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[Abstract] Objective To establish a model that can predict weaning failure from ventilation through
hemodynamic and fluid balance parameters. Methods A retrospective analysis was conducted. The patients who
underwent invasive mechanical ventilation for more than 24 hours and having spontaneous breathing test admitted to
intensive care unit (ICU) of Tianjin Third Central Hospital from January 1st, 2017 to December 31st, 2018 were enrolled.
The information was collected, which included the baseline data, hemodynamic parameters by pulse indicator continuous
cardiac output (PiCCO) monitoring, B-type natriuretic peptide (BNP), urinary output, fluid balance in first 24 hours when
patients admitted to ICU, and hemodynamic parameters by PiCCO monitoring, BNP, urinary output, fluid balance, diuretic
usage, noradrenalin usage within 24 hours before weaning as well as usage of continuous renal replacement therapy
(CRRT) during mechanical ventilation. According to weaning success or failure, the patients were divided into weaning
success group and weaning failure group, and the statistical differences between the two groups were calculated. Variables
with statistical significance within 24 hours before weaning were included in the multivariate Logistic regression analysis
to establish weaning failure prediction model and find out the possible risk factors of weaning failure. Results A total
of 159 patients were included in this study, which included 138 patients in the weaning success group and 21 patients
in the weaning failure group. There were no statistical differences in all hemodynamic parameters by PiCCO monitoring,
BNP, urinary output, fluid balance within 24 hours into ICU between two groups. There were statistical differences in
BNP (y* = 9.262, P = 0.026), central venous pressure (CVP; x> = 7.948, P = 0.047), maximum rate of the increase
in pressure (dPmx; y > = 10.486, P = 0.015), urinary output (x> = 8.921, P = 0.030), fluid balance (x> =9.172, P =
0.027) within 24 hours before weaning between two groups. In addition, variable about cardiac index (CI; x > = 7.789,
P =0.051) was included into multivariate Logistic regression model to improve the prediction model and enhance the
accuracy of model. Finally, variables included in the multivariate Logistic regression model were BNP, CVP, CI, dPmx,
urinary output, fluid balance volume, and the accuracy of the weaning failure prediction model was 92.9%, the sensitivity
was 100%, and the specificity was 76.8%. When the model was adjusted by variables of age and noradrenalin usage,

the accuracy of model to predict failure of weaning was 94.2%, the sensitivity was 100%, the specificity was 81.2%.
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Conclusion Weaning failure prediction model based on hemodynamic parameters by PiCCO monitoring and variables

about liquid balance has high accuracy and can guide clinical weaning.
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Fund program: Tianjin Major Disease Prevention and Treatment Science and Technology Major Project
(18ZXDBSY00100); Key Project of Health Industry in Tianjin (14KG111)

DOI: 10.3760/cma.j.cn121430-20191015-00032

HUBRE <= FE 490 B (ICU) e -G YT
MG AN B SRR B, e T B R W e e
W 1], LB B IR AL BEAIL ), % 22 - by . HRT
K F AU S (TEie A B8 & oA <) B BEHL
a2 B A 27 BE9T, AR IR 35 4 (RSBD)
B RUFIAK (BNP) 2| A AN K F6 8 (EVLWT)
LG 3 B 0 S AR B WIE S HUGHE “UB L 4G
JRi A — s W TR, (38 R B — 5 A Tt H 7 6
JES 2T, HERRE X 8 B BRI R AR bR &
T T T HLES Sy (OIS e WLAGE . AR S
P I RS 7 1 L O HE L W (PICCO) IMiLif 5)
J12 RS A DS B DA RN R PRI A S
HLTIIAS Y | DA T B 4 TEAR M 1 000 16 A R AL
1 WHE57H%

11 WFGE TG o SR Te0 B BA B B 5 O i, e
2017 4F 1 1 H % 2018 4F 12 H 31 H AP FAE =
“ERHIGA A BIHLMGE SR

111 PABRAE : @ ALE ICU (A B <&
T Q FIR=18 % ; B A RINIMGE S RFL ] >
24 h; @ 17 PICCO Wil sh 712 ; ® DIFRERAGE
IEE + #i By A F0F (CPAP+ASB) #0417 30 min
H EPFI RS (SBT).

1.1.2 HEBRPRAE . © 17E VI @ 47 SBT Hij i
BEolFET s B LA ; @ PORbAR e
1.1.3 AR AR AT G R 2R 20K, it
B2 B B 25 51 2s e (It - IRB2018-031-02),
B PR AL

1.2 W5k

1.2 GERMEAE - JAE A ICU 24 h (NYFEAE
SRR GORE, G AE IS L PR3 . B AR BRIT4r
Stk 2 58 Mg FER L P43 1T (APACHE 1),
¥ B B R TEy (SOFA ), PiCCO WiliF& 45 . BNP .,
PR AR AT AP LRGE SR (0
Wy | VENEIR A ZE A AE (ARDS ), 18 1 BH ZE M it
e (AECOPD ), MFEAESE ) 5 EALHT 24 h N
Il R B AL, A145 PICCO WEIHEHR . BNP ., IR | A
S R L B R R AR IR

AR UM S AL A b A o e 2 W e AT

(CRRT).
1.2.2 e RIERAILES Japks HE o A AL D 21
FNIRAILIE M

1.2.3  JBHLEE R - Fl CPAP+ASB #2347 30 min
SBT. Wi#LAIIbRifE « xRS B IRE 57
6 H 7 d WARTHATAE BIPLAGE R (CIs R 5 2
AT ICRE ) 5 A AN 3R BEHL ST b o ) 1)
Wk AL SR
1.3 Geit2#43 07« J1 SPSS 20.0 i t2p i 475k
PEALF . XFIER AR TR A DI R + ArifE 2
(x+s) FR, H e R BT HRA [H) 25 5 5 SR IES S0
()T AR i DA R A B (D e O (M (Qy, Q) ) 36
71N, PR ARG 5638 P A [ 2 5 5 X502 o DA
BORE S e, i x 2 R 5w gl el 22 520 8%
JRHLAT 24 h N Z 554 G248 AR A 2
ES Logistic [ U5 434, 28 7 B AL 2 D S s Y I
Hosmer-Lemeshow £ 56 #5581 LS00 B, FH 321805
TAERHIE T 2 (ROC) P4 T 450 750 X6) i AL 2 I 1)
TIMRE F7 o o0 T RESE HERG K BUBALR M fE R R 25
W WS I RS Bk h S 2L M S 8L 45 B
U437 R FEBR Ay M 4 4 (T1, T2, T3, T4), JAL
Al 24 h 22538 Geit i U A s, LADU S 80Ch
SRR3R 4 B A B Z S BB S AU
AL H K Logistic [HH 4 H7H , 5eJ5 K545 S8
AU HE (OR ) ZiPE#a#2 (P for trend ), 24 P 1l P for
trend < 0.05 BFA 22 A Gt XL
2 &% B
2.1 EERLTOR (R D) A RIHLAEE S 668 6,
HERG A BNHLIGE S <24 h 171 ). &K SBT 1 B2
AT 164 ] A DI 90 il | dE CPAP+ASB #
AEHL 2 6], K47 PICCO Wil 152 1], GER} A 58 5%
52 i), e XA 159 151, FLh AL A T4 138 4], 15t
BLRISZE 21 5, WL AR MRS L B . AILARGE <5
BERFRIESY . APACHE [T 3E4) . SOFA P43 L4
S HG 2 FE X (B P>0.05), BiHLAEMA4E
1% =60 % FHW W2 TR (P<0.01),



PR TG B EE S 2020 4F 2 H 45 32 4845 2 18] Chin Crit Care Med, February 2020, Vol.32, No.2

* 173 -

£1 ANICU24h HEBHINBEN A

BEMHBSBERELHTRILE

2.2 PHZH[ELA ICU 24 h WIRIRZERHEEE (£ 2) ¥
A ICU 24 h § PiCCO Wil =%, BNP. JRi= LI4S H

- Hﬁ(ﬁ*ﬂﬁiﬂ]iﬂ ﬂﬁ@(maem&)zﬁ XZEZ/ i VU 52K R SR 73D 4 A2 R T o LA
n=138 n=21 t N N N N N
ek & S D T AR =B
BT (%)] 25 (61.6) 0429) | 2618 0152 JBRATL By 40 5 AL WS 2 ) 2 S 4 T e 24 7 L
A (91(%)) 7.002 0.008 (¥ P>0.05),
<60 4300 2(95) 2.3 PRLLIIBHLAT 24 h NI R VORHECER (% 2~ 3):
=60 % 84(60.9) 19(90.5) 4 KL BT 24 h P PICCO Wa i 22 %0 . BNP. 7 5+ LI
e lem, M(Q,, 0,)) 175(165,179) 165(161,175) -1.814 0.070 X o PR -
UGS (41 (%)) & B A ECH TR 5 4 WA A TR B, T
géiﬁf ;‘;‘Eiéiz ZE;Z;; 2(9’;3 (1)(1)8‘3) PiCCO Wil iy 1 35 2 71 2 Fa br b, AL DI 4 5
ARDS 6( 423) 1( 4:8) 0:007 1:000 JBBIL 2R WAL o i ik (CVP), e %8 MU ) 4 8K
ji&=hd 15(10.9) 5(238) 0079 0477 (dPmx) 22 5 ¥ A Ge it 5 L (3 P<0.05), TF 1
i o oA 2U9S) L OISy o i S, WL BNP R R
BRBPE (0, x£s) 34242233 4332260 -1.648 0.101 e N .
APACHE T fif i 2= F WA G E (3 P<0.05), P4LBAL
, 25(22,28)  26(24,29) -1.393 0.164 . N " L e
(5, M(QL, Q1)) AT 24 h YA SR AT CRRT 3677 i 11K Ho i 22 1
SOFA P14 (4, x£s)  9.40+4.67 9.76+5.04 -0.329 0.743

T ICU DA FEAEWEPR 5, AECOPD Ay 1 P FHL ZE P i g a1k
JNEE, ARDS Sy 2 MEIFIA A£G 18, APACHE 1Ly AR H 2

B PEGERERBL IS T, SOFA by 3 B35 B REB 1143

K2 RERYBRYAAENMEBSEEN ICU 24 h ALK BHLET 24 h A&IEHREER

TGt L (B P>0.05), BHLR M L HE -
JRER AT TR v TR AL IR AL, 22 R e X

(P=0.056).

WEHLRINAL (n=138)

JEHLR AL (n=21)

| - 2
e Tl T T3 T4 Tl T T3 T4 x5 P
AICU24h
BNP (4 (%)) 37(26.8) 36(26.1) 32(232) 33(23.9) 2(95) 4(19.1)  8(38.1) 7(333) 4833 0.184
HR [ 1(%)) 31(22.5) 32(232) 38(27.5) 37(268) 8(38.1) 5(238) 3(14.3) 5(23.8) 3122 0.373
MAP ([ #i(%)) 33(23.9) 32(232) 36(26.1) 37(26.8) 6(28.6) 7(333) 3(14.3) 5(23.8) 2.023 0.568
CVP (] (%)) 31(22.5) 43(31.2) 25(18.1) 39(28.2) 2(95) 5(238) 3(143) 11(524) 5320 0.150
GEDVI [ (%)) 35(25.3) 36(26.1) 31(225) 36(26.1) 3(143) 7(333)  8(38.1) 3(143)  4.140 0.247
EVLWI (#1(%)) 27(19.6) 25(18.1) 50(36.2) 36(26.1) 1( 48) 3(143) 8(38.1) 9(42.8)  4.248 0.236
PVPIL (] (%)) 34(24.6) 42(30.4) 32(232) 30(21.8) 4(19.1) 5(23.7)  4(19.1) 8(38.1) 1.114 0774
CI [ (%)) 20(21.1)  42(30.4) 33(23.9) 34(24.6) 8(38.1) 2( 95) 7(333) 4(19.1) 3330  0.109
SVRI [ ] (%)) 32(23.2)  41(29.7) 33(23.9) 32(23.2) 4(19.1) 2( 95)  8(38.1) 7(333) 4493 0213
dPmx (i (%)) 38(27.5) 38(27.5) 30(21.8) 32(23.2) 1( 48) 5(23.8) 8(38.1) 7(333)  6.753 0.080
PR (B (%)) 30(21.8) 38(27.5) 37(26.8) 33(23.9) 7(33.3) 4(19.1)  3(143) 7(333) 3330 0.344
Mﬁ;ﬁﬁjﬁ 29(21.1) 25(18.1) 33(23.9) 51(36.9) 3(143) 7(333) 5(23.8) 6(28.6) 2.865 0.705
JEAILHT 24 h Py

BNP [ (%)) 35(25.4) 39(28.3) 34(24.6) 30(21.7) 4(19.0) 1( 48) 6(28.6) 10(47.6) 9.262 0.026
HR (1 (%)) 33(23.9) 27(19.6) 46(33.3) 32(23.2) 5(23.8) 2( 9.5) 6(28.6) 8(38.1) 2.744 0.433
MAP ([ 41(%)] 29(21.0) 36(26.1) 37(26.8) 36(26.1) 9(429) 3(143) 4(19.0) 5(23.8) 5.136 0.162
CVP [ 1(%)) 31(22.5) 34(24.6) 36(26.1) 37(26.8) 0C 0 ) 8(381) 4(19.0) 9(429) 7.948 0.047
GEDVI (] (%))  31(22.5) 36(26.0) 36(26.1) 35(254) 7(333) 4(19.1) 5(23.8) 5(23.8) 1314 0.726
EVLWI (f(%)) 16(11.6) 54(39.1) 27(19.6) 41(29.7) 0(0 ) 6(286) 6(286) 9(42.8) 4617 0.196
PVPI [ ] (%)) 23(16.7) 49(35.5) 28(203) 38(27.5) 2(95) 4(19.1) 5(238) 10(47.6) 8.921 0.202
CI (#1(%)) 28(203) 34(24.6) 39(283) 37(268) 11(524) 5(238) 2( 95) 3(14.3)  7.789 0.051
SVRI [ ] (%)) 34(24.6) 36(26.1) 36(26.1) 32(232) 4(19.0) 5(239)  4(19.0) 8(38.1) 2244 0523
dPmx [ ] (%)) 38(27.5) 37(26.8) 33(23.9) 30(21.8) 1( 48) 3(143) 7(333) 10(47.6) 10486  0.015
bR (9] (%)) 29(21.0) 34(24.6) 35(25.4) 40(29.0) 5(238) 2( 95) 6(28.6) 8(38.1) 8921 0.030
ﬁﬁyﬁi{ﬁ 39(28.3) 34(24.6) 34(24.6) 31(22.5) 0( 0 ) 6(286) 6(286) 9(42.8) 9.172 0.027
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- T1 4 T2 4H T3 4 T4 4 P for
v (n=159) (n=159) (n=159) (n=159) Gzl
CI ¥ (mL-s" -m™, M(FEH)) 39.51(<45.51) 49.68 (45.51 ~55.51) 59.68(55.51 ~65.51)  72.68(>65.51)
A 1 OR {H (95%CI) 5.810(0.771 ~43.797)  3.156(0.398 ~24.999)  2.043(0.210 ~ 19.907) 1(BF4) 0.045
LAY 2 OR {H (95%CI) 3.828(0.407 ~36.022)  3.440(0.350~33.751)  1.810(0.153 ~21.257) 1(B3%4) 0.143
dPmx ZU{H ( mmHg/s, M (5 ) ) 753 (<896) 976 (896 ~ 1107) 1234 (1107 ~ 1346) 1549 (>1346)
FiR 1 OR {1 (95%CI) 0.025 (0.002 ~ 0.327) 0.112(0.016 ~ 0.774) 0.729(0.151 ~ 3.532) 1(Z%41)  0.001
H&H 2 OR {H (95%CI ) 0.026 (0.002 ~ 0.405) 0.128 (0.017 ~ 0.957) 0.957 (0.169 ~ 5.426) 1(Z%4])  0.004
CVP %0fti { mmHg, M GER) ) 5(<7) 8(7~10) 11(10~14) 16(>14)
R 1 OR {H (95%C1) 0.000(0.000) 0.995(0.211 ~4.702) 0.494 (0.073 ~ 3.345) 1(BF4) 0.024
A 2 OR {8 (95%CI ) 0.000 (0.000) 1.235(0.244 ~ 6.257) 0.779 (0.099 ~ 6.148) 1(B3F4) 0.034
PR BUE (mL/24 h, M (GEF)) 1030(< 1750) 2200 (1750 ~2500) 2795(2500 ~3150) 3925(>3150)
FiR 1 OR {1 (95%CI) 0.549(0.036 ~ 8.288)  0.822(0.069 ~ 9.845)  0.187(0.014 ~ 2.456) 1(B3%4)  049%
8 2 OR {H (95%C1) 0.570(0.028 ~ 11.655)  0.931(0.060 ~ 14.444)  0.266(0.015 ~ 4.747) 1(Z%4]) 0579
AR BUE( mL24 h, M (FEFE)) -1620(<-995) —546 (=995 ~ -309) -225(-309 ~ 510) 1036 (>510)
R 1 OR {H (95%C1) 0.000(0.000) 0.397 (0.058 ~ 2.706) 0.256 (0.042 ~ 1.579) 1(BZF4) 0.043
A 2 OR {8 (95%CI ) 0.000(0.000) 0.243 (0.026 ~ 2.235) 0.111(0.011 ~ 1.095) 1(BF4H) 0.034
BNP % [ ng/L,, M (GEFE) ) 33(<101) 146 (101 ~ 215) 351(215~592) 1393(>592)
FiR 1 OR {1 (95%CI) 0.458 (0.067 ~ 3.141) 0.082(0.005 ~ 1.417) 0.382(0.056 ~ 2.583) 1(Z%41) 0371
15781 2 OR 1 (95%CI) 0.509 (0.066 ~ 3.904 ) 0.066 (0.004 ~ 1.221) 0.328 (0.043 ~ 2.499) 1(Z%4) 0459
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PUSMEERL (Q), T4 EUE = Qy 5 C1 M ODHEINFE ST, dPmx SHZ2ZEMAE J1HR 5L, CVP O #bk I, BNP S B RIEJIK, AED 1 4 BEHLAT 24 h 9
) BNP., CVP. CI. dPmx . bRE  BIAEA A Logistic [0S Fr A5 (RS A6A0 2 Sy FHARIRS AN 25 FEF AR A T8 1IE /5 19 Logistic [n1)5 fip
TRIEIAL, OR HEFLL, 95%CI 2 95% TIEIX[E], P for trend K 4 LR EANA Logistic IAEAIR TS OR (BRI ELER 5 1 mmHg=

0.133 kPa ; 25 FAAR AR
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