I PRAR A 2 2% 2024 4 9 A 55 26 45 93] J Clin Ulirasound in Med , September 2024, Vol.26,No.9 - 773 -

- & AR BT 5T -

K55 % Rt =% 48 7= Tl 22 o B & MUARE SUBLXUBE 7Y
lla PR 1B
FH KEE L B irE B R IRH HETF

H E BE BRSNS PN A R UOE AU IR . Fik ST R E A W
FEATHLIGE S FAE A3 200 61, FE P LR S 4L 127 491, LR A 73 1), AT IR 55 22 J0E SRR S R B 2 G i 4 A
(LVEF) SRS ER(DTE) SR ShEE (DE) 8 A 50 (LUS) , 2 Bk B2 5. R Z N Logistic [[145>
T i 2 0000 R B A A AW O XURS (920 57 52 i R 38 5 22 ) 32 10 TVERRE (ROC) R 28 43-#7 PR 55 22 Wik 25 B 7 791 00 e
AE LI SRS 10 Wik e, R HWLL 4 LVEF . DTF . DE 4% TRFLS N4, LUS & THRpLsIha , 2
SEELI R L (H P<0.05) . ZIHE Logistic B3 438T 7% , LUS Sy 100 A B35 AL AR AL XU B4 7 57 7 6 141
# (OR=2.008, P<0.05) , LVEF .DTF . DE 34 24 7l 37 {7 47 K 2 (OR=0.764.0.811.0.760, ¥ P<0.05) . ROC It £k 53 #7 7R
LUS .LVEF .DTF DE J H38 G i FH T 2568 A8 58 HLA80E ARODL AU 19 il 46 T 1 A2 310 ok 0.816.0.767.,0.814.,0.777
0.900, BcA R FHAG IR T T R i T4 SRl (7=5.224 5,435 .4.755.5.725, 34 P<0.05) . 518 IRZZ 22 16 1
2 i A BB SR RURS: T B — 2 I R A (L

KEEIR A, RS MRS s HUME s L

[FEES 2 S ]R445.1 [ SCARFRIZAD ]A

Clinical value of bedside multi—organ ultrasound in predicting the risk of
mechanical ventilation weaning in critically ill patients

LIU Xuelin,ZHANG Jianlei, WANG Ting, LIU Jiangyun, YANG Rong, WANG Shengqi, GAO Jiayu
Department of Ultrasound , Yan an People’s Hospital , Shaanxi 716000, China

ABSTRACT Objective To explore the clinical value of bedside multi—organ ultrasound in predicting the risk of
mechanical ventilation weaning in critically ill patients. Methods A total of 200 critically ill patients who were treated with
mechanical ventilation in the intensive care unit from our hospital were enrolled, including 127 cases in the successful weaning
group and 73 cases in the failed weaning group.All the patients were examined by bedside multi—organ ultrasound.The differences
in left ventricular ejection fraction (LVEF) , diaphragm thickening rate (DTF) , diaphragm excursion (DE) , and lung ultrasound
score (LUS) were compared between the two groups. Multivariate Logistic regression was used to analyze the independent
influencing factors for predicting the risk of mechanical ventilation weaning in critically ill patients. Receiver operating
characteristic(ROC) curve was drawn to analyze the diagnostic efficacy of bedside multi—organ ultrasound in predicting the risk
of mechanical ventilation weaning in critically ill patients.Results The LVEF, DTF, and DE in the failed weaning group were
lower and LUS was higher than those in the successful weaning group (all P<0.05). Multivariate Logistics regression analysis
showed that LUS was the independent risk factor for predicting the risk of mechanical ventilation weaning (OR=2.008, P<0.05) ,
and LVEF, DTF and DE were independent protective factors (OR=0.764,0.811,0.760, all P<0.05).ROC curve analysis showed
that the area under the curve (AUC) of LUS,LVEF,DTF,DE and their combined application in predicting the risk of mechanical
ventilation weaning failure in critically ill patients were 0.816, 0.767, 0.814, 0.777 and 0.900, respectively. The AUC of the
combined application was higher than that of each parameter used individually (£=5.224, 5.435, 4.755, 5.725, all P<0.05).
Conclusion Bedside multi—organ ultrasound has certain clinical value in predicting the risk of mechanical ventilation weaning
in critically ill patients.

KEY WORDS  Ultrasonography, bedside ; Multi—organ ; Mechanical ventilation ; Weaning

VEH AL 716000  BRpG4 L2 i A BB B M E 2 TR R 22t R 08 XL (R AET) TR BB () , SR (IR
HIRVEE « R 1T, Email : dpgjiayu@qq.com



- 774 - I PRAR A B2 2%k 2024 4 9 H 55 26 45 93] J Clin Ultrasound in Med , September 2024, Vol.26,No.9

SCHRHIGE , LI M2 S BUR B HUGE ORI EAE
AP TRE I, HASAERBEIE T3 T I C . HLI
RN EIBOR eSS i EWAR IR GIN S eail B g IR
BL AR JULZE 40 14 2 A KRS, T b LA 2 S
RERF TR T, PR U 5 LSS J 206
HOEE SR, PRI AR A IR TRD XS 1l PR BRI 3547
AP TEiAE B H BRI b RS 2 gl s
A LS M FAE SR A O RE L RE S B ) HETf b
VAR LA B0 2 A B BRAS 8 R RLOR  BA
b bl NI R AR MWW 1177 = R S T U E =R
X AL, R E5 2 JEAS 75 Id mT L BT A
HLIE AR P T RE A I FAAE , VAP i i K Jifr o L
BRI, NI ARG TR BES ARG . ST it A WHE
B AR PR 55 22 JIE A5 7 Tt B S8 8 HILAOE AL
IS AL

BARETE

— WX 5

PEEL 20214 10 H 220234 10 H TREEHAE W E
FHUBGE < S F A 200451, Her 53 101 491, 42 99 4],
AEH 33~80 %, -1 (63.9629.08) %, 1A Ji £ 45 %k 20~
27 kg/m?®, -1 (23.51+3.08) kg/m*, 44 A b5 - DIl i
B 1R s QPIRATR <35 K /min; DIMLET 8 F1>7 g/dl;
ORI e H FVEARES . HEBRAR i : OFF 45 7 T+
254 QM B BB EARE ; @FE>38 Cili<35 C;
@ISR TFEIES>10 emH,0(1 emH,0=0.098 kPa) Fl/af
W 4A R B >60% s O ) IR 7KF> 20 emH,0, AR5
2T e BE A AR B B Ao [ vE S - 2024 18 PR A%
LW(008)5 |, T A & & ZIE R

= ARSI

L ASCES < AT 302 B MO A 485 X% (0, 223 0y 8 7 12 i
0 B BEIR L MB35 4~12 MHz; (9 BFEER K %8 1~5 MHz;
AP AR S 0% 1~5 MHz,

2.5 QAN O B EIK AT . R UM,
BRI RSk B T B 2 2 X ORI B X
X, A3 5 R e 5 T R A DT L 4 Y 0 K
BN ORI TIN50 € 7 N TN 0K = gl R ) TR s e
St 53 %5 (LVEF) | A2 % 3t 38 i 9 2 B — 1) ] 43
(VTD) , =R AG A6 F (TAPSE ) A7 & &F 7 R B
HAESEERKARY EHAE LA RV/LY) , IF O
HAE(CO), AR :CO=VTI X x L3R, Qi 75 1
. BAEBUMEML 2R 12 53 X5, DU & 5548 ML
2R U R R S5 2 Nl FL Sk KT R R o —
]t B 531 Sy 6 A DX 3R, BRI R BE | R X R BE |

X JERRE BRI g 12 sk, (R 2R R Sk
s PR Sk AT A, TS DXk i O 2% i iR 2K
A%k B L il S AR B AN 5K B BRI A 0 o iR
ﬁ'gﬂﬁﬁﬁ’(lung ultrasound score , LUS) #5178+ A 28k
B4 <3 %51t 043 ;>3 - B& HIW IR R 4Fi1 143 Ik I8 A7
FERRE BT 2 00 s AEAE M SE A8 31 3 4 o #1241 IX
B BPE A AN, B3 0~36 43, P40k i ¢ B A8 3 il
Ry Y SO Y] 12 sl e O L 5 4 7 S ke (4
TRKE T ZOA X (RIAE WIUAY (5] TA TT 55 T Jig BE (%) P9 1T
AHFE X)), 3 BT I RE I 2 SOR IR LR B (IS
RN WUE FE K g LS 3 B2 (DE) |, 11550 I8 L3 & =
(DTF) , A : DTF= (W SR N8 USSR g L
JERE ) MR R MBS EX100% . T A 8  EHG B 4
PR 24 T30 DA HRRR EL B i 3 A 28 0 1Y) 7 IR
U S7 58 B, WA R — A S E E R
T 3RO HIE,

3 AWLES R HE Moy RS TR ERFIR>48 h
FE SCHRHL I, 8 J5 48 h N HHT 6 3 2 O HRIL
PGS ABHIT R T A 127 1], JHLA I ZH 73 4]

4. — P GERIERIRC A e Dy WA JR 3 — e ek, £
FEAEMS M s R BRI R AR (WBC) L.C—
JW AR L (CRP) Kot A8 0 52 e LR S PR
LA e il N € N e

= Gt

IV FH SPSS 26.0 e, iSO DL xes 3R R
FHEC XS ¢ A5 565 5 THE00ERE LU 8 R R, R H P ke
5o RHIZ R E Logistic [0 53477 16 Fi 5 8 2 AL
R A HROBLIRURS 1 0k 37 5% ) R 3% 5 22 1) 32 108 TAEFs
fIE(ROC) 2R 43 B R 55 22 W45 8 7 Tt i) 26 28 5 B
AL B2 Wi, 2T AR LRk H Z
%, P<0.05hZESAGFE L.

# X

— L — TR R

FOHLR T 21 5 LI MO A 305 1 5 W s AT
5K \WBC ., CRP AU IfiL A8 595 58 ey I35 58 B PR
g S W PR sl RO S R S He R 25 R TS i

T AR R A A R R

TR A 2 i 7 0 sl P R PR IR UL 7 R A [
W 1~3,

1. 2 i 8 75 0 3l ARG 2 25 31 o , ORI 2 i 4
LVEF (R TR I A , 25 574 G it 2 L (P<0.001) ;
P21 CO.TAPSE .RV/LV b =R LG it2= 8 L.
W22,



I R HE 75 [ 22 27 2024 4F 9 A 4f5 26 25455 9 1]

J Clin Ultrasound in Med, September 2024, Vol.26,No.9

< 775 -

R P RGOR UL

a1 FR B OMESORET BIUERL MRS BIERES MEE R WBC CRP Wi He (agiSI
(%) (i) () () () (f) g () (x1097L) (mg/L) (mmHg) (mmHg)
WHL T4 (127) 63.18+8.93 62/65 71 85 44 5 41 35 11.2843.09 69.50+15.34 121.67+£20.43 61.28+8.15
FHLRMAL(73)  65.24+9.34 39/34 40 50 25 4 26 28 11.51£3.57 70.91+£16.67 123.04+19.32 60.31+9.67
M 1.544 0.393 0.023 0.052 0.003 0.023 0231 2.504 0.478 0.606 0.466 0.756
Pla 0.124 0.531 0.879 0.820 0.954 0.879 0.631 0.114 0.633 0.633 0.642 0.450

WBC: 14145 CRP: C- W 8 1. 1 mmHg=0.133 kPa

1 LVOT Diam 2.03em
LVOT Area 325¢m’
2LVOTVmax  106.48 cm/s
LVOTPGmax  4.53 mmHg
LVOTVmean  69.01cm/s
LVOTPGmean 2.26 mmHg
Lot v 17.14cm
LVOT SV 55.64ml
3AVHR 92(1)Bpm
wor co EREIV

A B AW — B2 (0,65 % Sk
LVEF 2} 68%,CO j 6.2 L/min, TAPSE 4 2.3 ¢m,

RV/LV A 1.01;C. D WL — 5,808, & (5,79 % i Bl R 22 fili 48 ) LUS A 24 45,

Jie 3 9 PR 58 ) LVEF 4 54%, CO N 5.1 L/min, JJE AR RN A 7K
B2 Wi R G

TAPSE 4 1.8 em, RV/LV 24 0.81
B 1 WA L s G A E S

mindray P o66% mi14Tiso2 1 85 2.54cm

I P 96.6° 2 .
_ mindray fesesx miansos I 161cm I }

. mindray

F6.6-13.0
030

1558 0.10cm

A BRI — & (& ,40 %, 25898 ) A BRI — B # (& ,52 %, A5 ) DE
LUS W 845, TEMIRE BV ; C D AL M — 2 9 2.54 em, DTF 24 38% ; C . D SHLR ML — R

(5,75 %, fil#543)DE 4 1.61 em, DTF Jy 20%
B3 LI 5 G A 1R 1%



- 776 - I PRAR A B2 2%k 2024 4 9 H 55 26 45 93] J Clin Ultrasound in Med , September 2024, Vol.26,No.9

T2 PRI NS Ol 1] il e R LR P A £ 2 2R LA (o )

3 2 LU TNy
LVEF(%) CO(L/min) TAPSE(cm) RV/LV DTF(%) DE(cem)
iGN E 56.06+10.21 5.90+1.40 2.100.40 0.91+0.12 15.15+4.86 32.51+5.81 1.78+0.34
LGIPN & 43.75+11.37 5.60+1.50 2.00+0.50 0.89+0.10 21.51+6.94 26.17+5.38 1.40+0.31
(it 7.872 1.421 1.551 1.204 7.590 7.630 7.854
P <0.001 0.157 0.123 0.230 <0.001 <0.001 <0.001

LVEF : 72 % 5 1143505 CO - O 5 TAPSE : = RIS W8S s RV/LY - A7 & &7 SK A AR 5 22 & 7 SR 0 B4R LU AT LUS : il 75 045

DTF: R LG E 4 DE : IR U 3 B2

2. iR P A 2 SR R RO T AR B
ZH LUS 23 91 8 (21.5126.94) 43 . (15.15+4.86) 43 , 2 5
A G X (1=7.590,P<0.05) . W#2,

3. VLR 7 Az A 45 S i LR 4l DTF Fil DE
PR TN , 22 R IR et L (1 P<0.001)
WZk2,

— Z [N Z Logistic [F1H 5347

DL AL S R =1, %=0) MR A &, L
LVEF .LUS.DTF .DE 2y [ 28 £ # 17 Z [ &K Logistic [1]
P53, 255 8 LUS by 7000 500 2B HLARGH L
XU f4 2t 57 A5 8 X % (P<0.05) , LVEF . DTF . DE ] %
ST AR R &R (3 P<0.05) . WLEE 3,

R3 LK Logistic [IHH7

AR FIARE ARMER Waldy*H ORI 95% X [H]  P{E
LVEF  -0.269  0.102 6.965 0.764(0.626~0.933)  0.008

LUS 0.697 0213 10.712 2.008(1.322~3.048) 0.001
DTF -0.209  0.081 6.689 0.811(0.692~0.951) 0.009
DE -0.274  0.093 8.708 0.760(0.633~0.912) 0.003

VU | PR 55 2 I #5H8 P T0) 2 AR AT AGE AR
AU ()12 Ak e
ROC {1 £8 3 ¥7 .78 , LUS .LVEF . DTF . DE K H:BX
A I FH o000 B RE AR AT A SRR A it 4 T
4518 0.816.0.767 .0.814 .0.777 .0.900, 1564 17 JH 14
i 2T AR T A S Rk N T (Z£=5.224.5.435
4.755.5.725,%1P<0.05) ., WE 4 F1FE 4,
100 ¢

80

60 o s

R (%)

40 I:,

20

0I 1 1 1 1 1

0 20 40 60 80 100
100455 £ (%)

B4 PRE5 ZIEAHHE A 10 HRE B HUGE S RLAURS 19 ROC ih £ &

R4 IR ZHEAHELS BTN AT D UGE LU Y

ROC [h& i
: SPVEEN A : T ==
LR
LUS 0.816(0.755~0.867) 19.554) 72.60  85.04 <0.001
LVEF 0.767(0.702~0.823)  49.73% 71.23  70.87 <0.001
DTF 0.814(0.753~0.865)  28.19% 71.23  75.59  <0.001
DE 0.777(0.713~0.833) 1.71cem 8356 6299 <0.001
AR 0.900(0.850~0.938) - 69.86 9528 <0.001

W’

I PR TAEH, PR 55 22 R #4585 1 328 T 1l Ay o 2 1Y)
BIF T H., SE5HSAEMLL, Ko7 2 Rt
PEAVE P, AT Bl PR s U 6 — Bsf 1) SR R 35 14 52
B S2AZ, IR 2 W RNA T sk . B R 5]
T B 2UN O, BEAE B ik U 8 AR A B AR, A
O S L UL RS LR R i A A 22 A B e
FRARAEIO S PR 5% 2 k4R AN AUAE 12 W R B
0 I REAT A HE T 52 2% A I R B | R 1) 2 70 A 2 1
T B 12N E I R B RS i R R R E R A
PERAERAE S B LS EE— R C R fEH R
PRI AR AR | RE A% 4R A1 G 0o R AR R il A5 fige 1) 245
¥ K e AR L, ZEPEAS HAE B O IR 45 48 A ) fig
TR LA AURE A 0 3, AT AR B s e £ 3 Wi 4 g ) LT K
AE 1 VHI S AT 1 B AR A, 2 — 2L N RO AL 4 it
AL SE I B 1 2EARYE . AR B AR IR 2
U 7 PN A RR A ML RO RS 9

EN T2 ) RN S e et TN : €I NV EE
LVEF (R TR AL, 22 74 g it 248 L (P<0.05) ,
PEIRAUHL LT 3 O W 4 D e 4y, g il I LS
TEATT K . SREEMFFE 58 M L. Pastore 551
WFSE 7, P O Bl B S0 R Al JAE W 9 A
FBET A ST PN R o FERROH LA AR v, i 4% S A
L YJREAS A A3 A ek D, BRI . il
8 75 AT LIC R PP AR SR A AR A B T2
W I I 2R Ge e g 1 o AR ST SONL S LA LUSS 5 T



I PRAR A 2 2% 2024 4 9 A 55 26 45 93] J Clin Ulirasound in Med , September 2024, Vol.26,No.9

< 777 -

MU , 22 57 A Gi it & X (1=7.590, P<0.05) , 3= W
FROBL I e A8 5 il 0 72 B 77 i, i 7 L T R A7 AE B ™
(18 i 7K B A AN B a3 6 PR 2R 45 4 S SURIDIL 2K I
T3 A BTN e R 3 S A R R A M
(AR 0 R T3 Rl G 7 P 5 2%, T BURINL S BB HE T
W DR] e AT 400 S5 E PR, 3 T JROPIL )
I, LUS (5 (4 S5 AN TE A 0 B HUAGH A, s B
PR J5 LUS (4975 Ak AT I8 3% 6 77 D 5% RN D e bl
BERLY R LR 75 T DA L0 LA 6 sl B R (3
JERE D B E RO S HAKE " . B
WF5E " R B LD BE B A5 5 ORI % ISORU G 388 i
5, HAR WU RS AR A4 DTE ] FE oL 0, 45 5 i
T 90% ARBEFEHALI WAL DTF F1 DE Y T bl
PRI, 22 5B G 2# 5 L(P<0.05) , 2= BRI
SR R IR L 4 e T AT R R 33X AT B R
MU S BUR ML Z A s DR 2 T8, FER L
IR IR LT BB A 2%, WA 4 R 0 RN T3 4855 o X
F UL, A PR 2 DA SO AR U X 1 1
TR, QR AT R LI 25 s i o 5 B &2 900 5, A
BEE IR fE o

ARG 2 I F Logistic [1H 43 H7 /s , LUS A 0
A AR LB SRR B 0 57 fE B PR 3K LVEF
DTF .DE ¥ 8l 57 {47 P & (33 P<0.05) o 8¢ 9 LUS
T H R AR AR I S B AR, T R AR AR K
S R, BT RN A RURS: 5 53 A B v
LVEF .DTF F1 DE .0 DI RE AR LI A8 K 45, 2 DL SZ
5 55 ORI 58 25 MUAWGE <. A B9 ROC I 253 #r i
7, LUS.LVEF \DTF . DE S HI5¢ A 10 FH 1o 0 =2 55 78 3
MR SARAIL RS 119 ih 26 F T AL 435120 0.816.0.767 .
0.814.0.777.0.900, B A5 W FH A T4 T LS T4 2
i FH (34 P<0.05) , B G Fr A A L o sk 42
AET RS AR AR I PR [ Vi nT LA o A R
FIRAILI AL, A Bh I DAL OR |, Bl R 5 -

g5 LT, PR 5% 22 Wi 7 7 100000 B0 2 HLAK
T SRR o HLA — 2 B RN M8, A B 08 4
BLIRIBCR , (BB REA BN, A I B4 A
AT .

S 2% 3Tk

(1] P EAF, 5258, % JOPLIR 26 97 B T oA o A e S %

W 1 0 GERIFSE (D). 46 fi T A B BE 2%, 2022, 34 (1) ¢

1144-1147.
(2] =0k, PR, )R, S5 RO U 95 f 1 JAE i 3 A S8 2 4

[4]

(5]

[14]

[17]

HLAREIR PRI ] I PR ANSE S 220k, 2022, 21(4) :440-443.
Ihty, THH, T B, A5 T B T T BN PR 5 i 7 A
AP IEA T R T AR R S () ). Wk R 25, 2023,45(6) -
946-948,952.

FEWIL, SRR, B TR W3 7 R 25 8 7 0 i 3 ™ 2 22 R A
BE AW EL ] GRS B 2R A4, 2020,22(5) : 385-387.
RUDLA WITF B, WK, 45 L R S5RE P e MU AT il 9 A8 2 o
B BT ELLT ). e PROBE A 22 5, 2020, 22(12) : 948-950.

Kaur A, Sharma S, Singh VP, et al. Sonographic assessment of
diaphragmatic thickening and excursion as predictors of weaning
success in the intensive care unit:a prospective observational study[ J .
Indian J Crit Care Med,2022,66(11):776-782.

Soummer A, Perbet S, Brisson H, et al.Ultrasound assessment of lung
successful

aeration loss during a

postextubation distress[ J ].Crit Care Med,2012,40(7) :2064-2072.

weaning  trial  predicts
Dettmer MR, Damuth E, Zarbiv S, et al. Prognostic factors for long—
term mortality in critically ill patients treated with prolonged
mechanical ventilation: a systematic review[J |.Crit Care Med, 2017,
45(1):69-74.

HRIGE T, X B, sRae, &5 L R 558 P 7 e FR A IR e S MR Y
B EL) ] R S0k, 2023,41(1) £ 187-190.

F B, IR RIS RS e 13 B i T HE R ()] A
ILAHPE Y ,2022,29(8) :646-651.

BRIE, AN MR AL A R IRSFHE I POCT 217 AMTIK)
PELT LA G LA AR, 2021,30(1) : 39-42.

Vignon P.Critical care echocardiography : diagnostic or prognostic[J ].
Ann Transl Med,2020,8(15):909-915.

0’ Riordan F, Carton M, Coughlan JJ, et al. The diagnostic yield of
transthoracic echocardiography in the intensive care unit: a

retrospective  observational — analysis[ J ].Echocardiography, 2021,

38(6):844-849.
Pastore MC, Ilardi F, Stefanini A, et al. Bedside ultrasound for
hemodynamic monitoring in cardiac intensive care unit[J].J Clin Med,
2022,11(24):7538-7553.
Joussellin V, Bonny V, Spadaro S, et al. Lung aeration estimated by
chest electrical impedance tomography and lung ultrasound during
extubation[ J ].Ann Intensive Care,2023,13(1):91-97.
Vigotti FN, Di Benedetto C, Fop F, et al. Lung ultrasonography
performed by nephrologist: COVID=19 as an opportunity to reveal
ultrasound” s full potential and usefulness in the dialysis room [J].
Clin Kidney J,2023,16(3) :541-548.
Kheir M, Dong V, Roselli V, et al.The role of ultrasound in
predicting non—invasive ventilation outcomes: a systematic review
[J].Front Med(Lausanne),2023,10(1) : 1-10.
KA BRI AL, AR SR IR S AR HUE “CHROPL I R A
FIAHELT ] e QB IR, 2023,32(2) : 241-246.
Elshazly MI, Elkorashy RI, Ismail MS, et al.Role of bedside
ultrasonography in assessment of diaphragm function as a predictor
of success of weaning in mechanically ventilated patients[ ] ].Tuberc
Respir Dis(Seoul),2020,83(4) :295-302.

(ki B 481:2024-03-07)



