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HE: WESEMRAIMRIACHESE (EDP)RIT SN ZE PR S H B E TR ThRE TR 5k WEE20224E
125 £2023F10 A BRI 2B ER KRESE—RBER REEAPUE M4SN Pk SRR E, Bty
ME4R(10 + 40 HZ) E-& R EDPA 154, (40 HZ) A BIRZREDPLA 155 At FEH 1546 . WHRAE R
RSk, WEDPA S HIFExT B Rt B3 A BARR AR SMRASMBUERIGTT . Fra T EnT
WHESIA4E, BBSHBITRIEMIIEE. RUThEE. PURSEERREIER. 43: 1) 4F%BT)E, 3
H—PHANPSAEM(FEVY). FAMEEFVORENBIAR, ERAFAIT¥E (P <0.05), H34
FEV1. FVCIAJT E4R b =R 8 (P < 0.05), E/ARIUAMEDPA AT FEX IBATHE (P < 0.05),
TIPREDPAHA AL EZR (P < 0.05); FI 748 EHEDPA —FPZ (FEV1/FVC) BRI NE (P < 0.001),
TRRATFEGATA k|, (ELGHFER(P > 0.05), BiRyTE3HMERERAHEP > 0.05). 2) £4
JA¥aIT)E, PREDPAFHHITIR IRI#3 B (DE-QB). FIFRBU#ZE (DE-DB). IR BILERE (DT) K
BEBHESR, EFRIH¥ER(P<0.001), 4FHEERHBEDPADT. DE-DBEEB T HBA T =8
B (P < 0.05), TFHREDPAZFATLEEZER(P > 0.05). 3) ¥&IT4/8 5340 B Borg Il M AT R 58
ATRRAK, BB 4% =R (P < 0.05); 34 R e Bon BREDPA B R AL T %80 & (P < 0.05), T AR EDP
HBAFINREDPA FREE AHE(P < 0.05). 4it: ABEIRME S INREDPIR YT AR A8 o i 3 H % 5 31
BENPRINGE, TR AMREDPIRITAENE BETE SRR IR AR EME K.
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Abstract

Objective: To observe the effect of combined frequency extracorporeal diaphragm pacemaker
(EDP) on respiratory function in convalescent stroke patients. Methods: A total of 45 stroke con-
valescent patients admitted to the Department of Rehabilitation Medicine of the First Affiliated
Hospital of Anhui Medical University from December 2022 to October 2023 were collected and di-
vided into (10 + 40 Hz) compound frequency EDP group (15 cases), (40 Hz) physiological fre-
quency EDP group (15 cases) and control group (15 cases) by coin toss method. The control group
was treated with routine rehabilitation training, and the two EDP groups were treated with physi-
ologic frequency and compound frequency external diaphragm pacing respectively. All the treat-
ment groups were treated for 4 weeks. The changes of lung function, diaphragm function and an-
ti-fatigue degree before and after treatment were compared in the 3 groups. Results: 1) After 4
weeks of treatment, the values of forced expiratory volume (FEV1) in one second and forced vital
capacity (FVC) in the 3 groups were higher than before, and the differences were statistically sig-
nificant (P < 0.05), and there were significant differences among the 3 groups after FEV1 and FVC
treatment (P < 0.05). After treatment, the two EDP groups were higher than the control group (P <
0.05), but there was no significant difference between the two EDP groups (P < 0.05). At the same
time, after 4 weeks of treatment, the one-second rate (FEV1/FVC) in the two EDP groups was im-
proved compared with that before (P < 0.001), and the control group was also increased, but there
was no statistical difference (P > 0.05), and there was no significant difference between the three
groups after treatment (P > 0.05). 2) After 4 weeks of treatment, the values of calm breathing di-
aphragm movement (DE-QB), deep breathing diaphragm movement (DE-DB) and deep breathing
diaphragm thickness (DT) in the two EDP groups were significantly higher than before, with sta-
tistical differences (P < 0.001). The DT and DE-DB values in EDP and EDP groups were significantly
higher than those in control group (P < 0.05), but there was no significant difference between EDP
and EDP groups (P > 0.05). 3) After 4 weeks of treatment, Borg dyspnea index scores of 3 groups
were lower than before, with statistical difference (P < 0.05). Comparison among the three groups
showed that the EDP group decreased significantly compared with the control group (P < 0.05),
and the compound frequency EDP group decreased more significantly than the physiological fre-
quency EDP group (P < 0.05). Conclusion: Both physiological frequency and combined frequency
EDP treatment can improve the respiratory function of patients recovering from stroke, and the
combined frequency EDP treatment is more effective than the physiological frequency in improv-
ing the anti-fatigue degree of patients.
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1. 51§

i A L S R AR R B A T RETHT I K TR, 3096 B 7E 2 4F U AT TV 1 B
VG FEREREE TR S8 N EFWINREK S, 1% WFIR D) 68 1 S E AR X [2] [3]. i
S AE SR (] Py SMIE FE IR T %A R S R T B R RS T R SR R BRI 2R, R RS RERT
e LR B P s ARV BEE A 2K [4] [5] [6] [7]- ME WL I3 AR AE J9— Rt %t R FIL A ¥4 77 - B,
[ 41 % {1 Fi ¢k P BB VLAR 3677, (BRI N TR KB . Bk, MLk, ENZ R EDP 7%,
I CUIUAS AR B, 5 9 2 7038 P A A58 (40 Hz) EDP 403 fisi 25 v #8 2 Jiid 0 fig S I L4540 07 T [8]
[9]. AT, ARFESIEMIRIUERBECR & 5, ARSEK B LR Z AR EDP J7 % il 45 oh 883 005 )
BT 2K
2. ZINEH*E
21, — AR

HEHL 2022 4 12 H & 2023 45 10 A B R 25 — Bt & B Bt e 52 Be 2 RRIOR 1 i 4% v i 55 10 3R
& 45 %, SRAOEE ks 3 4L, B 15 BIEE, s, © BEME EDP 4, @ ABESA EDP
H; @ XTHRA. INFRAE: (1) FFA 5500 i A A I A 5 2 R 23 B0 58 1 i 25 s 2 Wi ks 1k [10], 48
i CT 8 MRIGESE, HERNEIRKEE: (2) ik 20~70 5 (3) WL 2~24 JH; (4) iR FHa; (5) X
ARG R, HEEMERET. SHBHFN—KRER, BN, F%. 5. KE. BMI, &
AR, WS fRERE B Brs (Brunnstrom 2 VR E BR) S ILER, ZRIESFE (P >0.05), I
#®1.%R2,

Table 1. Comparison of general data between three groups
= 1 3ABFE-RERLER

— MR AEFIR EDP A(n=15)  E-A4% EDP 4i(n = 15) MEHAMNM=15) SitE P 1

1Y 55.53 + 10.58 55.73 +9.26 55.87 +9.11 0.005 0.995
PRI (SB12) 12/3 11/4 12/3 0.257 0.879
WRCHR s 6 4 6 0.776 0.678

5 E/m 1.67 £0.07 1.68 +0.07 1.68 +0.07 0.100 0.905
AT kg 67.20 + 11.56 67.37 £11.34 69.47 +9.37 0.208 0.813
BMI/(kg/m?) 23.90 +3.20 23.78 £ 3.02 24.46 + 2.80 0.219 0.804
iR/ 61 (15, 70) 48 (33, 68) 32 (22, 108) 0.047 0.977

ki L L/ e A 5/10 7/8 5/10 0.756 0.685

Table 2. The degree of hemiplegia was compared among the three groups
= 2. 3HBERMIZE LI

Xt R4 (n = 15) =¥ EDP 4l (n = 15) &4 EDP 4(n = 15) Gl B

1M/INNVIVIVI /IHIVIVIVI 1MI/INNVIVIVI P
L BRS 5/3/1/2/3/1 5/1/7/0/2/0 3/5/5/1/1/0 12.590 0.248
F BRS 712/1/3/2/0 5/7/1/0/1/1 6/4/4/1/0/0 13.756 0.184
T BRS 0/2/5/6/2/0 0/3/9/0/3/0 0/1/8/5/1/0 8.818 0.184
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22. BITAR

3 UPERF MG EREIRTT, URBERENAY. WAt HERETSH. BRI, WAz
e, TR BEFHIT iRy hEEGIRITSE. EaRER A BANA EDP H 7078 % HLRE
SIRTT ARG ISR B EDP IR, ASEIR A MRV 23 (EDP-S1) KR T iR BB M) T
PHARAF . rARIT SN 16 R, SR 1K, BYTREIE 4 . a7 iR i O 2R dr R AL
B, A I AN K k.

2.3. WEFE

A AN KN 7 AR O B[R] — 4 R B BRI IR ST BTG YT 4 Ji Ja xS 3 HBEAT i ThAE . ARAULLhEAT Borg M-I
PR HEFRHOF 73T 5

2.3.1. BHThEEME

3 A TIRITHT WRYT 2 S IE 3 i R S5 (R U SmaxG8ce) HEAT I LI RERLIN, FL4E
%5 1 #0185 (forced expiratory volume in the first second, FEV1). F /1 fifii & (forced vital capacity,
FVC). FEV1/FVC (%). W& &, g g S vl Remc AR Mg . DTy 28 25 VR AN A2 3 35000 0000 i
7%, TR 3 A B, e E RS 1 3 s, Bt i s KA .

2.3.2. [RANTHEEMIZE

3 WA HITIRITHI . VAIT 4 JA e AR 56 [R5 v 75 465 0ORZ A (M- T urbo) A 0 528 55 s 00 6 2 B R UL I
J¥ (Diaphragmatic thickness, DT). -~ i LA 3)) £ (Diaphragmatic excursion of quiet breath, DE-QB).
TR g L3S 2 B (Diaphragmatic excursion of deep breath, DE-DB). it Ml & AH ¥ E & k47 3 Wk, B
HIE.

2.3.3. Borg FREIR FH #1F5H

SKH Borg I PR ME Vo) B 3 I s B 3 B RIS B R AR P 7 I FE B 1 L. Borg WRHR R AE VR B
LTt 10 43, VEOrER T, 12 BNET IR R AR R R I, B FIRT A 1 ORRNAYT 4 e e 1 R
SRt AR PPl Borg PRI R s B 3.

24. GHFEFH*

KA 5L ] SPSS 27.0 #EATSE T 0T« X Tl R IR AT B8, RAMME £ frEE(X+s)&
s ASHERIT TG Z RIS, RATOSFEA t R4 LR T TR 03 ARG, A
HI Wilcoxon FRANAS: 36 o 7 = 2H i o /2 12570 A1 HLJ 225508, B it AT S R 207 20 i, 2R A £ B LSD
6 A5 2L T V20 P P9 LA o A T 25 70 A R 8080 Y mh A2 80 % DY o (e ARl R 7, IRl Kruskal-Wallis H 7%
AGIGHEAT 3 A ELAL, HZEREE, #t— DA Bonferroni A IE %0 B i Py HL B (9 235 VEAKF . 3
HETREEBIE FR TS . SRR, 2 PE/ANT 0.05 1, IoNZERBASE L.

3. /R
3.1. BhINAE

3.1.1. 3 AEE A HER(FVC)

3 4 NI FVC HUBHEA 3, TGt 2% R(P > 0.05). 1I7 4 )5, 34 FVC Ml EHTH
ANFRIFERE R, 225 BA gt (P < 0.05); HAHAS EDP J597 41 450x iR 4 o 3% #H 2 (P < 0.05), 1M
540 45% EDP ALAIVE B % EDP 412 A C 0 .46 i 2 225 (P > 0.05), PEILE 3.
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Table 3. Changes of FVC values in the three groups before and after treatment (X £s)
2 3. JATTHIE 3HEE FVC BETH (X +s)

25 ¥BITET FVC (mL) 19T JE FVC (mL) gt P1{E
it B4 2.57 £0.50 2.75 £0.40 -3.732 0.002
A H S EDP 41 2.63+0.45 3.08 + 0.46° -7.313 <0.001
H A% EDP 41 2.61£0.46 3.11 +0.42° -12.160 <0.001
Giit = 0.073 3.232 - -
P1E 0.930 0.049 - -

VE: CRORATIRA L P < 0.05.

3.1.2.34ABEE 1 WA NFSERFEVL)

3 YLEH ABE FEVL BEEEA L, TGt ZR P >0.05). 7 4 JA)5, 3 4 FEV1 KEERA
7RISR = (P < 0.001), H ¥ EDP A7 410 B4 2503 H i (P < 0.05), 1fi &2 & 4% EDP 20 FHAE 2
B EDP 2 B LI W4 it 2 (P > 0.05), P 4.

Table 4. Changes of FEV1 values in the three groups before and after treatment (X +s ) [M (P25, P75)]
4. BTTEIfE 3AEE FEVI HETH(X £s) [M (P25, P75)]

iRl YT R FEVL (mL) ¥J7JE FEV1 (mL) il & P {8
X HR A 2.08 +0.44 2.28 £0.38 -4.390 <0.001
A H S EDP 41 2.12 +0.56 2.63 +£0.49° -7.388 <0.001
H A% EDP 41 2.11£0.50 2.66 +0.47° —12.466 <0.001
gt 0.028 3.321 - -
P1E 0.972 0.046 - -

e ARREX AT EME, P<0.05,

3.1.3. 348 & FEV1/FVC (%)

NFElt 3 HHE FEVIFVC(%) B4t %= R (P > 0.05), &5t 4 FEIT )5, WA EDP ABAIT A
Freiat:, 725 HA S5 (P < 0.05); X HRBGYT i AUE A B, (H2E R oG it 245 (P > 0.05),
HiGI7 )5 3 tHeH R b e il 2 %2 (P > 0.05), 1 L% 5.

Table 5. Changes of FEV1/FVC(%) in the three groups before and after treatment (X +s ) [M (P25, P75)]
5. JATTHIG 3 HEHE FEVI/FVC(%)BETH(X +5s ) [M (P25, P75)]

415 1BIT AT FEVL/FVC (%) 1897 )5 FEVLUFVC (%) giiti P1E
it B2 81.22 + 6.06 82.84 +5.66 -1.768 0.099
A H% EDP A 84.12 [65.40, 87.70] 84.89 +8.23 -3.952 0.001
S G 4% EDP 4 80.16 + 6.63 87.09 [81.53, 88.51] -3.408 <0.001
Giil &= 0.207 2.473 - .
P {8 0.902 0.290 - -
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3.2. IRAL
3.2.1. FEHFIRARAFERIE (DE-QB)

ABii 3 4 5% DE-QB Z R LS it#Z (P > 0.05), 2l 4 FGIT)E, WA EDP E0AITRTA B
MG, ZREFESIF#E (P <0.05), XABIHBITATE Iiftm, HERKI¥ERP >0.05), HEEHAIT
& 3 HAN LR IR &2 7 (P > 0.05), VW% 6.

Table 6. Changes of DE-QB values in the three groups before and after treatment (X +s )
% 6. JATrAIfE 3 A2 % DE-QB HETH (X +s)

2H 5] VA7 B DE-QB (cm) Y697 J5 DE-QB (cm) it P {A
o fE2H 1.55+0.20 1.62 +0.50 -1.854 0.064
A FATI AR EDP 41 1.52+0.20 1.63 £0.54 —6.295 <0.001
H A% EDP 41 1.54+0.19 1.67+0.36 -3.409 <0.001
it 0.148 0.324
P {H 0.863 0.725

3.2.2. FIERARALRIE (DE-DB)

ANBE 3 HIRII B L 5 fE (DE-DB) L4t i 2% 2 7+(P > 0.05), &k 4 Fiqyr e, 3 AEE BT
#(P < 0.05); H.r#y EDP 77 ZH 00 A s S AW (P < 0.05), T EDP 1Al EATE W i 4 it
X(P>0.05), VW% 7,

=z
=]
T

Table 7. Changes of DE-DB values in the three groups before and after treatment (X +s )
F 7. iBTTRIfE 3 tAE % DE-DB AT (X £s)

#7 377 Al DE-DB (cm) Y577 J5 DE-DB (cm) Guit= Pa
it B2 4.22 +1.10 453 +0.86 —2.605 0.021
A3 A% EDP 40 4.18+1.20 5.29 +0.97° ~5.406 <0.001
HH 4% EDP A 3.57[3.23,5.26] 5.24 +0.84° -5.861 <0.001
Giit i 0.061 3.344
P1E 0.970 0.045

e RS RALRTTJE AL, P <0.05.

3.2.3. RIEIRARALEE(DT)

ABeif 3 LI ARAILE B (DT) gt it 22 2 5 (P > 0.05), £2id 4 JAiGyT )n, 3 HEMERI AT = (P <
0.05); H AP/ EDP vi7 400 R4 238 58 W S2(P < 0.05), 1M % EDP 411 LL e 6 B3 2 45 v 2 2 (P >
0.05), VEULE 8.

3.3. LI 8ESI(Borg FEIREESY)

AEBERS 3 41 Borg WK R XD o5 3 Giit 22 2 7 (P > 0.05), 243t 4 FVA T fa, 3 A saa)T an
FB&E(P < 0.05), TMiAYT )5 3 A E b = TP (P < 0.001), HARFHI NP EDP X I FE((P <
0.05), E &M% EDP A4 FE EDP 4 FB&(P < 0.05), L% 9.
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Table 8. Changes of DT values in the three groups before and after treatment (X +s )
8. ATraIfE 3AEE DT BETH(X+s)

2H 5 YRYTHT DT (mm) Y897 J5 DT (mm) giit= P&
it B2 2.77 £0.50 3.03+0.43 —2.950 0.003
A AR EDP 41 2.88 +0.50 3.39 +0.42° -9.564 <0.001
HH4% EDP A 2.79 +0.51 3.35+0.38° -10.512 <0.001
giit & 0.207 3.392
P1E 0.814 0.043

i CRREXIRA R P <0.05.

Table 9. Changes of Borg scores in the three groups before and after treatment (X £s)
52 9. JBTTEIE 3 tAEE Borg WS HET (X +5)

el Y897 AT Borg (47) ¥RJT )5 Borg (43) Gl & P1H
it B A 4.00 [4.00, 5.00] 4.00 [3.00, 4.00] —2.919 0.004
A= FA% EDP 21 473+1.22 3.00 [3.00, 4.00]? -3.247 0.001
2 A 4% EDP 4 5.00 [4.00, 5.00] 3.00 [2.00, 3.00]°¢ 6.808 <0.001
giit = 0.181 18.270
P1E 0.913 <0.001
T ARSI S P <0.05; PR SRR L P <0.001; °FR54MIZE EDP 4L P < 0.05,

4. ¥1ig

KWFKIN, 2 4 A EDP JRIT )5, PRALI A B3 75 Vi PR -5 PR W R iR UL 31 2 (DE-QB
H1 DE-DB) S IRFF R I LIS S (DT)#RA ik« o2 ST IZHAHLL, P4 EDP 1647 72 DE-DB FIIRIF
W DT Mt RN, Migh4l EDP 7 MM RSUR Z A, SRR AR FIAZE 40 Hz 2 &
4% 10 + 40 Hz 1) EDP J73%, #SREA Ot I s i 46 v S PR IF IR IR L& S e FE A EL RS . X — S5 ke
ECRISR B G TG0 SRV A5 [ 1] [12], A AT D78 10 2 o S 2 e AR A 40 6 v o P Ak MR LS 8 85 5 T
TheeilZk, HIESET EDP JRY7 R STt B MR B - AL IR RE shya [l . el REmpLEl ™, @© A%
WA IE: IR T & 8L, A5 BNAR I LA 4 nk . IRALE | BB 45 41 4 (% 57 i UN 46 59)
A1 B ERAELT4E(1a AT ND)R A Ao B LS B2 i i R R SR AR 22, (R A AU 4 . A RIS
LRI AR LT 4 A R sz - ] Py 2% 25 Je e A 1490 2 ) 7 R IRVL R R [13], 40 Hz AR BT ]
TREFWLEF 45 IE 5 Le), s 8T AR 4EThRE, Ba LA 4 SR R A AR, S =LA 775 10 Hz #1¥
flefif 1 RUAREF YRR Dy | RUMGET4E, MERPUEITRETT, AAIEE IS TE], (BRI 77; 100 Hz RIS i
| RIS LFYed% )y N BUPREF4E, IR IS, (APURES7Re 1S, WE R (10 + 40 Hz) & &
B, B IIRLAT 44 LB B S AL e, 0 b B Na A1 RUEEAR,  seBUIRATLUL 3 e g [ A 4 17
PUETITERE. @ ML SHW . NRIRSIZ B2 R0 R E AT AR 4%, i e S SRR
AR RIS, fd R RS LRI AR AT IR S o ARSI TR HE [14], B 2% rh B AR ok 22 ()32 2 % 5
TEAR AR K LM T B, 380 o 25 o B 3 s (i e 0 18 #oh 22 L0 300 J) (B e 2 A8 o 4T 20 o i RE 0K i 2
JEEIRMEZ 8 R ZH, IRMER LTI PR SCRE, S HIVEFRAR, SE B SR 5 .
ARG YT P a2 DL A e . R R I AN SR AR, WA B T
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SRR A v 5 R IR 4 IR kR AR A

ARSEIG BRI 4 G, 7 EDP A R4 FEVL. FVC B4R, MARtRLHEZER ., £H
AR HMIRLESAEE T T DA 1o A6 o k230 S5 (e A D e  H e R VLI V5 3 Y ] o BRI T BB AN T
@ o 25 A PRI P X A2 450 T SO IO R o, RIS U] . VR R —45[15]. EDP Ji i F IR e
28, RUAPETOPIOE RS, B A PR [ 16]. @ HRWIAE A CBERPIR L, X il oh RE AT A% O
F, HiSshE ER @ E[17]. AR B KIENARR, USSR ElL, A8z
[18]. FHRAFEFLEIR[19], Wi2E o B PR RPN AR VLIS B e 0 KR R %, JEE MBS D, LA
RO 56 B . AR AR ALAR I 7 v BE I e i b 22 AR i ot (it L Rk B R A R B B SRR, R
WA IRAL A FE R LA 4 & &, WA 4R R s, SR, WEIRILEIEE . sbok,
FIHOLRe IR AR, R SIRNESNEE, 30 A, T S BRI D RE . B i 26 G (e
SRR aR ALEK Ty R, 5 B A bl e, 28 i BRI BTG Bl , 500 1E H RRIR [20] o (L A
T LR FRAERFIRAG I R 9 R S m1 40, BRI OB < a, IR ThRE . AR R BRI
fai[21], 45aAMRITE RS S W IURE FB, B8 BT A b B IR T Rase VeI IEAS RARAL, M
MR RO @ T FRSNA o IR RER 2 —, BRI R 5 51 R, R %, S5
JifiE S IR T8 . W TR B S IR UG T SV ) BRI ZRont o 25 o 5 A R B A T 2008 (2 [22]

R Fi s R on EDP Y7 o] DL R4 B g s R P 97 se 11, R AR EDP R R K
ARSI EDP Y7 1 eUTE U 57 72 FE 75 THI A 508 BE A . X5 3 YR YT S S IR UL R0 il 1) B 1 e
e EEAHIE, HpE SR EDP JRY7 1R B HT S ARG R MR LAT 4E 00 [F) i, el T B SR LA 15 LA 4k
AENE N AR, N B SRUSCAE B 9% 55 ILET S5 AR 1 | BB U AE Hi% 55 47 4k J la BY sS4 B 55 LT
Y, WO LESA BRI R IR A B 5 1 B 95 R

5. &

PRAN IR S8 367 AN R SN R T AT i A P o R 8 RO Zh BE IRV RERNSTTIR 55 BE 7T -
40 Hz A= B EDP 597 B3N 10 + 40 Hz A 413 EDP R a7 B0 I 4% v £ 35 fili D RE M IR AL ED RE 46
TRz, HESWAFR EDP Ja Y7 RIS b 3 HUIE 57 e 71 10 208 U5 T B A BER. EDP REE
B ZREPTE, BEPERARINIR U RTIG 7Ok A Y S o IR D RE R O B A TR R
— il AR AHE R % EDP B, i T2 BB R AOBR ), HARYT ARG, Frsemt se B A
L, ATREABEACERSE T ORI A AR, HUBE Mt )E T 2&0RiRTT, RIZHT RO TE, A BEROK
FTUAZREEIEAT T, AEIINREA I DL R 320 1 i B AW AR S IR LA V6 7 X I 24 52 301 18 3
MR IhREFIIT 2L o

SE
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