ) i (0] o
A FR P A 5 A 2k 7 ,2005,27(12):707-710.
R, BIERE , T4F . EE L MERIEIRT
WNEI DD REBRAS FIF FTRE I D). RSS2 &
2011,24(2):145-147.
RACHID F. Repetitive transcranial magnetic
stimulation and treatment-emergent mania and
hypomania: a review of the literature. J Psychiatr
Pract. 2017;23(2):150-159.
PECUCH PW, EVERS S, FOLKERTS HW, et al. The
cerebral hemodynamics of repetitive transcranial
magnetic stimulation. Eur Arch Psychiatry Clin
Neurosci. 2000;250(6):320-324.
LIU M, BAO G, BAI L, et al. The role of repetitive
transcranial magnetic stimulation in the treatment
of cognitive impairment in stroke patients: a
systematic review and meta-analysis. Sci Prog.
2021;104(2):368504211004266.
YUE L, XIAO-LIN H, TAO S. The effects of chronic
repetitive transcranial magnetic stimulation on
glutamate and gamma-aminobutyric acid in rat
brain. Brain Res. 2009;1260:94-99.
AYDIN-ABIDIN S, TRIPPE J, FUNKE K, et al. High-
and low-frequency repetitive transcranial
magnetic stimulation differentially activates c-Fos
and zif268 protein expression in the rat brain. Exp
Brain Res. 2008;188(2):249-261.
TENG Z, DONG Y, ZHANG D, et al. Cerebral
small vessel disease and post-stroke cognitive
impairment. Int J Neurosci. 2017;127(9):824-830.
IHLE-HANSEN H, HAGBERG G, FURE B, et al.
Association between total-Tau and brain atrophy
one year after first-ever stroke. BMC Neurol.
2017;17(1):107.
LIM JS, KWON HM, LEE YS. Effect of cholinergic
pathway disruption on cortical and subcortical
volumes in subcortical vascular cognitive
impairment. Eur J Neurol. 2020;27(1):210-212.
CAO M, LI X. Effectiveness of modified constraint-
induced movement therapy for upper limb
function intervention following stroke: a brief
review. Sports Med Health Sci. 2021;3(3):134-137.
( PifEgmEE: W, ZN, ZJP)



