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Effectiveness of neuromuscular electrical stimulation combined with swallowing training for dysphagia after
acute ischemic stroke

YUAN Hui, YU Long-juan, XIE Shan, ZHA Yi, DENG Ben-qiang, WU Tao’
Stroke Center, Changhai Hospital, Navy Medical University (Second Military Medical University), Shanghai 200433, China

[Abstract] Objective To explore the effect of neuromuscular electrical stimulation combined with swallowing
training for dysphagia after acute ischemic stroke. Methods A total of 104 patients with dysphagia after acute ischemic
stroke receiving treatment in Stroke Center of Changhai Hospital of Navy Medical University (Second Military Medical
University) between Sep. 2013 and Sep. 2016 were retrospectively enrolled. According to the treatment method, the patients
were divided into treatment group and control group. The 73 patients in the treatment group received neuromuscular electrical
stimulation combined with swallowing training, and the 31 patients in the control group received conventional treatment.
The change of water swallow test (WST) score, pulmonary infection incidence and gastric tube removal rate were compared
between the two groups. Results There were no significant differences in gender, age, baseline WST score or hospital stay
between the two groups (all P>0.05). The WST score after intervention was significantly lower in the treatment group than
that in the control group ([1.39+0.85] vs [2.71£1.16], F=17.236, P<<0.001). The decreased WST score was significantly
higher in the treatment group than that in the control group ([2.60£0.89] vs [1.2940.46], F=19.910, P<<0.001). The
incidence of pulmonary infection was significantly lower in the treatment group than that in the control group (20.55%
[15/73] vs 64.52% [20/31], *=18.840, P<<0.001). The removal rate of gastric tube was significantly higher in the treatment
group than that in the control group (52.05% [38/73] vs 25.81% [8/31], ’ =6.078, P=0.014). Conclusion Neuromuscular
electrical stimulation combined with swallowing training can improve swallowing function and reduce the incidence of
pulmonary infection in the patients with dysphagia after acute ischemic stroke.

[Key words] neuromuscular electrical stimulation; deglutition disorders; swallowing training; acute ischemic stroke

[Acad J Sec Mil Med Univ, 2018, 39(9): 1052-1055]

[KFBHEI 2018-07-27 [EZHH] 2018-08-18

[BEE£mB] iR T s R 50 H (14401970304). Supported by Key Program of Technology and Innovation Action Plan of Shanghai
(14401970304).

MEREMT] = %, HEIRIFIN. E-mail: sallieyuan@]163.com

"l {55 (Corresponding author). Tel: 021-31161940, E-mail: twul63@163.com



B g, FE. PRAJILA RO SRR IR T S PRSP A S A IR RS AT e 1053 -

IR 27 R 3 A P I ) P N, S
A B AR I BRI A A ik 62.5% . AR
JEAFRRE G A R EURE K . R, HEER .
T2, KIMEMNREEFETRER A . BFRAR,
ECERPERIERGY, A RN R RS, XTIk
E R RREAR T A (0 AR 0 e gt M i 4 2
e OLRIIRAE AR, ORI IR By T A W R,
HEZ M RrT . INRIDIRERERS, dw SE 2L
PG AT s SRy A I RS AT LA
PRI F E SRR RN, AH LR AW
IIREMIMAE . A2 A AR A A T A R A i
ARSI — IR RR . Ik, AT A
PR o A T B e BA B B S

1 JRFTTE

L1 ARt % BIEEIELEA 2013 4F 9 H =
2016 4F 9 AT ZEZ R R (B FERY) K
T % e ik 0L /5 TP AT e TR 7 1 AP SRl P ik A
JE AR RER R . AARRIE: (1) il 18~85
%5 (2) &9 3 d WHBIERBA (magnetic
resonance imaging, MRI) K#rHfi2 h 2Pk sk i
WA (3) Aok oot g, 3K
KR (water swallow test, WST) 1F4r=3 45

(4) #priraf Bk 3R (Glasgow coma scale,

GCS) Wl 13~15 43, RERSICH SEOPAL AR
J7s  (5) MEERITHIEI =5 d; (6) HIBEIFE
BRI E. HEBRARAE: (1) AT E AR

PSR bE ;s (2) AR, sSU8AH
B OMES s (3) IRITERALAT B IRAE R .

Yok ARMEIE AR (B B R )
FE I g PR 2R AR B B 2L

1.2 BFR 7k

1.2.1 IR ERkE RN BEMER . FiRE
NOGEF2EAE 8, SRR . BERE . O ish
SERN ISR GRS I, MRI EME FARSEAEA B[R
g Bz A (B8 ) R Rz BN L BERS X, T
INIET, SRITITFUA RN BE R WST $E4Y, ik ts
oL, FRE N LA BEREL

122 2458957 7% HIRIT b B ot
WA AR AL, XA Thuim /e . M. B
Wi BRI BUEESEH MU SR NEHAYY , 1RYT 4
5 R I N RHAYT B T 257 sh 2L LA FUf

MIEA TG . (1) ML B RIEATT
KM VitalStim W8 DI REFEAFIATTAL (TR ar =
JPASAT PR AR | B e WU AR AT
B, DM B3R E, AR 80 Hz, HLIREE
H14~20 mA, HFRIGIF 1K, FIK 20 min; F
BRI VA, X HE AT RE I, DA
Bk iz shiEl . NN ZEDE . S R
WG, (2) HFE: OHIIEWE: T AW
AR B 3 05 AR 1) )5 3z shi il e, 2 1Al
Al 5% B ARV I B YIRS R EEE R R
AR B A S . @Mendelsohn FMREE . H it
e sha T LA SRR U R 5 58, KA
WHEFR], SRR, SRR IR R RN . BT
T BT A L 2 Fhaik . &G
BIFALT 54, TG dfkh, BEWARLEE
oK Z IR R RME, S IEIRYY s Wk AR AR
WAIE FARSRTT, 5 B Ik

123 WA WBIGITHE R WST 3455
Ak R R AR B EREE . WST T
VAR R A WA i i ™ SRR, Ui AR B AR o7 )
FM, K 30 mL 7K, ARFE KM 0217 50 K ot
] AR B P 1~5 43 —IRIMiE, i
014 2K 2 R EMESE, TOMZIE 2 435 —ik
MR, AIEIZIC 3 755 2 I 2 IRV EIE5E, AMEn%
044 ZWEENY, HABEK/KEIEL S 7.
1.3 %itseaz® R SPSS 19.0 F/F k74 112F
GHTe BIESSMIITHREIRLL 45 TR, g
FLER TR USR] ¢ K250, A ERFEARAY FL R
T 2250075 THECFERHMGECRT 5 38,
HHBER o K. KB KiE (o) 4 0.05.

2 &% R

2.1 WABRFRLTA G A SQomE sk M A
WS A I B R A L 104 1) XA 31 4],
5 20 il 2 11 Bl ARl 38~85 &, IR
W (69.45+11.24) %, JRITH 73 ], Hp
5141, 2 22 fiil; 44N 32~85 %, SEIAFEIRE K
(63.82412.93) %, PIZHAEAERE . P, Sk
. BP0 DrEsl . REEERA . SR E S A
WIE A %% ( National Institutes of Health stroke
scale, NIHSS) 1743, 2k WST 45 B K&
S TGEEE L (PH#>0.05) o WE 1,



* 1054 -

BOFEERFFM 20184E9 H, 39 %

R 1 ATAMMRASERNEKRESFERESBEELTR

Tab 1 Baseline data of patients with dysphasia after acute ischemic stroke in treatment and control groups

Index Control N=31 Treatment N=73 t/y* value P value

Age (year), Xt s 69.45+11.24 63.82+12.93 2.064 0.154
Male n (%) 20 (64.52) 51 (69.86) 0.287 0.592
Hypertension 7 (%) 25 (80.65) 55(75.34) 0.345 0.557
Diabetes mellitus 7 (%) 14 (45.16) 30 (41.10) 0.147 0.701
Atrial fibrillation 7 (%) 5(16.13) 13 (17.81) 0.043 0.836
Infarction area n (%) 1.801 0.615

Cortical/subcortical 2 (6.45) 3(4.11)

Basal ganglia 15 (48.39) 44 (60.27)

Brainstem 10 (32.26) 21 (28.77)

Cerebellum 4 (12.90) 5(6.85)
NIHSS score x+s 7.23+£3.90 5.52+3.46 0.798 0.374
Baseline WST score x+s 4.00+0.93 4.0140.84 0.329 0.567
Hospital stay #/d, x+s 13.90+3.02 12.164+2.69 0.061 0.806

NIHSS: National Institutes of Health stroke scale; WST: Water swallow test
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Tab 2 Comparison of therapeutic effect of patients with dysphasia after acute ischemic stroke

between treatment group and control group

Index Control N=31 Treatment N=73 F/y value P value
WST score at discharge x+s 2.71+1.16 1.39+0.85 17.236 <<0.001
Decreased WST score x s 1.2940.46 2.60+0.89 19.910 <0.001
Pulmonary infection n (%) 20 (64.52) 15(20.55) 18.840 <<0.001
Gastric tube 1 (%)
Baseline 19 (61.29) 49 (67.12) 0.327 0.567
At discharge 11 (35.48) 11 (15.07) 5.437 0.020
Change 8 (25.81) 38 (52.05) 6.078 0.014

WST: Water swallow test

3 i

i 7 i i A MR A R R s i 2 e g A R
H A TG R, T AR B e B AU 3 i 3~
7%, FECRE AYAE B A K fd BRI
201 WSR2 37% A AE S A T R
HRt g, Hod 3.8% BYERE WIR A M AHEZ &
MR B RHIAT R AT SETRUR . Stk Blf PR A= 5|
R OERS ] S S Y SN ) a1 4 Il AN T
P00 B s A MO A 1 0 B 55 AR A0 A > 3k 1 T
PR G, I RE R T AU BY A I D RE A Pk
PRI, X T 2B A A R A T A R
IR A T R IR R TT -

2 JIL PR R RIS 3 T I A T s A M R A

— PR BT O v, G o H R T LA i
R VSN 1 = ol )| 5 3 1 S B =g
Bk B, AR AR AU A
T 0 W B A a2 JUL PR e ofl i ok R i
FEL A 1) JUL PR A% 328 FEL B0 5 ik 28 2 A Rl A LA 52
PP, 3 A H R A1 JEIE sl 48 S
JULPRY %) [ ik fi P 20T 2 P 2 S g L 4
L REL IR €7 e g s W (1B || O I -1
ik el o ) D) A LA s T A i R
Mendelsohn FFHHILHR)E TAGERI ik, WAy
LA B B B FE T3 A8 2 e A B e A
GRGEEERI A G, 3G R A B s B
PhEbE, hEge kAR

A W B A 1 B T i . LR E 90 5



B g, FE. PRAJILA RO SRR IR T S PRSP A S A IR RS AT

* 1055 -

HEMR e, SERK TR DI A
SRRFIE)TT, TR L PR E SRR A AR R R T T L
TsEAF AR SR DI RE ISR, Mmide s ki) . i
WL R SR — RS A B 2=
SEIE, BRI H T SR IR, R
W — RIS AL . AT — IR LRSS
W, WIRTRES RN RJG S, S s . A
(R A RS, (e RE R BRE  H AR TG AR
T, I ELAE I RS R i A A O B RS
RAM. IEWIRER—FseEsh, LRUHE AT
SH RN BB E IR, IR A
IEH AL AR, R T R kel RS
HAE AR, (R AR R AT, ™ E R R
B AT R B O EERE

RIFFELER R, BT 2 LA R A
BHZIAIT B IRIT I WST 14 K15
BT IRAL, 1Ry AL B R R A R AT N R
4, HERBREARS TR, 2RYERHT
RN (P 9<<0.05) o Ud AT HE LA
BCAEMRIEIATT, BB & A AR ) XU KK
A, B BB I 3R i e Rt T R 0eAh, K
AR AT R A T REAS 2 Bk, IRIT IR IR
KNz el E PRI AR T O . R H kB E e
W B IR R KO AE, LR R H . R
HEESREE S R REm S R0 2% &
FSCAERTR T, BRI S R BE 2 3F i d
R IR . ABFS e — E B R R
(1) HFRIEBERFBITZ L, mikE
H TS MR 2L BE S s R s (2) K
FEAERCEBOIIEA T/ AL 5E, Wi i P i A 5
PRy L R BRI 15 5 7 IX e A e i A o 3 o )
PEBR BRI R RO AR, B DO NG R
Jo R B ST et P B A v 4 2 S EOR R R B () 7
WHREERS s  (3) R4% NIHSS ¥Eor vt E 140443
BT, NIHSS PF-45 2 0l 4 v 2 A B A 14 7 57 1 B
NZ, M2 hRb s Y ™ AR i R s

ZE TR, b2 LA R S A A T S R
BRI 2P BRI A A v B B TR IR R A, BRI
B B R Il e R, PR m H AR, W
R, IR RLH MR, FE R . R
23, AEASHIE RN AT

(2 % 3 #)
(1] AP BT R i« S 1L, R B3 115 92k

A B PRETF R D) RE AL [J]. A Fip 5 5
#2,2006,12:282-284.

(2]

(3]

(4]

(3]

(6]

[7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

KUSHNER D S, PETERS K, EROGLU S T,
PERLESSCALLOLL M, JOHNSONGREENE D.
Neuromuscular electrical stimulation efficacy in acute
stroke feeding tube-dependent dysphagia during inpatient
rehabilitation[J]. Am J Phys Med Rehabil, 2013, 92: 486-495.
SEAHAR. FFIHRERRIEAL SRS IM]. JEat AR TR AR
#£,2009:456-458.
HAACKE C, ALTHAUS A, SPOTTKE A, SIEBERT U,
BACK T, DODEL R. Long-term outcome after stroke:
evaluating health-related quality of life using utility
measurements[J]. Stroke, 2006, 37: 2218-2219.
SINGH S, HAMDY S. Dysphagia in stroke patients[J].
Postgrad Med J, 2006, 82: 383-391.
DOGGETT D L, TAPPE K A, MITCHELL M D,
CHAPELL R, COATES V, TURLELSON C M.
Prevention of pneumonia in elderly stroke patients
by systematic diagnosis and treatment of dysphagia:
an evidence-based comprehensive analysis of the
literature[J]. Dysphagia, 2001, 16: 279-295.
CHEN Y W, CHANG K H, CHEN H C, LTIANG
W M, WANG Y H, LIN Y N. The effects of surface
neuromuscular electrical stimulation on post-stroke
dysphagia: a systemic review and meta-analysis[J]. Clin
Rehabil, 2015, 30: 24-35.
PARK J S, OH D H, HWANG N K, LEE J H. Effects
of neuromuscular electrical stimulation combined with
effortful swallowing on post-stroke oropharyngeal
dysphagia: a randomised controlled trial[J]. J Oral
Rehabil, 2016, 43: 426-434.
KIM H, PARK J W, NAM K. Effortful swallow with
resistive electrical stimulation training improves
pharyngeal constriction in patients post-stroke with
dysphagia[J]. J Oral Rehabil, 2017: 44: 763-769.
OH D H, PARK J S, KIM W J. Effect of neuromuscular
electrical stimulation on lip strength and closure function
in patients with dysphagia after stroke[J]. J Phys Ther
Sci, 2017: 29: 1974-1975.
DOUCET B M, LAM A, GRIFFIN L. Neuromuscular
electrical stimulation for skeletal muscle function[J]. Yale
J Biol Med, 2012, 85: 201-215.
Hh ] A A A B A PR A SR T e IR
v M B AP 53607 L R Q2017 05 5
Iy RIS R B[], th AR A 5 R R A
73,2018,40:1-10.
SUN S F, HSU C W, LIN H S, SUN H P, CHANG
P H, HSIEH W L, et al. Combined neuromuscular
electrical stimulation (NMES) with fiberoptic endoscopic
evaluation of swallowing (FEES) and traditional
swallowing rehabilitation in the treatment of stroke-
related dysphagia[J]. Dysphagia, 2013, 28: 557-566.
JANG S, YANG H E, YANG H S, KIM D H. Lesion
characteristics of chronic dysphagia in patients with
supratentorial stroke[J]. Ann Rehabil Med, 2017, 41: 225-230.
[AX4EE] ML



