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[Abstract] Objective To summarize the best evidence for diaphragm rehabilitation in mechanically ven-
tilated ICU patients with ventilator-associated diaphragm dysfunction based on evidence-based methods. Meth-
ods A systematic search was conducted across guideline websites, professional associations, and Chinese/
English databases for evidence regarding diaphragm rehabilitation in mechanically ventilated ICU patients. The
search timeframe spanned from database inception to December 31,2024. Two researchers independently per-
formed quality assessment and synthesized the evidence. Results Twenty articles were included:2 clinical de-
cisions, 1 guideline,2 evidence summaries,3 systematic reviews,7 randomized controlled trials (RCT),and 5
expert consensuses/opinions. Twenty-seven pieces of evidence were formed across 6 themes: rehabilitation
team,rehabilitation assessment, rehabilitation interventions, outcome evaluation, precautions, and education/
training. Conclusion This study summarizes the best evidence for diaphragm rehabilitation in ICU mechani-
cally ventilated patients. Healthcare professionals should implement diaphragm rehabilitation by integrating
this evidence with specific clinical contexts to improve patient outcomes and enhance nursing quality.

[Key words] intensive care units;diaphragm;mechanical ventilation;evidence summary;rehabilitation

LA S S B IE W5 P98 b7 (intensive care unit, ( ventilator-induced  diaphragmatic  dysfunction,
ICU) 4 = EIPR T FB A PGEERBNL - VIDD)™ . VIDD H 37 HLMGE SR 1 (=18 b, HL
WLT3 B it 35 B W L 25 48 & A 48 40 B 25 4, a0 i i LG 3 A 2 I o R AT YL 63 %0 ) fE
SO B I WL 3 i1 0 B I 18 B KR OGBS L Zh RE R AT SR FEIRHLEE A7 #E VIDDS 1 S 3 A WAL e

& JE{EE# ,E-mail: xhicuhhy@163. com.



1680

JILFE f& FRE fB & I LA B 4 3 2L 2. VIDD
& ICU B AL IR ME ) B 2 fa b N 2, 5 AU <)
[B) JICU 3 Bie B ) 38 Jonn s £ B 6 T2 2 T 15 55 R R IR
g RSP AR T VIDD | E = A %0 B A T
B, RS T PRE B0 AR 0 IR L) B VT ) e L A2
SR ML L e R TS (EE LR A2 A% S B E B
BT Gk 2 AR AN TG IR S B 48 L oA
SERES T ICU HUAGE <R IR WLRE & 1 S A TE 4 , A
1A ek PR T & gk FIL B 52 4 (R AR 3
1 #wREFE
1.1 #EHE A

KA PIPOST T H #5741 UE i) B, (1) 3iF 448
I3 A (population) « 4F i =18 Ji] % 1y ICU HL AR
KEBHE; (2) T Wi (intervention) : £ 45 i WL T 58 +F
Aili B2 RS P07 ¥ IR o 2 SR 9L R I I L LA T
455 () W HIEYE &l A B (professional) : B 4 5 2%
BHAH G B4 N B s (4) 5 ]y Coutcome) : i L 2 fE
VIDD % A= & AUAGE < ] TCU AE: B i 8] 45 5 (5) 3IE
P 0 1 3 B (setting) « HAE e 979 B 5 (6) ik 4l 28 AU
(type of evidence) : Ilfi PR ¥R 5 L UEH5 B 45 8 M . R 40
PEM . B ML XF B8 3 36 (randomized controlled trial,
RCT) . EZILP/ZIW ., AR C AR B KFIEIEY
B b 58 ROE M GRS . ES20246462)
1.2 kR

B FUEE 4 F I “5STBAYY AR KK &K : UpTo-
Date ,BM]J Best Practice, % Jik i . E Fx #8 /4 U 7E ™
(Guidelines International Network, GIN) . 75 #% 2% Bg
Fr48 B P (Scottish Intercollegiate Guidelines Net-
work, SIGN) 9 [ [6 5¢ T A= 15 i JR AIE A6 F 5 e I
(National Institute for Health and Clinical Excel-
lence, NICE) ., 3¢ [# # JF & 2% & (Society of Critical
Care Medicine, SCCM) | B Yl FF- W 2% 25 (European Re-
spiratory Society, ERS) . JBI #F i 11 A4 {4 fd .0 B35
J£ . PubMed. Cochrane Library, Embase, CINAHL,
Web of Science., " E M J7 77t B A 9y = 27 SCHR
¥4 i (China Biology Medicine, CMB) ., %% 32 50 ¥
Ll “intensive care units” “respiration, artificial/ me-

i

chanical ventilation” “ ventilator-induced diaphrag-

matic dysfunction/diaphragm/respiratory muscle/in-
spiratory muscle” % B, S IR e B T8 A s 4
2 /ICU”“ HUAHE /W AL /A B /U8 IR
JULZII6E / JE AL/ W AL/ W 52 L Sy O e ) Gy % A = Rt
WA BES SRR, RRERyEESR
2024 4F 12 A 31 H.
1.3 L#HHAANLHH®IRAE
INABRAE - CO BT FERX RN TCU ALK E R
H 5 (2 N KR WL B PEAL LB &2 1 By A 52 5 (3)
WFFE B Syl PR 5 B AR 1 I PR R 5 L T30 G4l L R G2
PEA . & K 1 B HL XTI L 58 (randomized con-

FTREF 2025 F 7T AF 5455 78

trolled trial ,RCT), HEBR 5 #i: (1) HF 58 H &2 k3
(2) g STk 5 (3) SCHRAT BN 8 8 . Jo 42 305 (4)
J5T P GBAR Y SRR .
1.4 XA ZFM

2 2440k FR GEAEUE RGN B 2 2 A AR 4l I R g
AR 5 VM &R 4t (appraisal of guidelines for research
and evaluation, AGREE) [l 37 WE M 48 B » # 1~7 43X
23 A HHEATRAL L 6 ST B A 43 38 KR U N 2%
FLAS 23 00 5 3 47 b v A A0 A L R GEPEAY .
RCT, % ¢ 3L U/ 7 WL J& T JBL X B 89 A o 9F 47 37
M R PR SR I 4 R X 4 P 2 R AT A U
MR SR 46 SCHRZEAT BT & PP . PP I R L 2 A5
B Lo B FORES 3 i F s E R E L
1.5 EFERR EESL5FAR

M 2 20058 & % B NG A B SCHR 3 ORI B
WEHE 55 3 A & st ke A A X . 7RI B UE 4 A,
A1 K UG AN 7] B E B BE 0% A5 B B IE 5l b sE B AR 4 1S
WG R HEAT B G s R R R IR B E 4 A7 A 7 s
D5 R 0 25 G ey L BT o v OB R R IR . K4 TBI
EHE 439 (2014 S5O BEIEHE 43 1~5 %70 2 RF5E
- WUV SIS RO R R TS A S I AR DAY e
N — B S .
2 & R
2.1 AN G — A A

ARWFFTAA 20 FE SCHR ALEE 2 R R pe s
1 Rsdem 2 Bl Mg 3 B RS IEM,7
T RCTV" 5 0 B L3R/ 8 DL, Sk o ok o
LI 1, 90 A SCHR I — R IE DL R 1,
HIRERFIRSHCEK (=3 024) :
UpToDate (n=4), NICE(n=1), PubMed (n=578),
Cochrane Library (n=83), Embase (n=583),

CINAHL (n=24), Web of Science (n=635),
REFAW (n=492), 775 (n=465) , CBM(n=159)

——————>| BIREE X (n=972)

IFEARRE R EAF (=2 052)

AR E RIS M
THAXAOSTHK (n=1 449) : FAZR

o BT (n=790), AL

T (n=377), RRMRALFF (n=239),
FoERME X (n=43)

Y

IBRE X EIFHK (n=603)

8L 2 SCRRIPRSTRE (n=583) -
L | HRARTH (429,
FIRFERAFF (n=67) ,
XkRBIRIE (n=87)

v

REMNZR (n=20)

B 1 2 Tk 7 128 37 72

2.2 AN #E RSN
2.2.1 #HAEHFEEFN



FTHREF 20255 7TAE 5455 7TH 1681

ARBFFTIENA 1 RS IR T E MM B AT AR A T 4 4 B R 83, 33% . 77, 78% .
MHEM . S5 A0 M EWE S MM 6 70.83%,94. 44 % .58.33% .91. 67 % , HEFE S M B.

=1 0 N ST K B9 — AR R AE (2 = 20)

Y4 A SCHR A4y SRR IR SCHR A F
MARION'*) 20234 UpToDate WG BRDCIE LR 0 588 00 DA A 2 5 2
EPSTEIN""" 2024 4 UpToDate WERBEHE  ICU A B2 AL IR X f A 2
B U £ I R 4 45 0T 2021 4F Vi) L] o [ 8 1 I R T I G A B
J s A 2023 4 0 9 WEHE B TCU HUAE SR % M 306 4 3R I7 5 L 0 B 2
7Bk A 2023 4E i ] 6 ) TE4 4% SHCHIL R e £ 2% AL I 2 1 o TIE 4 8 %
PANELLI % 2023 4F PubMed RGPV i LS o6 VIDD #RE 5 % 197 4L
I e e L2 2019 47 GRS R HIUBRE R 5 AR 4 R 7 ROR
B R 2019 4F o [ 1 RGN (56 {18 0 A W S LI 2 % 8 W2 L ) 6 32 i
ESSE 2024 4f 7395 RCT B2 A7 HLGE R VIDD TR
X1 75 427 2023 4F o ] RCT 1CU HUIE SRR 5 IR JUBR M 7 8 19 4 2 T 1o
HEBERT %128 2023 4F PubMed RCT 25 J I LR SR 8O e T S 4 R 1 R
DRES %% 2022 4 PubMed RCT 1 2 e o R 4 222 0 40 I L PR e 288 % 19 5% i
2 47 ool 2022 4 o [ 1 RCT ARSI LR #5751 37 T € HLIGE <R ¥ VIDD
DONG 451 2021 4 PubMed RCT LI R A 2% MK T HLARGE <5 1R VIDD
R E A 2018 4F ivi) RCT LI B0 HLARE U LT B 19
HAAKSMA 405 2022 4 PubMed LR IR ICU v Jif JULAE 75 2 H0m
BISSETT 40! 2019 4f PubMed LREW  ICU th R IS LI 25
T 2018 4F w0 ) LT &3 2 T R
Rpp b 2018 4F I 60 LRIGH PE TR R AT R
TRk 2T 2017 4E RNESEIE] LRIR W VL4810 R A

2.2.2 RZAFRHRE RN iR AN AN E T A A H TR

AHFFTRILWA 3 RGN, 1 KB T B HA 2EARGIEN A & HEEN N2,
PubMed, 1 557" I8 T UEHE A 45 th b X W i 3 3¢ 2.2.3  RCT #9234
B R R T R E AR, 1 AR AR AT A 7 55 RCT, 2 55 S P8 T 7 77,3
SCHR BRI BRI R M H 9 BWIEAG T AR IET PubMed, 2 BT SRR T AR E AT
KFAMT B AT RETE T BIIEM e Em T & H 8B IR TR AR ILE 2,

x2 RETFNER

T S FESY HEBERT %% DRES%™  RAL%™  DONGESY i
LOEBH BN R IR TR R = £ £ 2 I 2
Jr ik

2. R E] T4 EC R i g i 4 T 4 R % PR it
3. ¢ ] LR 2 75 FLAT AT L R R R R R R R
4. BT B FO G S0 T B A = ERLF @ PR PR A
5. AR T HIH 96 T Bk R4 % ERLY - % Rt it 4 it s
6. J 75 X 445 SR T ST T At #E & i = it it it #E
TR T R T BN A AR R R R R = R R
A A2 75 )

8. BV TR IR AR R RIE R = = = R R 2
il Ak 395

9. R BN RAALE R = = = = R =

Robr




1682 FREF 202 F7TAFHSLES T H
gxr2 RETFHNER

AR KA WEEYT HEBERT %™ DRESH™  SUIa%™ DONG 45 hyximst™

10. J 75 5 FH AR IR (9 7 26 4% 20 BF 95 X 4 12 2 2 P P P P

1 25 Je 45 AR HEAT 0 3

L1, 45 348 A5 B9 0 307 3 2 465 ] i 2 2 2 2 P P P

12, BRI I7 R A A 2 = = = = = 2= 2=

13, BFFE B2 75 A B0 L 76 ST 58 0 6T R 2 s s s e 2 2

oy Mrid B PR A R F T AR RCT Z 4k

2.2.4 RRIWRERMN

AT (0 2 F 2305600 43 531 ok U F 1l R
PR LR A A HAPE S R R R
TEAH 24 BERHE B A A " M A& H 3%BR T
T UE /Y T PR it A A 20 B 52 0 G Al 1 i 2 A A
)7 B P S ANIE T 25 H 4R AL T X B A
ZH SU AT AT S5 X 45 )R 48 5 S5 22 ook r Il
Ll U R 1S R R W 7 A E N U R 1 AP

R S YR T PubMed, 2 45 7% Sk Y T HIE 98 84 45 o
R X 97 64 JEL R SOk L 1 R SR I T R E R B
a5 kL F AR/ FI A E 64
S5 SCHk RS A A — B B N AN
7 VHAK BTN AR,
2.3 ERILE

3 2 X I 4R 1) A 2R A A OB R 6 R AT BA
S VAL R E W ORI R B F R 6

2.2.5 HFRER/ZLHRZEM

A FREI 27 SubdE . WL 3,

ABFFILAA 4 TR EHKILH D REREL. 2

%3 ICUNMMEBESEERIRENREIERISLE
4
e A P 7 5]
FRELATBN 1. 80T B 2 2 DA I PR AL — P A B A A 5b
2. HE TCU B Dl W PR il L B8 52 3 T S O 3436 97 0 97—+ 201 25 25 ok TR A 2t IV L e 4 2107 5b
FESEOPAS 3ok 300 150 9 S L A G 5 147 0 0 P A 5b
4B AE ICU 19 24 b PIZEA TPAN 8205 0 B UOIR S  TPAN P25 (0 5 05 3R I 10 1 28 2% g it g L2027 90919136 le
5. A R AL TR (FR BT BT R 0 AR (0BT VR 0 I I TS R 220 JOL 1A 58 3 o R WLRR B, M & SRR A . 1 e
A 405 11 SR A B IR AR 52 0 0 s o L300 b 22 UL P L T2 %)
6. 08 FHT S5 W TR 35k K IV T A I UL 3 Tk, 4B % i 7 T 32 o 4 ) 0 5b
7. HEBU T Richmond J2 )4 -2k 22 50 13 07 BF 55 0k 3T 40 3 A RS AR 25 A REARUK 2002024 le
8. JA shFRE 0 F K 40~120 YK/ min; W45 E N 90~180 mmHg, £F 7 JE<<110 mmHg, F¥ 8k JE A 65~100 mmHg  5b
g LA 700 ok L5 095 14 245 00 4 o 5 O W AR S 5~ 25 U/ min s I 480 H T BE =90 % 5 ISR TR <10 emH, Q7%
9. HLE 24 ANIETAR 1 kY le
FREAEHE 10, #E UM fi 8 2 0 BRI L DA R A P R A T le
L1, SO R R B A 2 (0 DR Tk T 900 T LA A A L T 0 IR JUL R B AR I UL of AR 2736 le
12, %5 TR AR A A RE R DR B LA I S R R ORI S0 T L T le
13, 4 5 937 ) RO LI 6, VI 001 3 4 8 %840 4~ 5 UK, 40K 30 min 3043 2 R 15 min, MG 30% ~ e
50 % R W AE B 1~2 KM 1~2 emH, Q31301
4. HEUUTE Y BHA T T A W TR A P O R 1 2 AT DL P00 5b
15, FEISCAE B A 51 8 JULAES $87-25 25 DA 26 0 S0 3 28 915 40 Hz, 83K 2 YR, 43K 20 minl828:28:30] le
16. 225 H J ) 50 I ol 22 e 2 OF 9% 2 L AS 91 22 s PR At 2 le
17, 8 PR 58 5 RN G B B AT 4 000 B B RO S PR R -0 A i U e 3 v AR DT le
18. LAy =>4 SRt , BT A% B B AT 2 S04 0 7E 2 P b AT B R e D A le
19, FEUUH B A 5] R4 A 90 ) A AT B BB B, B K 2 KK 15~20 min®” le




FTHREF 20255 7TAE 5455 7TH 1683
gk 3 ICUNMEBES EERNEENREIEELE
e . . i 3
25 JEFE P9 2% e
SORVEY 200 PR RE RN AE . (D IBNUE A T WEBNWIE S JEE ZiRESF RIEERELTE=10%#ERBIZE  5b

5 (2) 15 5 FE L I B2 2 e i JUL 3y fig F20-20°99-36

21, AT MR I ) il G2 8 0L v IR I 1t 43 2 Le

22. BEHLA T Z HLGRE S ) TCU A B b g L2072+ le

23, B T Borg 2% % WLIL G, P X 09 0 LB 22 B 3 kA7 4 A 1200 5b
FEREI 24 RS 5 R o L) W AT T AR A AE AR WAL SR, B DL R AT A — IR a7 B O B O R/ B R WS Le

=20 Y ; I IR AR 2%6<C5 YK /min 3> 25 UK /min; L4800 A1 55 5 B AR EL<C90 U0 5 % A 72 70 HE 2R 0 IR < 16 i k4

/‘(‘H’&T’I‘Eﬁfjﬂzr"g“mi

25, HUBE S LI 1) A e 45 2 R I e RO 0 B e ] g 2¢
HEEI 26, i B B F R R B N X BE R Y s A A 0 5b

27, il YEZ IR 2 WA DS O S AT ML AR B I B I A LA A R A GV T AR R B AR AE 1c

ﬂ];ﬁtzﬁ.smzsj

1 emH,0=0.098 kPa,1 mmHg=0. 133 kPa,

3 i3+ i

UEHE 1~2 5, B4 & 2 % BT AR ICU HLIY
WARELHIRALRES . fERE T WAL A 5
11, [ A0 LAY BEIETT 0T L S 3R 97 W o 32, [ P A DG 9%
PR = HLAr Be A 35, 0 PR3 £ %F VIDD A %R 2
110G R, BRI T A I R I R R LR & T
VE L FE TS A % 1 2 [ PN R 1) S B I AR B B L
WO AL G B2 RS IR T I Y BRI U L P A A
I 22 22 B AT BN 5 5 Jah 45 1l D AR B HG 398 1 R g
Y 56 RUAE R WLE 52 Hp 7R $H R [ 19 ff €, A 5 72
v R AT A BT 4 O ) P SR R Dy s A AR
W TR R P B IR 45 . FEAR AT S i 5 A £ v ) ok
Ko, M TPEA L RERITIMARMNESYS
B R T W7 2 PR L A R0 T RS NS
[{EE VR TR - A I P 7R = S R - VI R P £
FTHHTE., EUPENESHREREAN T, S FEE
BT IR RIS L 37 e 7 0 R WL N 5 AR A iR
JUURR R SILIN 2555 TAR, 5820 R 3L T 4 1 i Il R
gt . EFRE H R b= 6 LR R £ 2 B A A
B AR R e 2L, HLFF i — 20 B o 11 BA B B R B¢
F AR A T i A AR 5% 22 [ 1 30 38 P A

UEHE 3~9 R, N 45 A 2 o SOFAG IF A
SR L R R s A AT . AU R IR LT
RE AR bV L R LR B 72 ML A < 24 h D 9%,
48 h NI/ 20%,72 h B/ 26 %1, L E A
BN TE R HE AL ICU 19 24 h R 34T 2 T PE A
DI % B R A% B B AR T TR o ) BB L S R O
NERN A O N INE 3 R i | Al
AN R, FRLE S A AT, B 24 /B E OB IEAN 1
YR, B A R A T 100 0N 4 B 5 L R e A B R A i
T AT R 0 o AR R R IR L0 Bl A R R

T ARBE R 2 AT A A o v AR
A xF S YN R it 52 A L, 54Dl A8 R Rk R I IR
R FEL SR R S A S AT O T R R I L =
ST LR AN RS S R WA 4 R A
WA L 42 T BEAT Bl A5 VE Al £ IR UL A2 19 AT 2K
St

HEHE 10~19 45 1T F AT A iR LR & 45 it , b AR
P B 1 OIS S & R B S AR Al B B A2
T %o XFUESE N A BEAT 23 A, B H IR JULBE A2 4 it
PR ZHE 2 BAE . A8 S W LI ad 78 o, ]
i I 12 )11 5 R A A ) R I UL 2 R 4 R N 1
i, BRI B L B I 2, DA T R UROR
PRSI LR 8 15 B UL BB 08 7™ A FRr 2 T A 1Y A A9 U
A AU AR BEASE ST B I 0z Bl S — o Sl i UL B
HRJ7 0 o A TA] R 0 00 e R 9 T 32 1 22 S R, TN
LA - e e v 58 R N LR A JC R R B A A
RO F . FEBH kB BRI AT R 3 0~5
TS ) T 1, % B w0 1CU S8 38 PR 0T R R A 21
PR T 351 UL PR JO kA AU R AR UL 2 R R L il
PRI ARG £ 1 S B, 2% A WE T b i R
WGk AR AT A AT R Rl R S (] 2 R
25 BEUR IS [ A0 R 2 T T A B o OT R A B
ARAERI IR WU T %8 . LA R R W 5 0 ik — 20 5
R M T LR ER A BT, DU AE + PURCR I 4 3
iR JUL B 5 A s AL A T

UEHE 20~ 23 KLZ5 T VLB 52 800K OF O A G Y
38 X LTI BE 0 D) BE B SEAN L T A I AR Y
RN GRROCR ISR R TR, BRI RN
s RIS Y N P 14 2 (L R T2 S e LS RE . AR UL
R P AT S N Al AR JULJEE E R L8 JRE o3 K iR WL RS 3l
BE, A PEAN IR LD RE . A6 BR 2 i A v o 4 K T il i



1684

PR 25 8 790 S R LIRS 32 5 3090 5 3 i sk o, (T
KB PEAST L 43 B T WAL I s R e Ak, RN
ROBRHERRERTUILR THEZRFS 5]
B LR 52 58 EIRSY . VIDD 2L
I WY 2 B A PR 2L R LD AR 1Y el st 55 0 AL Ak 2 %
P LUBEHIL 45 8 5 Sk 25 Je) 35 A B 75 00 2 ke 1
B I PR . (B WL R e &2 J — N 18 K iy 2 2
R 58 4= WAL 38 . A A 37 % 1) fE T E BB E A7 1
VIDD™™ 5 R 8218 i R R B AL K 3R )5 Y 2E
T AR A7 TR) G VR IR ILRE &2 4 9 352

EHE 24~27 Z2RAUEE W EEF I H2F K
D7 TR NS . B BN B UL R A A 5 AL, T 5
Xof B I GR T 1 1 B 0 E S IR UL RR &2 S Bk 1 EE R
B, BB TR TR LR R T T A R T AR
A B4R AR M, Y B RPN RS, v] T R ik
REHHE S 32 514, IF & 9 H 7E 2 0 e
rF AR 2B O A B L S B T IR O LT A S i 4L
A fE O AT 1 0TI LR A A B
A5 o AT 0 55 UIIE 5, AR A5 4 bk i ofie A e
Il PR 377 76 1% LRR 52 DFA i 2 L 48 5 8 IR Lo o %5
77 i B Z BF g B R N PR A B I R B
AT R GBI UEE S R5 N 48 T Ll A R g A
RE 7 2 DA B Gy b 27 I 4 17 T 1ifs PR S 12

ZE LR ARTFFIL A T 1ICU MLIGE S B E IR
3 S 1 e I Al o M AR AT BN L AR VT A L R AR A it
ROV BT BE S 6 AT AT B 27 AR
LI [ SR RTINS W0 =11 | B2 s o
FAE L DA 4FE s 18 ULRR &2 (%) AR T 8 . S5 22 I BOKE 72
Sy VRS A BB B T R LRE 52 U 25 0 19 0 43 BT E A
B Ak o B rp B B A R ORI B RE L O R A IE S R

S % Uk

[1] POWERS S K. Ventilator-induced diaphragm

dysfunction: phenomenology and mechanism
(s) of pathogenesis[J]. J Physiol, 2024, 602
(19):4729-4752.

[2] LIUY Y,LILF. Ventilator-induced diaphragm
dysfunction in critical illness[J]. Exp Biol Med,
2018,243(17):1331-1339.

[3] JABER S,PETROF B J,JUNG B,et al. Rapidly
progressive diaphragmatic weakness and injury
during mechanical ventilation in humans [ ] ].
Am ] Respir Crit Care Med,2011,183(3) :364-
371.

[4] HERMANS G,AGTEN A, TESTELMANS D,
et al. Increased duration of mechanical ventila-

tion is associated with decreased diaphragmatic

FTREF 2025 F 7T AF 5455 78

force:a prospective observational study[J]. Crit
Care,2010,14(4) :R127.

[5] DRES M,DUBE B P,MAYAUX J,et al. Coex-
istence and impact of limb muscle and dia-
phragm weakness at time of liberation from
mechanical ventilation in medical intensive care
unit patients[ J]. Am J Respir Crit Care Med,
2017,195(1) :57-66.

[6] BUREAU C, VAN HOLLEBEKE M, DRES M.
Managing respiratory muscle weakness during
weaning from invasive ventilation[ ] ]. Eur Re-
spir Rev,2023,32(168) :220205.

[7] GOLIGHER E C,DRES M,FAN E,et al. Me-
chanical ventilation-induced diaphragm atrophy
strongly impacts clinical outcomes[J]. Am ]
Respir Crit Care Med,2018,197(2) :204-213.

[8] SKLAR M C,DRES M,FAN E,et al. Associa-
tion of low baseline diaphragm muscle mass
with prolonged mechanical ventilation and mor-
tality among critically ill adults [J]. JAMA
Netw Open,2020,3(2):e1921520.

(91 357, SR SR, 5. TCU HLA I A R L
TReE BT 5T kS L) . rh 4R 20 A E 7 PR 2
#,2024,5(3) :283-288.

(100 J3e, @55, sk A, 5. 0 I F7 R J5 I8 L ) e
T3 BRI MERL R BB LT . 32 Ak
2022,37(4) .78-80.

(110 o7 AR (T 200, ST 4R 8 L 55 W 0 B AH OC 14 % L
T RE R A i AT 52 ik e [T ], AR SE T R 2, 2024,
36(3):409-413.

[12] XVEEHEE, RACHR KR F5 1L, 55, f 3 0E A8 35 AL
HH G I LSy R B 4 B4R R 931 By %) A 5 ok e [T .
Ptk B . 2023,38(10) . 881-885.

(1370 AW, B4 M, A 9 R, 45 4 gl ik 5 1) I R % 1
(=D 5% 1Y 326 70D [a) R4S e [T ], 97 ik B
#,2020,35(9):796-799.

(14 JHOMEEZAS o il 9% KU, A B, 45 R4 4 5 3 1 & e
ME6S” LAY B “5S”REAL [T ] 4+ B Ae Ak,
2024,39(12) . 1-7.

[15] JAZ5 M ET7  NE L RIS 53 T H A-
GREE I Je 4% 45U o3 B 04 #b 70 M e S S8 5 [ ].
P EE2EHE,2018,25(18) :56-58.

(161 ASm, #A M, JA o R, 55 #E 3k 96 1) I R 5% 1t
LD TE 388 166 R 7 AR AT 5 v %) SR T s 97 [T .
P2 . 2020,35(11) :996-1000.

(171 EHT . S ME. TBI UE 45 #l 43 9% S Uk 35 4 72 200
R4 (2014 JO [T 47 kB 4 3K, 2015, 30
(11):964-967.

[18] MARION W D. Pacing the diaphragm: patient



FTHREF 20255 7TAE 5455 7TH

selection, evaluation, implantation, and compli-
cations-UpToDate[ EB/OLT. [ 2023-11-07 ]. ht-
tps://sso. uptodate. com/contents/pacing-the-
diaphragm-patient-selection-evaluation-implan-
tation-and-complications.

[19] EPSTEIN S K. Management of the difficult-to-
liberate adult patient in the intensive care unit-
UpToDate [ EB/OL ]. [ 2024-07-15]. https://
sso. uptodate. com/contents/management-of-
the-difficult-to-liberate-adult-patient-in-the-in-
tensive-care-unit.

[20] v [ B i pp 25 W W B2 0l 53 2%, 4R B o o R IR
e, WEREES S RE Ll %R
2% A v E g I I T R O I W RRE A AR B A B
(2021 4F) [J 1. Ao filt B A B 22 A% 55 20214 15
(6):521-538.

[21] FEELL, JESeHE . 26, 55, ICU HLAE U8 g
PR EIA T By S AR A5 LT ] BUARIG R 4 B
2023,22(9) :16-24.

[22] #25 db, B 2RI, A0, 45 SODL IR E s N SOL
IR Ay 5 AE TE 48 S48 [ ], 97 BRAE 9T, 2023, 37
(18):3287-3292.

[23] PANELLI A,GRUNOW J J,VERFUSS M A,
et al. Outcomes in critically ill patients after di-
aphragmatic stimulation on ventilator-induced
diaphragmatic dysfunction:a systematic review
[J1. Eur ] Phys Rehabil Med,2023,59(6) :772-
781.

(247 PV WE A% 0, 8 FE0aK , 45 BILABGE <A 3 I 4
PG ROR 1Y Meta 23 M) 1. 97 B 22 4k, 2019,
26(17) :31-36.

[257] SRW0R, T Rf, 227850 , 55 A 7 g7 LI
SR WU L2 BE 52 R 9 Meta 43 A7 [T . v [ B
2P 550, 2019,25(10) :1150-1161.

[26] XA, BB EN. & i 12 3G 97 R HLAGE R
- IR ML X I UL T 68 o 1 1 T T4k SR [T . v
S AR . 2024,40(6) 1 407-413.

[27] X075, X, AL Bk, 5. ICU HLAHGE <R IR
LB 5 7 58 i ) 2t K g I 5 [T ). vh A2 4 31 O
#,2023,58(3):261-267.

[28] HEBERT O J,GUSTAVO B C,JULIA A M,
et al. Effects of transcutaneous electrical dia-
phragmatic stimulation in critically ill elderly
patients: a randomized controlled trial [ ] .
Physiother Theory Pract, 2024,40(12); 2754~
2763.

[29] DRES M,DE ABREU M G,MERD]I H,et al.
Randomized clinical study of temporary trans-

venous phrenic nerve stimulation in difficult-to-

1685

wean patients[J]. Am J Respir Crit Care Med,
2022,205(10):1169-1178.

[30] RITLL, BELLEE L 05 . 45 A1 I JUL R 445 151 7 T
BB < R L2 A8 B 65 i BOR BF LT .
Hr B 2R, 2022,57(9) : 1029-1034,

[31] DONG Z,LIU Y,GAI Y ,et al. Early rehabilita-
tion relieves diaphragm dysfunction induced by
prolonged mechanical ventilation:a randomised
control study [JJ]. BMC Pulm Med, 2021, 21
(1) :106.

[32] #2&u , X S WL 4% 305, 45 LB 3l AL A E
B IR L RE A9 52 e - — T HIT BE R BE AL X R
WEFE LT ], 4R A E 0 2 R R 5, 2018, 30 (2)
112-116.

[33] HAAKSMA M E,SMIT ] M,BOUSSUGES A,
et al. expert consensus on diaphragm ultra-
sonography in the critically ill (EXODUS): a
delphi consensus statement on the measure-
ment of diaphragm ultrasound-derived parame-
ters in a critical care setting[J]. Crit Care,
2022,26(1):99.

[34] BISSETT B,LEDITSCHKE I A,GREEN M, et
al. Inspiratory muscle training for intensive
care patients:a multidisciplinary practical guide
for clinicians[ ] ]. Aust Crit Care,2019,32(3):
249-255.

[35] feas, E B 4L RN RE, 55, Pl & B E Fie &2 h
LRI [T R B2, 2018, 33
(1).7-14.

[36] #se, S35, 55, o [ P I o 0F B A2 TR T 4
ARG IPT]. 2 4R R i B2 %%, 2018, 16
(5):3-11.

(37 ERKME AT 04 45 WL As B A & K
R[], Wi EE2£.,2017,39(24) :2191-2196.

[38] REYNOLDS S,EBNER A,MEFFEN T,et al. Dia-
phragm activation in ventilated patients using a no-
vel transvenous phrenic nerve pacing catheter[ J].
Crit Care Med,2017,45(7) :691-694.

[39] UMBRELLO M,MISTRALETTI G, GALIM-
BERTI A, et al. Drainage of pleural effusion
improves diaphragmatic function in mechani-
cally ventilated patients[ J]. Crit Care Resusc,
2017,19(1) :64-70.

(407 Ph—1%  ARE, B3, 55, AL TCU 7 X
W HLAH 56 14 1% UL Ty R e A 47 3500 45 47 1 AR 0
). PR B . 2022,57(7) 1 841-845.

(417 FENE 153, d 42, 22 9 W e 5k 43 B e T i L
T Re B A B E R RAIR T AR MR [T ). TR &
AR ,2022,44(5) :442-445.  CT 655 1692 T



