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Abstract

Objective: To investigate the effects of repetitive transcranial magnetic stimulation (rTMS) com-
bined with lactulose on bowel function, quality of life, and their impact on gut microbiota and its
metabolites in patients with post-stroke constipation. Methods: Sixty patients with post-stroke con-
stipation were randomly assigned to either the rTMS group or the sham rTMS group, with 30 patients
in each group. Both groups received oral lactulose solution. Additionally, the rTMS group underwent
active rTMS treatment, while the sham rTMS group received sham stimulation using the reverse
side of a circular coil for a total treatment duration of 14 days. Complete spontaneous bowel move-
ments (CSBMs), spontaneous bowel movements (SBMs), Cleveland Clinic Score (CCS), and Patient As-
sessment of Constipation Quality of Life (PAC-QOL) questionnaire scores were compared before and
after treatment. Gut microbiota and fecal short-chain fatty acids (SCFAs) content were measured. A
follow-up was conducted 4 weeks after the end of treatment to record recurrence rates in effectively
treated patients. Results: After treatment, both groups showed significant increases in CSBMs, SBMs,
and SCFAs content, and significant decreases in CCS and PAC-QOL scores compared to pre-treatment
levels (P < 0.05). The improvements in all these indicators were significantly greater in the rTMS
group than in the sham rTMS group (P < 0.05). The rTMS group demonstrated a more significant
increase in beneficial bacteria (Bifidobacterium, Lactobacillus) and a more significant reduction in
harmful bacteria (Escherichia coli, Enterococcus) compared to the sham rTMS group (P < 0.05). The
total effective rate was significantly higher in the rTMS group (89.66%) than in the sham rTMS group
(71.43%), while the recurrence rate was significantly lower in the rTMS group (26.92%) than in the
sham rTMS group (60.00%) (P < 0.05). Conclusion: The combination of repetitive transcranial mag-
netic stimulation and lactulose effectively improves bowel function and quality of life in patients with
post-stroke constipation, and helps reduce the risk of recurrence.
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o 27 e 2 H R Rl B RS FAE T AR I IR, 2024 4 b [ 2R TR e s 1R o, KA
HAE RS AR AL S R AR B B HE S, RIAR s R R R B AR e A A i TR AL B e AL 1] A e
{EFh(Post-stroke constipation, PSC)/& 25 HH Ji5 (1) o WA ARE, B THELERRRG . 7352 R KHIEMNARSEH &,
RAZETIR 30~60% [2] [3]. IGRFRINNGIH . MENK, 3ER 2R A ™ =G A S . DR, PSCiE
R EIAR. AR ERTIES TR R, AMU™ERERE AR E, PR eKREHE, i
7R UTE YT 4 [4].
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HAT, #FXF PSC il RS B M B Z ARviE )7 58, HORIT RIS A S T OhRe B i IR B G 24
VI EE FVE A EBREEEEII SR 2B 02 R SR G SZ RN S 2 MR . AR, IR
ZNIRTT AT REAERE — RPN RN, QAR 3L WAGEREIRCEO . I8Y5 . IE). ks, S BUR N,
FE A VA RGN R[5 ] A HAAE A ] B 5 35UE A HEE ST = AR AR I, S Rk AR . FLIR
PEAE N — P EB B VS 24, 2 B UM A SR A B — b . AN, I InBE /R A LA R
EAVREHEE . BbAh, ARSI FL A0S vT 4 o s B, R A R R SR A LR, AT B I3 pH
B, #—DIRpiEs). SR, FURBRRAERANEREHE P K22t R, CRONIRIRIATT
PSC 7 H I IRZ54[6] -

4 28 UG R B (repetitive Transcranial Magnetic Stimulation, rTMS) 2 8 i #3775 K s N FL Ik
W KIS AE N EROR . 2 B SRRIZEERE ). 8%, Sk AUk TMS H TR &= K
Difg, M rTMS B 1E 5 IS BRIEOH 2 5 W RIS 2 AR o K06 175 20 18 28 A R T B X 3 %
P, DA 5 B AR o rTMS 1] 5| S K Ao 328 v [X 38 1 4028, HLr B AT v TMS. 00 K o i 48 e v 12k
A ' TMS JRIER I 22 e % A . HAT, rTMS CHOAIA H EE AL, FEIE . 123 DI RefRG S . K
FRIERIE A BORTT TB SO BRZ IR TT 2 AH K B I AR I RS T 7]

BT, ARWFFOE T E S A RO S AL PEXT PSC AR E HEEThRe . AEVE L E . Wi B R
AP0, DUAZIR & T7 R IR SR AT B 2K

2. AREFZE
2.1. —iEER

IO SRR H 2022 45 4 H & 2023 4F 10 A A 02 T BRIL B2 K558 B EE R it PSC &
F, it 60 Bl RABENLE TR B E N 1 TMS H 5 (TMS 41, &4 30 §l. RS b
=K ZBift[2024] K304 5. BFFCIANE, rTMS 4 1 )8 R is B m i ds, R rTMS 2 2 4] &
R B AT R A 5P 5 a7 P T B B . I RN NI AL R 3 ' TMS 41 29 i, i rTMS 4H 28 fil.
PRALTEE R . SRR R R AP R 2 — Rl |, Z RISt & (P >0.05), AAFAHME, I
£ 1,

Table 1. Baseline characteristics of the two groups

F 1. RERRFERIEER

. 451/ ZE 2 /5]
2H 5 Gk RS % e/ A - -
5 8 A T i L i
rTMS 4 29 19 10 62.00 + 7.40 71.03 £24.18 20 9
1B rTMS 2. 28 17 11 65.54+7.14 66.07 +23.33 18 10

2.2. SRR

A iz Wrbr . SR (&R ME RS W 5D [8]Hh 58 Tl 26 Hh B2 b v«
ERR 2 WibrdE: 28 Rome IVIZIIbRE[ O] {E AL 12 bR .

2.3. ANKFHE

(1) Fér BRI
(2) A IRIETAR, AT AYRYT
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(3) HFHETE 35~80 % 2 [i];
(4) LRI AT E R 5 s
(5) HIBIMAARH

2.4. HERARE

(1) HEEMARERS . RORBERS B0 KIRE IS IE S I

(2) FEBHME L e B EL At ™ AL O ) R

(3) FREBRAFAEN I, ToVETEBIRTT # s

(4) BAEERR GG T BIiRe A4, WPRGENE, CBYEMOR, REMRRISAE), 29 TEIEE
JRAR K A FE 5

(5) WA LI s

(6) IEZ I EImR K E ;

2.5. BIRRFRE

(1) NARFE 9 NRAETT RN B 1]
(2) RIEEMERIT
(3) B EA REA RIS K 6] .

2.6. BivEdnE

(1) 3 Lo R A A R R AR S
(2) 67T I1A] S 17 3 18] 2K V5 R0 461 5
(3) KRAETFEARKMEIFRAE, A B kS0 7 T 1R A 1.

3. BT A&
3.1. ERiaTT

PR 4 T FURNE IR, B 20 ml, BFH 1K, FEIRA 14 H
3.2.rTMS A

FE R 2L D IR R 25 Al B 45 fTMS VB9T: (ELEETIEIAE T, B FENTRITIR b,
SRARTECRR W Sk B DR R 1 5 ANBl, TR B 2 o Ao 2 ) L v JE o i a7 AR B0 K - Bz Zh T X (M

[X), ZRFEFIi SR S AT, e ESEIRERMT). T 5 Hz. 5N 80% MT. T[] 2
b ERAIERAESE] 5 FD, RBKPRRIECEL 1200 KON —IRIETT, BEH 1R, EERIT 6 HIKE—H, G714
H.

3.3. R rTMS 42

TE AR FL SR O AR R A 24 o S A R P (R 28 Pl T it ARG T, &R H 1 IR, SR IT 6 H
RE 1 H, 697 14 H.

4. MERIEFR
4.1. SE2BEH{EX B (Complete Spontaneous Bowel Movements, CSBMs)
THITHT . ES S AR AR 82 H R R B FHHE R SR
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4.2. BEHE X (Spontaneous Bowel Movements, SBMs)

TRITHT . JEgiit BE ARATEME 2 . FIKABSME RSO T B EAME R R, s
CSBMs.

4.3. (ERIGKITESEFR(Cleveland Clinic Score, CCS)
TR AT JE o A HEE AR . HEE 2R R ECSEEIR AT A BT, AR AR A N 0 4 1 A
295 350 4 (AR HME S H O 3 HEar).
4.4. EREEETEREER (Patient Assessment of Constipation Quality of Life, PAC-QOL)
FERMNEFOI AT AR IR SO 4 A7 T PR R SR S o X EE PR ALIR TR
J& B BEVTAGRTT 45K 4 J 5 ) IR A 3 T B AR 7 A A
4.5. FEEHCHRIREN

STRITET 69T RS S LR B ARHEE R R AR (T BY), B T80 CUKFHIRAT . WiE R
FERTI . X S AR AHEAT S (20 1 JE K 2H DNA . d i SEit 98 68 & PCR H0R, /b FE M FE AR A 3L
WOFB . ALBRAT IR . KT T A B 3R A PR R DN 4 DL, e 45 IR DL “ A9 e 368 v B bR 2 181 1) R DR % D13
(I £ (log10 copies/g) " 7n o« K S AH B - 5 RE K £ AR (GC-MS) A AH 5% 5 8% i 17 % (short-chain fatty
acids, SCFAs) & & .

5. ST R E X IFRTMN
5.1. FTROTNERE

(D) WARZEE . ARIEATE A, (2) B4 MEREeE, HE ARG L 28R BB s, SO T
72 /NP ATHEE,  H CCS A EAE>2/3: (3) BRC SEIRIFE:, FEAIRR4as 1 RekFem ok, H CcS
A BEAE>1/3 (AL 2/35 (4) TR SEIR K CCS AL B E . SR =[(RKEZ + B3 +
BHROENE] x 100%.
52. EXER

TEVRIT 45 4 F Ja w2 B3 vhia 7 B R AT IV, RO SL €CS &R BATIE Sy . MW EIRYT
JaE RWEN: BER: IRITE ARG 4 FIGK CCS BB BRIGE R IATTIT 2 50%; KREK: RITE ARG 4 A
CCS A B 4 A a7 I T3 n sl 38 hn<50%.
6. Giitoth

JITA Get Bl S 1E SPSS 26.0 IA45 FALEE . BRXTIESAR R, M £ frEE(X £s)BEN, IHK
P IR A L2501, 73 S5 L ¢ A 6/ o 2 I 65 22 0 M Bl S ok Bt AT 2L 1] bR AR X T 7 K42
KRR, SFRFORER AR S . P<0.05 ZnEr AR AR .

7. RGER
7.1. PR EHMEINEE(CSBMs,. SBMs, CCS iF4)ELE:

BITHT, WYL CSBMs. SBMs. CCS VP4, ZERILGITHFE (P > 0.05). JAIT)E, WS
# CSBMs 5 SBMs ¥JHi6 97 i B IN(P < 0.05), CCS 450697 i BB F#R(P < 0.05), H rTMS 4
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CSBMs 5 SBMs B & & T rTMS 41(P < 0.05), CCS 143 B BAK T rTMS ZH(P < 0.05). W7 2.

Table 2. Comparison of bowel function (CSBMs, SBMs, CCS Scores) between the two groups
52 2. FAHHETNAE(CSBMs, SBMs. CCS #4)ELEs

CSBMs(¥k) SBMs(i) CCS W4 (4))
45 {5
Tl B R T IR Tl BIT R

rTMS 4 29 0.79+0.77  3.28 £1.03* 141 +1.15 414+ 1,13 1990+2.13  6.72 +3.46"
i rTMS 4 28 1.07 £0.81 1.89 +0.88" 1.71 £ 1.30 336+ 1.16F  20.00+2.43 9.50 £5.12*

W 5WRITHIMLEL, *P<0.05; SXTIBAAMLEL, *P<0.05,

7.2. FREEETFRE(PAC-QOL FED)EER

BITHT, WAL PAC-QOL Vo bk, ZR TSt E X (P>0.05). ¥GI7)E, M4LEH PAC-QOL
PEAMEIATT BT B B B (P < 0.05), H rTMS 21 PAC-QOL 43 B BA% T rTMS ZA(P < 0.05). Biijii,
rTMS 4 PAC-QOL 43 B A T+ rTMS ZH(P < 0.05). .55 3.

Table 3. Comparison of quality of life (PAC-QOL scores) between the two groups
3. WABELERRE(PAC-QOL F4MELE(SY)

285 % 1HITHT BT A inigul
TMS 41 29 72.79 + 14.40 51.34 £9.94% 47.66 + 6.79"
{E rT™MS 41 28 74.86 + 14.06 60.29 + 9.42 64.93 £8.91

. 5IBITRTAEEL, P <0.05; SXHBAAME, P <0.05.

7.3. AR ERERERIERELE

TBITHT, WA ST . FLERFTF B KIAT . RS iR, ZREg00H5= (P> 0.05).
BITIE, MR DU B . FLRRAT W ECE I EGR YT AT RIE NP < 0.05), 1M KAFF# . BEREHEY
B> (P < 0.05); H rTMS XA R . FLERH B 80E 2 & T rTMS ZH(P < 0.05), KB 1%
BRI B B BAL T rTMS 4P < 0.05). L% 4.

Table 4. Comparison of gut microbiota between the two groups (log10 copies/g)

< 4. MBBEFEREER LB (ogl0 copies/g)

- KB AT B ALERAT B
2H 5 ik — - — X
YRITHI BTG YRITHD wIT R
rTMS 4 29 6.20+0.74 9.78 + 0.63** 6.32+£0.71 8.45 +0.67"
i rTMS 2. 28 6.24 +0.61 8.06 +0.58% 6.21 £0.58 7.07 £0.52#
. . K i7824)
2H 5 ik - - - 3
PEPREEL wIT R YR TT I AT R
TMS 4 29 10.25 +0.86 5.85 + 0.84 8.23 +0.65 4.92 + 0.60*"
B rTMS 21 28 10.18 £ 0.76 7.22 +0.84* 8.44 +0.51 7.13 £ 0.64*

. 5IBITRTAEEL, P <0.05; SXHBAAME, P <0.05.
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7.4. FEBEEE SCFAs B

VEITHT, ARG RMET 2R, AR, TR M SCFAs S B, ZRIEG ¥ (P >0.05). 157
i, WAHBFIEH L. IR, TR SCFAs & EHIRIT AT B3NP <0.05); H rTMS 43E(EH
LR TNER. TR SCFAs & &4 B = T rTMS 41(P < 0.05). NL% 5.

Table 5. Comparison of Fecal SCFAs concentrations between the two groups (ng/g)
2 5. FAEREL(E SCFAs 2 (ug/g)

ZH ) ik B YRIT R wIT IR
LR 54745 +51.54 1201.24 + 100.84%*
R 142.38 +42.33 649.14 + 68.86""
TMS 41 29 N
TR 114.10 + 12.58 431.93 + 71.98*
&t 803.93 + 72.35 2282.31 + 139.08%"
LR 559.96 + 47.43 1046.36 + 75.40"
R 155.14 £34.25 485.29 + 53.33%
% rTMS 41 28
TR 11121 +£11.53 323.21 + 66.06%
&t 826.32 +57.21 1854.86 + 138.78*

W 5WRITHIMLEL, *P<0.05; SXTIBAAMLEL, *P<0.05,

7.5. FRLRIGRITEE B
14 HIBITE R, PMABRE AT RUE ML E 6. rTMS A KN 89.66%, 15 rTMS HAERE R
71.43%, ZrBEAGZEE (P <0.05).

Table 6. Comparison of clinical efficacy between the two groups (n)

= 6. PILBImPRTT LR

2H 5 ik R B HRY TRk HRR
TMS 4 29 3 16 7 3 89.66%"
i rTMS 2. 28 2 9 9 8 71.43%

. GxEAMLEE, "P<0.05.

7.6. FEE R IFRELE
FEUTHZH BB B R ILE 7. rTMS HEKFEN 26.92%, 1 rTMS HE K F AN 60.00%, EREAH
Gt (P <0.05).

Table 7. Comparison of recurrence between the two groups (n)

7. MERRFRLLEB)

A5 1% 2K RER HR&R
rTMS 41 29 7 19 26.92%"
f rTMS 41 28 12 8 60.00%

. GxEAMLEE, "P<0.05.
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8. g

JVr T8 B R A A TE ARSI 2 R AR ) SE R R E 2R A S R G, 25 AMRE TRV AR
TP Ty Re S JIE B A5 AR PR R TN RE[10] 0 I AR TR I, PSC B3 (1 FE(H RE A Hh B BEY A = BE RN 22 1 1
B ERT IR AHE, WS SCR R IhREREL, WS GE iR, SUlHiEs) ke & 508
SN, BET S ARAERA 1], A TR, SCFAs ACH % Sk A rh R A UG, Kbl A
TERNE, EEANEIEA RSE LM - 5 (blood brain barrier, BBB), 4 4 [ J5 21 i I i 48 98 0
SNi[12]. B, A#FFRH CSBMs. SBMs. CCS 2 PAC-QOL 70 v-Ah f g HEE Th R K A% i &, JIF
WP AIE R R SCFAs MR R, HE—B8RTT rTMS BA L A0S I 7EHLH] .

AWPFLEE RERW, rTMS BEA 7L AR NS 7E ot 2 b 5 (AL 7 T R I 3 AR 3. S5 fTMS IR & 2,
FHEF L, rTMS BCA FLIRBEIATT A RE S 2 3 0 B 3 1 58 4 H R HHE KB DR (EAMIE IR, I PR
TR R AR, R AR EERIT S ERIH AN SE R . OV EENE, A AGE RS
SCFAs 255 7R, rTMS 485 718 N XUSAT R . FLER A B S5 718 A o 3G, B SCFAs /K%
(5 Thms $oR rTMS BEAFLRBEVAR YT PSC IIEFAMLEIRTRES “Rdifnih” Thee T3 UIM %,

o i b A ot L 2 B W Tl 5 PR AR AR 4R R 8 2 TR AT LA VA B FOAR e o i TE R AR A E R s i X — &R
R AT, AL, . WIS SRR, TEAERE SR ELIRAS X KT REEAT P 5[ 13]
[14] ZHr R A S, o0 F et AR 00 e VR 5 AR AR o« BEAE AT 78 CUE S, A i £ 10 51 i B sk i, JHi@d A
M S A S R+, S EUMIEMEM AR, IR A TE BN S EEUREIE 2 . ZREEA
i BRIk S5 i T TR R 2R LRI 15] [16]0 170 25 L A T A B AR ) S nT it s mi kB # 22 . # s Jo AR
W g JOE I N AR AR S I AR PR S R DRI, HETIRC I AR R TS [17] [18]. REA: MW 5T K30,
P2 G B W R BE /AN BRI NG, NIRRT T A sORES A, X P 5 RS E BE
B AREIR K AL, BRAIR T IATERIBN J1s R e ehmic A AR ER R BRI FUAIE 58 7 3K HE {2 ¢ 48 il A\
J BT RS 2 P XA 2 R G0 B A O X350 1K — R BLE— 20 NI T8 ~ K ) B B AR SR T e 4R 19].
AL, PSC AR &y i i Th e i, 582 i fiz b Dy R 25 6L IR DG B I PR SR B0

rTMS 1EN—F LA RS TREHEAR, rTRGEE (G ST, R @ R4 R S5 S
Bl. *TMS AL B0 ) R - B AR DG I DX dak,  an s S Al &5 - B2 5, R A2 K i R i i 2 ] 7D 185 74
[6]. rTMS & A T KM T GABA FIAY 2 BRSGE2340 5T (17K, SEmRpREe n] 384201, Fdid i
R EM A HAEWE . WA I TE AN, S G R (21 BRIEZ AL, rTMS AliE
B AR AR 28 4 R 1~ 7K ST R 15 G2 S 0L, e S 4o 420 3 Joi 1 e 88 28 95 110 2 K 8 4% Jis T 1 B 11 4L BRI T
[22][23] MR NG A0, HA BRI A 1 M TR AN Be SR 8 1E Tt & &40, tHnThe
W REMZ CH T M RN [24] . B SRR AR IR K, ANORE N g R gk A
RO, EREEBERIETIRIER, M IL-6. TNF-o 202 28 7 1R, AT « il w2l - 4
B RAE - M7 RBPEEIA[25]-[27]. rTMS 5 7L SR WE I8 I i il bl [5) LA, SRR H 0 T AR op s kAl
(I - Fahee.

g5 b, v TMS BCA FLARE AL BE1E 24 SO ASEE BN 52 1) 46 i BB 3 B2 40 T 9T e % . LT )di% PSC
ARE AR . PRSP R AR G E TR BRI REE IR, AT X 2 rh B Ak
PR ES R N EAERE IS, BERREAL, ERRMSR BRI (TMS A, S8R
I7 ARG R 75— PR R .

£ E&WA
RV DA FRERIHRE (9% 5. 20222020011114).
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