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(FBE] HOY b7 B0 A2 0P B 13 ( neuromuscular electrical stimulation, NMES) %} &
PEEE E R IR R (severe acute pancreatitis, SAP ) & 3 & M M W & 38 275 & 1iF (acute respiratory distress
syndrome , ARDS ) [ JILIA ) o (e RES Jmy IS AR 16 B RSG50 . i A 2022 4F 9 ] 32 2023 4§
8 H A H PREEFF 4B s o — BE Bt B B2 22 B S 22 TR R AR XA SAP 531 ARDS 12Ky (8 %
75 1, R IBENLECT 200500 AL B 31T 43 2H : NMES 4 (n=37) FIXF R4 (n=38) , HE VAT 1t Ft vh
FET 8 ) i BE 3 B Al ENRYT S B, Al 59 il ik NMES 2 29 f3i] % HRZH 30 44, NMES 4
MICU ARt 48 h JFI , 755 MURE S BEfili B&AMT NMES 3897, 1825 7 d, 5K 1 h, E R B I ICU 5
PR AN 3 R S RS SRR O 1k o W IRA HEA T W LR SR IR YT o TEIRIT A G , PPl 1CU BRAME
55 (ICU-acquired weakness, [CU-AW ) & 4= 3% ; 22058 2% 51 25 L 1 PE43 ( Medical Research Council-score,
MRC) ; HL Ao 38 i 8] ICU A3 Big i 8] 5 A% Be i )5 g UL 3% 2 B2 L R WL JRE B2 B2 I JUL 34 )% o3 %k
(diaphragmatic thickening fraction, DTF) ; it/ & H B 528 1.3.6 > A RIEHR K Barthel B B FE S 1F 0
(Barthel Index, BI), &5%¢ NMES 2H /43 ICU-AW %A= %K T-%F BEZH (P<0. 05) 3 ) ICU W) FJi% T %
MRC 43 DL K MRC G334 8 T X BRAL (P<0. 05) s NMES ZH LA i a] ICU A3 Be i ] G A3 B s
[ PR T X IR (P<0.05) o 2 B HE eG4 1 ) Barthel 5 FLRE S IF 3 22 5 L Ge i1 8 3 (HER
3.6 1~ H Barthel F3REJIFS3 NMES 21 5 FXf B4 (P<0.05) . 2 18 H A4 K ICU 2K B
MR MRLE 2 B2 IR WURRE IR LG S 500 W] 8 28 55, i BEfE 2 1.3.6 S A ARSER LG it 2% 25 7o
g5 NMES B R AR T AT 86 SAP 53 ARDS [ LA g & e de AR Be i (8], IF 7T RE e s
AT BT (EORTIR L RE FNBE T 2 TC W] b 5
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[ Abstract | Objective To evaluates the impact of early application of neuromuscular electrical
stimulation (NMES) on muscle strength, clinical outcomes, and long-term quality of life improvements in
patients with severe acute pancreatitis (SAP) complicated with acute respiratory distress syndrome ( ARDS).
Methods A total of 75 patients diagnosed with SAP and ARDS admitted in Department of Critical Care
Medicine of our hospital from September 2022 to August 2023 were recruited and then randomly divided into
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NMES group (n=37) and control group (n=38). After 16 patients were excluded, including 8 died during
treatment, 3 discharged and 5 received palliative care, there were finally 29 patients in the NMES group and
30 in the control group. Within 48 h after ICU admission, the NMES group received NMES 1 h per day, for
7 d in addition to standard rehabilitation intervention. While, the control group were given conventional
interventions for rehabilitation. Assessments at baseline and post-treatment included the incidence of 1CU-
acquired weakness (ICU-AW) , Medical Research Council (MRC) score, duration of mechanical ventilation,
lengths of ICU and total hospital stays, and activity, thickness and thickening fraction of the diaphragm.
Mortality rates and Barthel index (BI) for self-care ability in 1, 3 and 6 months after discharge were recorded
for follow-up assessments. Results The NMES group had significantly lower incidence of ICU-AW (P<0.05),
higher upper and lower limb MRC scores and overall MRC score at ICU discharge (P <0. 05), shorter
durations of mechanical ventilation, ICU stay, and total hospital stay when compared with the control group
(P<0.05). There was no statistical difference in the BI at 1 month post-discharge between the 2 groups, but
the indexes at 3 and 6 months were notably higher in the NMES group than the control group (P<0.05). No
obvious differences were observed between the 2 groups in terms of diaphragm activity, thickness, or
thickening scores at enrollment, ICU discharge, or hospital discharge, nor in mortality rates at 1, 3, and
6 months after discharge. Conclusion Combined NMES and early rehabilitation therapy can improve muscle
strength and reduce length of hospital stay in SAP patients complicated with ARDS, and may enhance long-
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term quality of life. However, it does not significantly affect diaphragm function or mortality rates.

[ Key words ]

neuromuscular electrical stimulation; severe acute pancreatitis; acute respiratory

distress syndrome; 1CU-acquired weakness; muscle strength; diaphragm

Supported by the Project of Science and Technology Research Plan of Chongqging Education Commission ( KJQN202200413) and the Joint Project of Chongqing

Science and Technology Commission and Chongging Health Commission (2023MSXMO037). Corresponding author: ZHOU Hengyu, E-mail: zhouhengyu @

cqmu. edu. cn

2 M E IR R (acute pancreatitis, AP) J&—F 4 L
BAE , TR AP [ BT L N B4R 34 /10 TN,
Hr 2y 20% 1 AP 5835 7] 68 & e oy 2V T R IR 48
(severe acute pancreatitis, SAP) . SAP 3 & 15N
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( ChiCTR2300068995) . Jirfg & M e U HE N 25 %
T ORISR . N PASS 15. 0 SR EAEA & i,
¥ a=0.05,8=0. 10 {K4EHH SRR, % R4l
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BERL R IR 26 — BE e AT B A BRI 202 UE B 24
XUWia 1) SAP 53 ARDS [ 75 i, >R FHBEHLECF
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A REALEC T % TR, 2 A2, BEA LI 7 5
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59 Bil B B N AGETH (X B4 n = 30, NMES 4.
n=29),

1.2 #AARA

DAL =18 %/ ;QABEi ] =24 h, ABEH[HE] 48 h
WiZW A SAP 5 3F ARDS, #4747 B ML AE “THY 24 5
@UAZAEFES @ A 2% AT 58
BRI RS 54 .

AP IZIKFRE : £ 5 Th AR B A 2R 0 23 TR A1
FLA2H 2021 48 %A 1) CRvE R IR S 12 Wi bn o) | £ 45
PATR 3 i (D b &R 7 2 1 0 5 () I35 3 oy I A
(=) BE 7 e B v T IE R ERRAE 3 £ @I 182
K4 R WR TG AP AR F U, ik 3 TiksiErh
6 2 WRIATIZ KR AP,

SAP ZIMARE AT 2012 ARETT YL AF 22 K02
#: (revised atlanta classification, RAC)"™ | B¢ P 3)fE
BRI I2 Wb o 3k T2 R Marshall P43 R 55, (4 25
BEITIr =2 53 e A B DI RERERS .

ARDS 2 Wi : £545 2023 4F 6 H BRI G E e =
2> ( European Society of Intensive Care Medicine,
ESICM) ARDS 2 Wirbsfie "™, BV ]l 2 LU 4 990 %%
PF:OUIFRTERE S 1 300 vk sl e 0 (R
M QBT X 7 Fr/CT s WU I 52, ASRE 6 42
JFH N P RO it/ 4 Js AN 5 R 45 755 5 i R s DI
AN AR 5 4 10 ) v R AR B o R A R D AE
PEEP m§$5£2/< 38 1F JE 1 <, ( continuous positive airway
pressure, CPAP) =5 cmH,0 &4 T, A& 1840 ( Pa0,/
FiO,) <300 mmHg,
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FREIRIT T %, WAALERIZ 8iR T (kg shis 3h &
G s PRI ZE IR 55 A LI 25 b S I R4 ) AL
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MRC $-43<36 J3if, 87 th B E LA TC ) o %1
B RIS AR B 250 , R e R ] 17 T

Barthel F FEE /11F4) ( Barthel index, BI) J&—fb
FIFVEAG s H W R imshae £, e mE Y
FVEY7 I MAHONEY A1 BARTHEL T 1965 4E 71 %, i%
RRGE S LT 10 A H R 3l #E TR S VR
FEAC T I/ IME sl HIW BT R A 5 7% ATk TR
BRFIVESE . B3 I000E S AR I 8 2 50 U 3 1Y BB 1 43 )ik
V803, PO B3O 100 43, PP, AR B BEAE
g S

HE LI & . {6 H] GE-Venue 32 {8 2 % i) 1 7512 Wiy
A, MBSk C1-5-RS, #4534 1.4 ~5. 7 MHz, &%
3k L4-12t-RS, #3640 3. 4~12. 6 MHz 47 G LR
FERGAY o B TR S, AT N = U R A AL R AL
EE, B AL JE 4 8 ( diaphragmatic  thickening
fraction,, DITF ) 3 - W 5E IR L €5 1 4 A A
R . AR IR = O
JLHEE A JEE B — I JULIR A SRR JEE ) /I JUL A< AR JBE JE
100% . R JULTE 3l B2 At 4 1 FILAE W =ML 4 P 2ot 1) oz
B TR AL 3 AP S S, O N A
R (AR AR (R IS A5

MRC P43 Barthel H BERE PPt | 5 AZ
SR R IA YT IR T IR L 75 A Al AR AS
5iE # 7 UF 28 4 ( Critical Ultrasound Study Group,
CCUSG) E5 Il A% () FAE B I R A7 R 4, bl A5 B B
U AT SR B A A T A2 S PP A , LA DR 2 A i 2 5 AL
BB N B] TCU AT g of 18] S e B 8] 3 st [ Ja5t s
PAG s EAEF MGG 5 1.3.6 > I JL 3 1 Barthel
HILRE 11V, B2 S0 0L e W T R s Bl , 8
it K@ AT 3K A5
1.7 %it o

fdi 111 SPSS 22. 0 G it , 1 & BRI W 2 1
BT R xts FoR, PRALA] FOBCR ST AR A « A
B A NG E FCBER F N ¢ R, K AN 2 1R 54
A, R M (P, Prs) 7w, P4 [H] b %k AT Mann-
Whitney U 55 ; 058 R I (%) 2w , 4] F A
RHIX? KB, P<0. 05 FoR 25 53 BA G240 Lo

2 H#R

2.1 BHEAZAFIE

2 A B — TR L 22 T TR S iR B X, B
ZH [B) HA ¥ a] B, Wk 1
2.2 241 ICU-AW % & &bk

NMES 4 ICU-AW %A= 2874 10. 34% , % B 4H 1CU-
AW AR Hy 33.33%,2 40] ICU-AW &= R L%
FEAGE L (P<0.05) , L3k 2,
2.3 2% % ik MRC #%4- . F B MRC %4 \MRC

R 4 R 1) A L

24 BB AN ZER LG T, ICU 4R
NMES 4 I ff MRC ¥4 Ky (25. 45+£3.39) 4, F %
MRC $E43 K (24. 83+2.49) 43 ,MRC #3E43 4 (50. 90+
5.23) 43 ,NMES 4350 TXF R4, 2 5 A gt +
N (P<0.05), L33,
2.4 2 AR AuAE A BF R) (ICU 4R B B 1) | B A% B2 B

8] tb i

NMES 20 L8 St 247 (8. 38+1. 76) d, ICU 4%
Bemstfa] A (11, 62+2. 19) d, 2443 e i 8] A (20. 24 +
2.61)d, KT XL, 2 A b 22 55 A Gt
Y (P<0.05), i3 4,
2.5 2 MRRILESE RGBT 1R T AL L

NMES 4 AZ14K ) ICU 25K |t Be 4 R I L
AR (1. 60£0.19) (1. 71+0.26) (1. 76+
0.29) em, G LE EE 4> 3/ (1. 99+0. 25) . (2. 07 +
0.29) .(2.08+0.37) mm, Jf L34 JE 43 K50 43 53] A (52. 45+
5.49)% (51.14+5.62)% . (52.74+6. 86) % , %if IR 4]
ALY K ICU 252K BE 2 K s WL 20 B 5351k
(1.57+0.27) .(1.6020.35) .(1.65+0.39) cm, fEILE
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BEA R (1.98+0. 26) L(1.99+0.31) (2. 00+0.41)mm,  6.98)% .(52.25+6.81)%. 4% A B LIS 2h 5
AR UL 185 RS 50 %043 0 O (51. 83 6. 41) %, (50. 98+ WUSSE AGALIEIE %0 2 4 i 22 R 08 2: 7

R1 2HBEELTBOW [41(%) 525, M(Pos,Prs) |

LY NMES 4 (n=29) B2 (n=30) X*/1/z I

PE5 0. 141 0.708

5 21(72.41) 23(76.67)

&L 8(27.59) 7(23.33)
AL/ B 47.52+8. 62 47.53%7.56 -0.008 0.994
K/ kg 73.62+6. 34 75.33+5.78 -1.085 0.282
B /em 169. 97+4. 90 169. 73+5. 64 0.168 0.867
BMI/ (kg/m?) 25.51+2.28 26.24+2. 65 -1.121 0.267
Lo#/ (YR/min) 115.17£15.96 113.77%19. 16 0.306 0.761
Wi 4 i/ mmHg 131. 14+18.95 137.3+15.74 ~1.360 0.179
&F 8K/ mmHg 80.21+11. 44 74.8+13. 65 1. 646 0.105
A 93. 66+4. 83 94.00+3. 34 -0.320 0.750
JiE [/ em 101.93+6. 78 100. 37+5.22 0.995 0.324
i N ./ emH, O 15.91+3. 80 16.10+3. 00 -0.213 0.832
Marshall $£-43/4) 2(2,4) 2(2,3) -0.479 0. 632
A41M4K APACHE T ¥E4y/4r 19.07+4. 59 18.93+4.70 0.112 0.911
ALK SOFA ¥4/ 4y 9.66+3.51 9.67+3.51 -0.013 0.990
& BT 7 0.165 0. 685

%5 23(79.31) 26(86.67)

= 6(20.69) 4(13.33)
ARDS 4 0. 849 0. 654

R 16(55.17) 13(43.33)

rp e 8(27.59) 10(33.33)

i 5(17.24) 7(23.33)

®2 2HBEICUAW ZERELE [4](%) ]

21 5] n F KA ICU-AW KA ICU-AW e P
NMES £H 29 26(89.66) 3(10.34) 4.536 0.033
X HRZH 30 20(66.67) 10(33.33)

£33 245F FE . TR MRC ¥4 MRC 2iEHFER B ZLIER (4 ,5+s)

MRC 353 il n AR Hi ICU 4K t P

_EJi MRC 343 NMES 41 29 27.00+3. 49 25.45+3.39 5.395 <0.001
Xt B2 30 26.13+3.09 22.90+3.03 17.028 <0.001

t 1.010 3.047

P 0.317 0.003
T MRC 343 NMES 24 29 26.07+3.09 24.83£2.49 3.238 0.003
Xt B2 30 25.83£3.53 22.47£2.00 5.526 <0. 001

! 0.272 4.022

p 0.786 <0. 001
MRC E3FE4> NMES 24 29 52.45£6.71 50.90+5.23 1.065 0.296
X R 2 30 49.87x6.45 48.30+4. 67 1.624 0.115

! 1.507 2.014

P 0.137 0. 049
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R4 2ABEVMESHE ICU EBTATE | S ERME S (v+5)

il n HUR e i 1]/ d 1CU fEBi i [A]/d AMEBERT R]/d
NMES 44 29 8.38+1.76 11.62£2.19 20.24x2. 61
X AR 30 11.47+2.19 15.80+2. 04 21.932. 60

t -5.950 -7.578 -2.493

P <0.001 <0.001 0.016

2.6 2 21 Barthel § 32 4% /3% 4K Bt ] T AL AL
NMES 25 F1%f BEZH AN [m] B 7] 5 L4 R o, 2 41
[B3% Barthel HILREPFA R BE S 1 A H 22 7 LG+
B, tHBESS 3 /4~ NMES 41 Barthel [ #AE F11¥-53 W
(87.75+6.79) 41, i Bi)5 6 1~ NMES 4 Barthel [ 2
Ae1PE4> R (89.917.92) 4y, ¥y F Xt B4, 25 5 A
BB L (P<0.05) , ARSI b Tt Wk 5,

x5 WHE/E 2 HEE Barthel BIEEEH TS FER E L

1R (xxs)
A5 n 14~A 34H 6 1A
NMES 4] 29  79.12+5.67  87.75+6.79" 89.91+7.92*
X e 30 79.27£5.46  82.92+5.93"  84.91x6.67%
t -0. 100 2. 655 2.293
P 0.921 0.011 0.027

a:P<0.01,5 1 /4~ A vk ;b P<0.01,5 3 A A 14k

2.7 2MEBERRERLERER

WIS 1.3.6 2, NMES 41 i %95 58 %43 7]
1 10. 34% 17. 24% 24. 14% , 5t BE 2] 5 395 AE SR 43 3]
5 13.33% .16. 67% .23. 33% ., 4%} [a] B 48 K 2 40
BT VS oy s
2.8 NMES 41 % % T it Jd)

NMES £ /8 # 4% NMES f#) 1 #i fisf ] > ( 10. 98+
5.81)d,

3 itig

PR SR, G IR G I ARDS [ SAP 11 60 d
FEHE 4y ) 37, 62% F1 6. 409%™ | F ] ARDS X}
SAP W5 & R 2, MR H A& A 98 1k 3% 32 B
SAP 57 ARDS 2x45i F LA B &, {H SAP 1 ARDS 43
BTG L PR 5 2 RO R AT A 0 e ) R 3R, —
5T 3R, SR R 58 55 LB AL A UL PR 080 AR 5 1)
XM, SEUR SRR R 1 iR TREE

U R BT R WY, 5 00 IR A L, SAP 277 5 1Y
SF-36 PFI WL FEAIG, ol = AE AL 22 B AR D A — i
file By 1T

CAMPOS 210 fy i 5% 2 W], ) B i 17 300 37% 5 A
[, NMES B4 L3 shfe ks 0 B F AR A 4
A Be it ] & 9% 20 ICU-AW [ % 4. OTHMAN %>

WESE R, 55 H NMES F15-9 0K 1730 30 0T 32 7 R
BT LA &, W7 1R T ICU-AW , 45 T HLA G R

ICU fEBzif ] . NAKANO 25" py 5 v fifi i CT Ao i
JWUAFR (femoral muscle volume, FMV) 451 2% vE£7 374 ,
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