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Transcranial magnetic stimulation combined with hyperbaric oxygen therapy for patients with cerebral
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[ Abstract] Objective To study the effects of repetitive transcranial magnetic stimulation (rTMS) combined
with hyperbaric oxygen (HBO) therapy on the recovery of neurological functional after cerebral infarction, and to dis-
cuss its possible mechanism. Methods Forty-five patients with cerebral infarction were randomly divided into a
control group, an rTMS group and an rTMS plus HBO group, each group with 15 patients. The patients in the two
treatment groups received 1 Hz rTMS to inhibit the unaffected hemisphere and 3 Hz rTMS to stimulate the affected
hemisphere. One of the treatment groups also received HBO therapy, 14 daily sessions. The National Institutes of
Health stroke scale ( NIHSS) and the Barthel index ( BI) were evaluated on the 1st, 14th and 30th day of treatment.
Results The neurological function scores of those in the rTMS group and the rTMS & HBO group improved signifi-
cantly. On the 1st and 14th day, no significant difference in NIHSS or BI scores was observed among the three
groups, but by the 30th day the average neurological functional score in the rTMS & HBO group had improved signifi-
cantly compared with the control group. The rTMS plus HBO group showed significantly better improvement than the
rTMS group in terms of BI scores, but no significant difference in average NIHSS and BI scores was observed between
the r'TMS group and the control group. Fifteen days after the treatments had finished, the follow up results showed the
improvements of the patients in the rTMS plus HBO group were significantly better than those in the other groups.
Conclusion For patients with cerebral infarction, r'TMS combined with HBO therapy can improve neurological func-
tion more significantly than rTMS therapy alone.

[Key words]  Repetitive transcranial magnetic stimulation;  Hyperbaric oxygen;  Cerebral infarction;

Neurological function; Rehabilitation

RS AE S A 1 50 B i DL Y 2 5 i NIRRT RERR G B R R Bk R R
MBI T0% A7EE 1 50% ~70% FEEBEA  SLReE ARG L ES7 LD 0] R

ZEREA AR T U A TAH , INEEAE R B )

DOI:10. 3760/ cma. j. issn. 0254-1424.2013. 03. 009 ﬁgé@%ﬁ%uﬁ%%gi E/‘JXEBLE , B Eﬁ l‘éﬁ ﬂzq:%,ﬂl E/‘J

VEE B01:510282 7N, BT BERL QA BR VLS BE e & B2 24
WEES . EEE , Email ; drhuang66 @ gmail. com

IR IQRES



. 194 . A R B S A

2352013 43 A5 35 %55 3 4] Chin J Phys Med Rehabil, March 2013, Vol.35, No.3

W& FRAIATT HOR (1 K Je , J 52 28 P il UK (e
petitive transcranial magnetic stimulation, rTMS) J7 %%
P, AL 2 w2 B A I 5 i v 48 (hyperbaric
oxygen, HBO)AYFMIETER T 1 A KR FREE i
WA UIRYT Tk . ARBIFFER AT *TMS BK& HBO 1R77
AEAE 8 15 1], JUAS 1l Sy A% B I

ARETE

— TR

PIAFRUE S5 6 1995 44 [E 55 4 Ja i 145 5 24 AR
S I A A% 2 I A R 2 T Y 48k i
CT 5% MRI K 477 B A A9 B R AR AR kL 320 i ik &
VEMIBRAESE 8 4 R T A8 <3 N H s AT BRIt
ez bl ; A B MIERE S,

HEBRARE < i il 2o B PN s 5 A O T AR
FHAS A BR B AR N A JE AT 5 A U sl 4K
TR A R AN A A AT AE 5 7 E Sk 5 T L
JT JEE A 20 5 R 2o Ab P A S M IR &2 Kk
B M e R 47 5 2 1R AR 45 4% I i i it
LIS P el P s 2 i B4l L S
RERCAYRYT

YEHL 2012 4F 3 H 2 2012 4F 9 H 7 ER R 2k
TTEEBESIE AT A LR A e br v G i B 50 58 2 45 1],
FEREHLE T3 2 o BEZ ' TMS 4L RN &5 &4, 4l
15 6, 3 UBEAEPER AR e 4 Hp g B R R
G AN, Z R HG I FEE L (P>0.05) , H
AATHeME, TR 1,

— IR

X B ZFAR AR 99 17 R B AL 25 W X HRE V3T S R
TBY7 . ZIWIRYT ELFG A PUBE L Ui/ R IR
VRIRE (BEME R A BREVRIT L AR e AR 255 U1 25
LA LR EE R HTERIRIT TR AR AR, TMS A
TEXT HRAIRTT J7 R 3EA L3 «TMS 3897, 28 B 4 TE
XFHRAL AT T ZE Ry JEA 9 v TMS B4 HBO R77

YTMS V877 : % YRDCCY- T B4 R A ( A
B /N T AR ) FUELAR S 125 mm (49 5 JF ) 4 46 e ik
A E TR R 3 T, E B B A EMY , 28
OB T 90z sh B i X (M1 X)) |, 2k B 18 5 3k i A
Yl JRI7 LT, FH B K b R = O g M1 X 3%
SRR 10 W, /0 5 Uk E IR LA 2 0 4 1

Wk R A 2 R T B A L TMS & — PR R
A TCIR JC B BIR T I i, vl LA ) R 12 J5% 114 2%
/NI T8 o R , B Nz oh B E ( motor threshold, MT,
— AR 3 WA 5 Y 20% ~ 40% ) . GBI T HE )G,
ST A SR P AR AR 1 Ha, i) 340558 5 R 90% MIT, il 3%
5 s, 8K s, 855 4k, 100 M550, 48 500 4~
Jok i, 10 min ; P57 R i >R FH & 000 3 He, 03400 B2
80% MT, 34 2 s, &4 s, BA)F5] 6 A fknp, 100 4~
F3, 4 600 A kb, 10 min, & H 1 WK, B kLt
20 min,JTFE 14 d,

W EEIRYT R A 72 YC3200/0. 328V 1T Y I
FZ AR . B AN 5 B A7 sl AT M7 47 1 22
WA, RN 99. 9% | BENIARYTY 1o 0.2 MPa, s
NN NN ERSTE] 15 min, B2 E] 60 min , 2208 Ja 1)
[8] 15 min, ARG EETE] 90 min, JIJE 10 min J5 4R
40, J80E 10 min J5 45 IR, HRIRURL 5 min (FFIE A
233 AR A RFE] 70 min, H 1R JTFFE14 d,

= PR

3 AR TIRITHI I6IT 14 d R GRYTR) R
SR )E 15 d(BEVI) R SEE E 7 DAV R A
%% ( National Institute of Health Stroke Scale, NIHSS)
1 H H A 1E TG 3 RE 15 2% ( Barthel index , BI) M HEA TG
PRARZE D REAN H H A 16 16 S BE J1 174, NIHSS 153K
fIG BL PE5 0, 2278 i 28 ) RE k0 R BE B L YR 97 AL
T, MAIBETFE H— 0 L R E BRI 7R H
WA T HATIESY, LT TSRV R 3, ISR DR 72
[ SR AR B TEIR YT it R A AN R SR

VS0 e 22 i

K H SPSS 13. 0 IR Geit- 4k 4347 A, i H %
BHLL(x £5) Fm, THECTE R AR, 2 DR i
FLA HLECR R x C RTTRY o K, 41N FuissR A
BOXTREA ¢ K56, 21 0] EL 48R ) Fisher J7 229387 (7 25
FriF) 8 Welch 3T {RUJr 22508 ( J7 Z2AN550T) |, £ 41395
[ Y 22 8 L 5ok ) LSD 25 (U7 225504 ) 5% Dunnett’s T3
B FEARFR) . P<0.05INNERAH G55 X,

# R

TRITHT,3 4 5 1 NIHSS 1F4» F1 BI 14y, 21 8]
LS TG E X (P >0.05) ., G753 HBHm
NIHSS PE5% i B AR , BT P40 32 B 14 =5, ' TMS 21 25

R1 3 AUBHERITORHLEN(R +5)

gu g TEACBD AR i FOLE(H]) mBE (B B (O WIABD) (B OB
B & (Faxxs) (daxs) kA kA kA kA kA&
X IR 2 15 9 6 63.87+15.72 19.53 +£16.94 10 5 0 15 5 10 4 11 2 13 1 14
TMS 24 15 8 7  63.53+10.88 31.60 +£27.52 10 5 2 13 3 12 6 9 1 14 2 13
Lihd 15 10 5 59.53+£12.06 29.80+37.93 9 6 2 13 5 10 5 10 1 14 2 13




A B S A 5 EE 2k 2013 4 3 158 35 4555 3 1

Chin J Phys Med Rehabil, March 2013, Vol. 35, No.3 + 195 -

G 2 WP SHMIBITHT LR, ZR AR
X(P<0.05),

BEVT , ' TMS 40 FNZE & 410 2 W4 5 4 iR IT
AT, 22 RN Gt X (P <0.05) . BV, 25
A 4R NIHSS 50 F1 BL 43505 R (5. 87 +2.77) 4
MI1(72.33 £14.74) 7, 5 AR 79 (8.53 £3.09)
SPHI(55. 67 £18.89) 4 L, ZR B A GIT¥E X
(P <0.05) ; HFViRT, 285 41/ BT PF45 rTMS 4[]
A IE] A b, Z R IR A St B X (P <0.05), UL
%2,

F2 3 4IBFEVRITHI S NIHSS Hl BL T4 L

R ED)

20 5] 1%k NIHSS $£53 BI W43
papiiskicl

JRITHI 15 9.20 +3.41 52.00 £19.53

BRI 15 8.93£2.92 53.33 +17.59

Fiti e 15 8.53 £3.09* 55.67 £18.89"
TMS 2H

JRITHI 15 9.73 +3.73 46.00 +11.37

bEtid = 15 8.93 +3.43° 49.67 £10.77*

Fifi 15 s 15 7.53 +2.80" 56.00 +10. 04
L

JRITHI 15 10.13 £4.67 45.00 +18.71

bEtid e 15 8.87 +4.10° 53.00 £18.11°

Fiti L et 15 5.87 +2.77" 72.33 £ 14.74*

TE: SALIRYT AT HLEL, P < 0.05; H 254 4L R B ) s L 58, PP <

0.05

i e 45 1 IK A AL R 1R H B4k A Ml
L TGO S5 H AN RSO, e S TMS SN A 2 ] A
IR HYGRIT A RS AE RIS K ok, 4 1]
REAEATH — U TR ARGR ST I H B AR A P, IR S
JE IR, YR JCANIE o

it

2% Jil 1 M) $4 ( transcranial magnetic stimulation,
TMS) HoASE— M A K b i 7V HI T A M 22 R 48
(EBIE R ) , e pe B ph 2 A M Y e 7, il =2 7 A
SRRV FL AL, 52 W i A ARSI o 28 H 35 5l DT 5 [ 72— R
B AR A AL SO B BR o ' TMS S22 73— 7 1Y B
Rz 45T B A2 A i B . (TMS 7E M 28 T8 1A I
S T LRI, By LARE S A B 22 KF-J7 [l A A 200, 8
TR B T A T 52 W 08 Jm S R JC ol  Jo g o
Z2IIRE , SR ST R X I A A, U BT AR AL
o7 SR B RS RO g L AR AR
RO TR0 ) R 1 S — Bt ]

TEF LA > 2K K 5 h REAL T — Fift P bR
A U AT A P17 | 2 B~ 2R 1] B4 1B 46
YR 21 4 1) A T Bip 1) B AR LA A A, JHG rp R i 2 3k

V) B R EL I FH SRR A 2 DE AR I VR FH A 2 v
S, R 1R (B AH EC A0 4 4 FH 2 25517, R8I R i~ Bk
T8 ) 0] A i 2 3ok %) o EE AR, A A STIESE 1 He 7]
RAARG A 0] R B Jo 1) % 2, 3 Hz A 45 o S ) A i e
R ATELY S PR, AT 1 Haz 30 38 fd ) K, 5
HH R R O A A AR e ) A i > 3k %) 2 A e, ik
X R R R BR A i 5 [R1 s 3 Hz 30 35 28 A0 A ki
EBR, 51 H A I RE I AR AR | A1 1 SR AN I e 1
T 5 fk D BE XG5 S b 228 FR I T I B 1, AR 1A 22 1)
BBV o NTE RV AT o84 (e ) A i 2 R 0 S FH vy A
il 8-S pN T 8o S ES A P N S )7 SN o (ST R i 5 v
AR, AR SE T2 BRI A e 4 BE9E 7, i FLEE A
JPRAEIRIT G 3 A A RRAFAE™  ARWFFEAE L, L7
WINFE ST, 0 1 Ha J00 ) (00 A e Jo A 2% A
ISR FH 3 Haz 800 R R ARG B I () 24 2 1, DA ke 3k
FI WO A 2= BR A4 2425 RN S, 3RYT IS, TMS 41
FZEA 2] NIHSS PE B iR AIK  BL P22 i i (P <
0.05), ¥ BB b AR (P>0.05), H LAl 0L,
YTMS A] B 5 2 3 46 v 5 b 22 D e e i

M T rTMS BA TR o BRE R L anE%
e EAEK v TMS B FlGE A e iz sh i) 2k
TENY AR R R PR e A T, L
SRR ORR RS HEOR S A VRITEAR  rTMS X
XA 28 32 40 T T SR 1Y) 25 R A B RE IR 35 0 | AR
H RTAILH] A B, (5 2 B IG RFR EBLW 2,

HBO J&IT7 e d8 BB TE & T— D KRR EREE th
W AR SCRTRYT i o SR SR S S A A 4 R 7 A 4G
D SO A RE R HERE A, 5 | A 2R r B M AR
R IBE S, $E 2 & A AR Al O s i 7, ML
PARALF HBO B, il 46 P 480 43 s 00 0 40 4 G S 34 i
ISR BRI R IO 2 398 fof 15 i 2L 2 4t 4 14
T A A 2 B s AECR S AR A SR AR, A R T i
EWE M AICRIRE . A, BRI ET, IEH A Ik
a5 TR I3 2 9L | (LR Je 2 0 A ot A %o v e 4R R
25 WO KRSV ML gk, B b DX i 3 0 3
PRI AR R s . HBO i Al 48 25 i 5 X 3 484k
VI AL AT Na®, K*-ATP B35 PE | fnses 28 41
b AL AT B A S A BE Va2 ik 2H 29 B i B
AU V1R TR S 403 05 5 AR AU A 5 s 30 2 P Dk 2 i K
Fr 0T s S AR T DR SR T A

H A sb At/ B Sl 1, HBO 2 IR & 0% i 92 i
LA E DT R AT Ay N Te kY, SR,
FWFFE KRB, HBO 1R TT HIRUER AL 5 ¥4 Y7 (1) Bt [] 6 il
JrREAHSENS T EL 4l B HBO 3697 2 b e #2220
REBLR T AN BE Ik B e - BOIRTT R . ARBF5E R B, B
Vil , 256 4 AT A 44 T X6 BE 4[] B ] 250 4, HL



- 196 - FRAE Y PSS SRR 4K 2013 4E 3 4535 555 3 ) Chin J Phys Med Rehabil, March 2013, Vol. 35, No.3

BI #8204 T +TMS éﬂ( P<0.05), 16 BH rTMS BX4 HBO on motor recovery in patients after subacute stroke. J Rehabil Med,
RIPATHEE I ARSI WA R (Y, oy 2o Tsiaos
e y v S venanti A, Coccia M, Ladavas E, et al. Low-frequency r’ pro-
3 I R Y B AR TR T ShBE oo et i ehromie stk o
N N R oo Iy motes use-dependent motor plasticity in chronic stroke: a randomize
ZE TR ' TMS BT AR 5 S0 A 22 K 19 2% 1y Al trial. Neurology, 2012, 78 ; 256-264.
ﬁﬂﬁ%ﬂilzf% H HBO ?ﬁﬁﬂu%?}ﬁﬂl—ﬁémﬁﬁ s ﬁ?ﬁ]?% JIET:HIJXT?EH [10] Hsu WY, Cheng CH, Liao KK, et al. Effects of repetitive transcranial
Jijof E@]j]ﬁ%ﬁgo :ﬁ%g%ﬂi%ﬂm*ﬁ%ﬁﬁﬁ ZIhe I}% e magnetic stimulation on motor functions in patients with stroke : a meta-
E@ﬁg&ﬂﬁﬁuﬁ% )IQJ_ — %@é%ﬁgﬁﬁ’ﬂlﬂﬁﬁi B %‘E/‘J analysis. Stroke, 2012, 43, 1849-1857.
9 Vo— [== BRlAN)
R S 1 o — [11] Allendorfer JB, Storrs JM, Szaflarski JP. Changes in white matter in-
P DI REBRA , AT 8 BOR MR SE R, i i iz ol excitatore TS , fe aohasin. R
. At L - Hﬂ e N o tegrity tollow excitatory rI'MS treatment ot post-stroke aphasia. hestor
BIIHEWAL , e A T TR i 2 4 T EE | ARG Neurol Neurosci, 2012, 30; 103-113.
Pt B (R IR RIS [12] XUMe, 22 EGUSUTT AL 2 A RI B3 77 R0 o A0 0 1 B
E BRI BEB R B AR R AR 2 R O TAE A R SPRONER. AR R A S RRA 2Rk, 2010, 32: 513-515.
STAIFRFSE B S 4 [13] Ohn SH, Chang WH, Park CH, et al. Neural correlates of the antino-
ciceptive effects of repetitive transcranial magnetic stimulation on cen-
& % X tral pain after stroke. Neurorehabil Neural Repair, 2012, 26 344-

352.

(1] B Mgz, doat. ARIAEH R, 2008:171-175.
[14] Verin E, Leroi AM. Poststroke dysphagia rehabilitation by repetitive

[2] Hallett M. Transcranial magnetic stimulation:a primer. Neuron,2007,
55:187-199.

[3] hipphgeRlasss | e AR S5, & S I 2w 12 W2 ol
st 2 Bl 1996, 29 379-380.

[4] Bt Xz, sk, % sl PEmEs i HIvAG R R XL
o . hEeRHEY:, 2011, 14 4018-4021.

[5] Lefaucheur JP. Stroke recovery can be enhanced by using repetitive

transcranial magnetic stimulation; a noncontrolled pilot study. Dyspha-
gia, 2009, 24 204-210.

[15] Mrsic-Pelcic J, Pelcic G, Vitezic D, et al. Hyperbaric oxygen treat-
ment: the influence on the hippocampal superoxide dismutase and
Na* ,K*-ATPase activities in global cerebral ischemia-exposed rats.
Neurochem Int, 2004, 44 . 585-594.

16] Velike R, Siebing DA, Sun L, et al. H baric duces
transcranial magnetic stimulation ( rTMS). Neurophysiol Clin, 2006, [16] Veltkamp R, Siecbing DA, Sun L, et al. Hyperbaric oxygen reduces

36. 105-115.

[6] Khedr EM, Abdel-Fadeil MR, Farghali A, et al. Role of 1 and 3 Hz
repetitive transcranial magnetic stimulation on motor function recovery
after acute ischaemic stroke. Eur J Neurol, 2009, 16 1323-1330.

[7] Emara TH, Moustafa RR, Elnahas NM, et al. Repetitive transcranial

blood-brain barrier damage and edema after transient focal cerebral is-
chemia. Stroke, 2005, 36 1679-1683.
[17] Zhang Q, Chang Q, Cox RA, et al. Hyperbaric oxygen attenuates ap-
optosis and decreases inflammation in an ischemic wound model. J In-
vest Dermatol, 2008, 28 . 2102-2112.
(18] EMRLr, #ALAE, 3BBY, &5, IR H] 6 Ko y7 B 04 e F SV 7 4F
AMERFESEIEN. PR, 2011, 40: 3140-3142.
(1151 H 181:2013-01-02)
(AR SC i - Bt )

magnetic stimulation at 1Hz and SHz produces sustained improvement
in motor function and disability after ischaemic stroke. Eur J Neurol,
2010, 17 1203-1209.

[8] Chang W H, Kim Y H, Bang O Y, et al. Long-term effects of rTMS

NP SNE
Alberta 2 )LiZshEFR R & &L FH T sl vt
B Peabody % & & 5 Tl 7 5[ & &0

BRI . DAlberta 22 )Liz SR IN& K Alberta K 2% Martha Piper F1 Johanna Darrah B, 7 FSPEAS 0 ~ 18 4~ H 14
BILZh R BRHEN., SUALHEH AT ERLK, Alberta 2 L1z 3l i 3 0 14 E X2 LAYIE 2h 5 i PRA , B It n] 4058 1R s
R EANRASGE S R 19 EL S A LRI O oy T O R EN TR S EE QUL R G B R EHIE
KRB 5 R M ZRANE g2 2] BRI 5 46 S DR ) L0 1 T BRI R R B2 a5 5 U2 R 399 12 T A G T ) A
A L RIS T A s, 35 VIR 3= R0 A 2 AT B 0 S 2 R 2, S5 IR S B R I PR S e s s P e . 23R
AT Bl FIRY7 I 20 RS P AR YT RO , 5 Bl 14 = R A B I PR ST 4k Re ) B REC g, B VN BERS [A] . Peabody 5l
PE2013 46 H 10 H ~13 H (9 HIRF]) ; Alberta IEYINPE 2013 4E 14 H ~16 H (13 HRE)) . F 2. AT 2843918 1000 JC
(B REBRYEX) . SIW AR UIPEE A3 E R RS F #aiE, FAI WA s S —<H, HHAaH, War
KAEF 2013 45 6 H 1 H R4 0R 3 Z AU TR — B Be R R (B4R 100034) £, 3 F FRB R R £57 : wangeuibill@
sina. com , 7] HLIHI 22 1 13811093176, #4144 7 i S S BERY 2 F% .

ERERAFE—ERK
2013 3 A



	193.pdf
	194.pdf
	195.pdf
	196.pdf

