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[ Abstract] Objective To observe of the effect of neurophysiological facilitation of respiration combined with
external diaphragm pacing on the respiration of stroke survivors. Methods Sixty-four stroke survivors were divided
randomly into a treatment group and a control group, each of 32. Both groups were given routine drugs, while the
treatment group was additionally provided with an external diaphragm pacemaker. Those in the treatment group also
received neurophysiological facilitation of respiration six times a week for 3 weeks. Before and after the treatment, ar-
terial oxygen partial pressure (Pa0,) was measured in both groups along with arterial carbon dioxide partial pressure
(PaCO, ), arterial oxygen saturation ( O,sat) and C-reactive protein ( CRP). Ultrasonography was used to measure
diaphragm mobility at the end of expiration and inspiration (Am) , diaphragm mobility of the end of forced inspiration
and expiration (AM ), and the difference of diaphragm thickness ( Ad). First second forced expiratory volume
(FEV), and maximum voluntary ventilation (FVC) were also measured. Results After the treatment, the average
Pa0,, PaCO,, O,sat, CRP, Am, AM, FEV and FVC of the treatment group were all significantly better than before
the treatment and better than those of the control group. Conclusion Neurophysiological therapy combined with an
external diaphragm pacemaker can significantly improve the respiration of stroke survivors, reducing the risk of lung
infection.

[ Key words] Neurophysiological facilitation; Respiration; Functional electrical stimulation; — Stroke;
Pacemakers

Fund program:The Science and Technology Program of Panyu ( grant 2017-Z04-07)

DOI:10.3760/ cma.].issn.0254-1424.2019.05.001



- 322 -

B A SR E LA 2019 4E 5 H4E 41 555 5 Chin J Phys Med Rehabil, May 2019, Vol. 41, No.5

NG v ) A s R B 2 I 1 TR A 3 n, #8023 2010
AEIR I G A s S A 336/10 T3, A S LA —
BHAEPAS PR T ABE 35 170 T30, BFSEIESE, ki
A A Rl TP B HRH 5C e o, ] 5 B D) g
BT, 51 A WP 2R GE B , 5 BOP 0 ) B V8555 | P I 9%
T M R A ) BE B A A5 R I ) i e
A BT L D o i S R g ) e A= R AE T XL
R AR P I pp 2 A B R IR T SR A
ST R SR JHOGT ki 24 v J I g B i A8 32 kAT T
T, B TR TR, OETT

AREHE

— I R TR

N ABRE . D25 CT 8% MRI KA IESL, 75 &
CHRIRIZ ST RO bR ) 265 = 4 [ fili
TRl SR g S ] Jo P it s s DA 12 W s o I A ) B i )
WIRRIE S A5G v A2 5 2 £ 4 11 565 DU G 1 A5 95 9
SRS GH S 1 A 2 LA 0 12 T ) U v i A
FIS TR s @6 FE > 14 d; @4E IR 50~ 80 % ; D1
A IR H 3 ; ® 3 K I %53 K ( partial pressure of
oxygen tension, Pa0, ) It T 1IE# {5, H A — Efbix
43 & (partial pressure of carbon dioxide ,PaCO,) F+=E# ;
@B HE K8 % E AMER E

HEBRArHE : O 37 B SN 23 5 QR RS 22 1
J5 s QP INE RS T REAS 22 BB PE MR F s @RI
SN0 S ™ H A B 1 it R s O LA
RS s @ F N RN AT sl S B s A A

BEHL2015 45 H %2016 47 A7E) M B X H
OEBEMZNRL RRERHEBTRTT BAT & FiRbrErY i
A JE TR D e R i R 5 o4 181, Fe BEAL AR - 3R15 40 A
SRS IR AL, HUUEH 32 6, 2 AUBFER -
KPR SRR eV B A — ORI oA, 25 5+
BTGt E 2 L (P>0.05)  BAA] L IR 1,

Fz1 24EFHE—RBER

s PERICH)) AL AR (B]) SRR
i
AU B re) WL WEDE (dores)
X 32 19 13 61.5+8.2 20 12 18.1£2.6
VRITH 32 20 12 60.3%8.5 22 10 17.42.8

SN

XA AU A RHAST , 7 ALLE T HUTFE
PRRAT 3Rl L3IV 22 SR
AT T B R L 2 FIE 1)) IS Est
WeriATT. SIREPE RIS N (RSN L2
CEIRERERMEAT () 3A0T (8 4 S 2
Ye2 emx2 em (/L A TR I BEFLSELANGC T
/3, 534 2 B S canxS cm BORHBE RGP

FRZR A ThiE] RO ZEN 40 Hz, kM 0.3 ms, it
1 0~60 mA EIHXRECH 9 Y/ min, B HIGIT 1 I, BIKIA
¥7 30 min, BEFEAYT 6 d,iESHATT 3 .,

F 2 PAR A AE R PR R E TR
ik AR yrHe

ThIZE ik S BN, T B L5 T

HEPE M FUF RO 0 B 5

BRSO R A
JEI L WGBS RE R VPE T R S O
xR S) (ol ) BT L Bl

T, R, 1) L — i

%)
FEIF A RE T T97 % T WU R sl 3 OF T

CBE X Mg %
530

(FL@L), B TH T B
%{3 T7'T10}#/1ﬁ\%, rﬂLﬁﬁﬁﬂ*ﬁﬂi
71

18T 1K, 5
30 min, %5 1A
7 6 K, F AT

FfE F B IR0 L iets 36
% FAEE i — EARRH G
LIS 7 o AT BT A
IRl

JiE i B E LRSS
?pﬂfﬂﬁ&ﬂﬁ%%,{ﬂxﬁﬂé
=)

PRI T3 | ETA YT DX B i
B )
—FETEaL, ~FHNE
H T R IR 7
TR TE Y

GIERAASE SRR RrN

1 J

DA RS
HZ R ORI AR

)

- HEH

Hca AMEIZERIE; b R FALE; o IR IRA L
d R CRRIBE 5 e MR R AR A
Bl 1 P A B A R

= PP BRE

TARITRIANAST 3 G QRITIR) 70 2 41 ik
TG (C SN RN B A 2 A RE DA

LA - A1 4G Pa0, | PaCO, |, 0 bk Ifi 4 1 A g
(oxygen saturation, O,sat) A} C K 8 H ( C-reactive
protein, CRP)



PR BEE A S 2R A 2019 4F 5 H 45 41 %% 5] Chin J Phys Med Rehabil, May 2019, Vol. 41, No.5 - 323 .

®3 24URFIRITH T M HTER L (x2s)

251 3] %k Pa0,( mmHg) PaCO,( mmHg) 0,sat( %) CRP (mg/L)
- JRITHT BT A JRYTHT BTG JRYTHT BTG JRYTHT NEv i
Xf BEZH 32 54.91+4.84  68.48+4.83°  61.52+4.94  53.75+4.81*  83.52+1.75 91.77+1.83*  53.52+5.65  28.41+6.02°
IRIT A 32 54.75+4.41  81.92+5.66"  61.92+4.59  43.16+4.92*"  84.93x1.51  98.17+1.62*  53.30+6.07  15.83%5.36*
L S IBITRT LA, 2 P<0.05 , 5% BRATIEYT IS [h#, P P<0.05
x4 2 ABEIRITH SRS B B AR EE LU (7+5)
w5 %k S Am( mm) . S— AM( mm) . S— Ad(mm) -
YR RITIE VEIT I RIT IS VAT I I G
X} HE2H 32 21.85+4.84 18.88+4.65" 50.19+6.95 57.59+4.43" 0.81+0.54 0.85+0.23*
RIT A 32 22.12+5.02 16.96+3.25% 49.96+7.07 66.66+5.66"" 0.84+0.60 1.06+0.34%

T A NIRRT LS, " P<0.05, X RALIAYT R HE, P P<0.05

2.B A A BEH WO RM, A7 2R 4 IRk
A P R o 5 8 BIEE 10 Ml o S IR i
Bih s X3, LU A it s, IR B K T 1) (7 1) 4 1)
Sk ) RN WL Kz Bl BE A7, HoiRg WLiz 2 07 17

JRITHT,2 41 ¥ PaO, PaCO, .0,sat .CRP 4 &) b
O ERBTG I FE L (P>0.05) ;1097 5,2 41
Pa0, PacO, ,0,sat ,CRP 54 NG ET Wi, =25 %5H
Gt E L (P<0.05) , HIGYT A L) L&A TEUE ST

ST, B M OB S IR ILGE A MIRENAIT IR, Z R A G R L (P<0.05) , Bk
Vo Sl s (WL 2) . OMER IR . Bk 3.

Am B RTSOR 5 P OR B IR ULES 30 5 AM
B 0 WSR3 T 0 R R LS 30 2 5 ) F-
PEOR 5 W SOR I AR US E 22 B Ad . s iR 22
BRI E B A 3 0 BUHF I,

Ha MU ;b A h IR LS Bl B2
2 IR SR & H ik i s

3T REVEAL . 55 1 BP 1 PR (first second
forced expiratory volume, FEV,); fx K H F il K &
(forced vital capacity, FVC) ,,

Ma . BeiteE oA

I A s R SPSS 20.0 MRGEH2E 5k iRk 414y
B it RORL (+s) RoR, L R] FEESHT, IFF 6 IEAS
AR FHREAS ¢ K5, Q0O AF LR FHRR ARG 30,
B SRR R X K5, DLP<0.05 2 22
RAGIH R,

# R
— 2 HRBFH RIS R I AE R LA

T2 BRI AT A IR ALES o) AR LA

TRITHT,2 HLUBRF AT Am AM  Ad 41 ] iR, 252 51
TGt L (P>0.05) 16975 ,2 A Am AM Ad 5
HNIRITHT L, 22 R A it 2e s L (P<0.05) , Hif
JPAIAITIR I Am AM Ad S48 T X IRAIGIT R, 2 5
WA G L (P<0.05) , BAREHE W3 4,

= 2 HUBRERYTH R P I 6E LA

JRITHT,2 AR E ) FEV, A FVC L8] i, 25
BIHRGE 38 L (P>0.05) 51677 )5 ,2 4/ FEV, F1 FVC
SNIRITAT IR, 22 5 588 Gt 8 L (P<0.05) , H.
IRITALRITIR I FEV, 1 FVC 3T BRALIRYT IR, 2%
SEWE G L (P<0.05) , ARSI 5,

RS5 2 HBEIRITRT S P INAELLEL (%, %+5)

IR FEV, fve

JRYTHT bE i JRITHT HITE
XTHRZH 32 28.06+2.68 36.58+6.53* 50.71x5.12 61.16+4.81°
RIS 32 27.65+2.59 44.85+£5.24% 51.56+6.27 69.47+4.26"

T S MIRIT R AL, 2 P<0.05, 53 IR IG) T He s P P<0.05
5] e

AR TR | 2285 I N BHE TT G I
P2 A PRAR SRS T 1R A et BB T S I A T S
IR D) BE 2 5 HR 35 19 FEV, \FVC , Am ,AM  Ad , PaO, |
PaCO, ,0,sat L)}z CRP Y984 NIRRT W 3% el , H
ST TR AT FRE U NERAYT B X R4, 22 74
B GFE L (P<0.05) 145 B AR S W i 25 1 B
PRI IE LA Ty Ret: F IR AT AR A b 50 i 2 v S
Ihe i B i F I D Ee

WP i 28 LR R A RS T e — Tl oA SRR I AR Az
A s NN 255 1%, S g % o 7 A WP 2 5 1




- 324 . B A SR E LA 2019 4E 5 H4E 41 555 5 Chin J Phys Med Rehabil, May 2019, Vol. 41, No.5

EPEEs & NN b -3 B FeP s iiBuil € A R S Wil IR N
U, B o WECORINE I BE 7, 2 T 494 5 o JHIEE I RE T , il
SBHE TP RE IS g AR TG Rt . XM AR B RO U
FER AR T2 BN T MR EING 7 L v iz 3
B SIS R U S P R AR T 3 R I R 14 A
HRREE | HRBAE NS Fy hos D PR R X T
HARX A SRR o BE AR 2, 3l e AR (A SR 3k
( P ARIBE A R 42 k) Mgz gl , nTAefa i
FALR A R H A A 40 A R 14.6%11
BRSS! VR Gosselink ™ S AT A B, 3l 352 I
W2k e N ERA5 T VR VI ZRAT D RE , AT 48 56 f8 & P i
LA RE 1 Bt 71, 408 202 4 It Y FEOR B3, e IR AR
WL AWTE R, it 18 R s shill 25, ol s
WP LIS A AN 5K I BE , 34 IEC g | FEARE 57 2, 3
IR IR Bl e Ko Uit fEBEHERR AR A

WP A T WL 2 DU L A Tl SRR 32
I LU 5 R JLR D 8 552 JUL PR ) [l 4 S B, R UL
N Z A FI L, IR LRSS 1 om, il i
29350 ml, LS HEER AL P A1 22 AN TR i UL 52 S
PE] RAMAR BB, FEAENRINLA LB 84 Ay Ek
P TR R D B B AR A | M BE i
PET R EUUUIAR URS 3l 25 R R ik — 2D 3 i<
DIRERREAT , BEARO ISR AE 1, WA S A R
DRERRRT Y B, 2 R B WP ILIC A7 AR SERLAE | IR
JULRS Bl B 55 | S R Il D RERRARG B 2 5 1 A Ml
Yo B AR B A] JF R RSB AR . IR
G LS e S o o ot 22 R A 2y R ri 033, ]
PE LT 4 | 28 i A AR 2305 B B 200 , R ILPA 9
SR R SR TR LY 32 00 KRR S, i
R i 7 Ak, DT 32 281 o4 A 30 <) LAY I JULJI
Gy ] LUSEA PRI U 8], 35 S8 il 2 i, (it 2L 41
FE R I TSRS

AT BEICE WA, A 2 A, e AR
SE U I 2 T i O ZH BE RS R 32 I TR k|
8 i A L DX IR [T O Bl 11 R T 5 R
JEL BT ETA  fe BERP LS LAY B R e
SERRIPO UL 5 il b T B Rk mT el A
IR, LR o R i i i 24l 3 1 iz 3l
e R LA M6 5 LR ¥R R 248 2k wl fof g JC 1) I
JIEFRY 5K, TG NPz 5l 2P s 1 B A
ENRAEIEEhRE ST G T IR 31 (FEV, (FVC LI
KA1

L LT AR e 5 D RETE L RO 45 5 m] ek
SRR DR ST B PR Pl A 14 K2 2 R Fe i, i v AR 3
A6 B BTSN (e B 7 ik 45 5 RS MR LS 7
W EATOIEARSE , R Tk B2 RA 7 I ik L

451, BXHZAE I A AR HUA, A 2 HEE AR
AT HLHI IR BE— 22T

2 % x #t

[1] Yang G, Wang Y, Zeng Y, et al. Rapid health transition in China,
1990-2010: findings from the Global Burden of Disease Study 2010
[J]. Lancet, 2013, 381 (9882 ) . 1987-2015. DOI: 10. 1016/S0140-
6736(13)61097-1.

[2] Xiao Y,Luo M,Wang J,et al.Inspiratory muscle training for the recov-
ery of function after stroke[ J].Cochrane Database Syst Rev,2012,5:
CD009360.DOI:10.1002/14651858.CD009360.

[3] Hannawi Y, Hannawi B,Rao CP,et al.Stroke-associated pneumonia;
major advances and obstacles[ J].Cerebrovasc Dis,2013,35(5) :430-
443.D0I:10.1159/000350199.

[4] Pryor J A,Prasad A S.Physiotherapy for respiratory and cardiac prob-
lems ; adults and paediatrics[ M ] .Elsevier Health Sciences,2008:161-
242.

(5] PR B 24 BLJR) MR S E M 208 1 XU 18 Wi 7 300 o e
[J].Beprp s, 1988,19(9) ; 434.

(6] #AHI, BHE. b B AL DX SRAT P Ml 56 12 B #1167 45 B (2016
RO BT 1], ARG AT ALK, 2016, 39(4): 241-
242.D0I:10.3760/ cma.j.issn.1001-0939.2016.04.001.

(7] hiEphzepletss rpAR M2 20 2% S L B 12 W 2
(V] Ao 2Rk, 1996(6) - 379.

(8] farfli, Vi, 3 Fb 7S Jr el IR WILE B Y LU ST (0], PR fE
HRGAREE S, 2014, 26(12) :914-916.DOI; 10.3760/ cma. j. issn.
2095-4352.2014.12.014.

[9] Delucia CM, Asis RMD, Bailey EF.Daily inspiratory muscle training
lowers blood pressure and vascular resistance in healthy men and
women[ J].Exp Physiol. 2017 Nov 24.DOI:10.1113/EP086641.

[10] Bethune D.Neurophysiological facilitation of respiration[ J].Respirato-
ry Care. Edinburgh ; Churchill Livingstone, 1991 121-145.

[11] Chang A,Paratz J, Rollston J.Ventilatory effects of neurophysiological
facilitation and passive movement in patients with neurological injury
[J].Australian Journal of Physiotherapy, 2002, 48 (4). 305-310.
DOI:10.1016/ S0004-9514( 14) 60170-7.

[12] BREE, 5o, ok, 55, By R0 SR U SR 3l oy /s S8 35 A= A
i M RE R SE M [ )] AR LR 2 S R Ak, 2017, 39
(4).DOI:10.3760/ cam.j.issn.0254-1424.2017.04.015.

[13] Gosselink R, De Vos J, van den Heuvel SP, et al. Impact of inspira-
tory muscle training in patients with COPD; What is the evidence[ J].
Eur Respir J, 2011, 37(2):416-425. DOI. 10.1183/09031936.
00031810.

[14] ¥, T/, B9, 4. IRILNZRXT G2 i f5 9 57 SB35 H A3
WML ] hae s 5 R ALK, 2016, 38(8) :587-
590.DOI;10.3760/ cam.j.issn.0254-1424.2016.08.007.

[15] Billinger SA, Coughenour E, Mackay-Lyons MJ, et al. Reduced car-
diorespiratory fitness after stroke: biological consequences and exer-
cise-induced adaptations[ J]. Stroke Res Treat,2012, 2012:959120.
DOI: 10.1155/2012/959120.

[16] BT, 250, B, 45, w2 JIL PR i 30 ST 18 P REL 28 P 5 e
SRR [T]. AR SR A, 2017, 39(1) :21-24.
DOI:10.3760/ cma.j.issn.0254-1424.2017.01.005.

[17] PR TRNTM AR ST I R 1 00 s e L P M s £ 25
FDIRERISENA [ J]. A BB 2 5 R Z¢ak, 2011, 33(10) ;
788-789.D01:10.3760/ cam.j.issn.0254-1424.2011.010.019.

(&1 H 11:2019-03-12)
(AR SCHhHE - Bt )



