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[Abstract] Objective To investigate the clinical efficacy of BiPAP in the treatment of heart failure with reduced
ejection fraction (HFrEF) by pulse induce contour cardiac output (PICCO) monitoring technology. Methods A total of
358 HFrEF patients admitted to The People’s Hospital of Xinjiang Uygur Autonomous Region from January 2017 to
December 2020 were included. There were 208 patients with non-invasive ventilators assisted ventilation (NIPPV),

among whom 146 patients had PICCO monitoring indications and signed informed consent. The parameters were divided
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into BiPAP group (n=74) and Mask oxygen group (n=72) by random digitalization. Pressume PICCO coefficient and
percentage of mechanical ventilation were compared at 4 h after intervention. Referring to EVLWI, we presume that 39
cases were found with COEFFICIENT (PICCO-+ BiPAP) in BiPAP intervention group, and 30 cases were found with
mask oxygen inhalation (PICCO-+ mask oxygen inhalation). PICCO data were measured at 0 (baseline), 4, 8, 12 and 24
h, respectively. The changes of BNP, blood gas, CI, EVLWI and ITBVI in each group were statistically analyzed. The
incidence of cardiogenic death, malignant arrhythmia. cardiogenic shock and the conversion rate of non-invasive intubation
were analyzed. Results Compared with mask oxygen intake group, BiPAP group had a lower probability of mechanical
ventilation, oxygen partial pressure recovered faster at 4 h, and EVLWI decreased (allP<C0. 05). Taking EVLWI=>10 as
the limit, we presume that BiPAP assisted EVLWI patients had more obvious clinical effect, and presume that BiPAP
assisted EVLWI patients gradually decreased, cardiac index increased, and intrathoracic blood volume index decreased
(P<C0.01). We presume that there was no statistical difference between THE above-mentioned indexes in EVLWI<(10
groups (P>>0.05). In HF patients with EVLWIZ>10, compared with mask oxygen intake, BiPAP therapy was more
effective, and mechanical ventilation was lower and cardiac lipid number increased (P<C0. 1). Conclusion BiPAP mode is

beneficial for patients with EVLWIZ=10 to assist ventilation, reduce BNP, increase CI, reduce invasive mechanical venti-
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lation and improve the success rate of rescue.
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L E 6 min AT I B I B0 A0 % B I O3 B (Left
ventricular ejection fractions, LVEF)™ | 2018 fik
Bl ) 3 SR 12 W RIR I  E  R I k4 0 i
i (Pulse-induced contour cardiac output monitoring
technology, PICCO) Jil T ifiL ¥ 8 J1 2 IR A A Fa i » i
AT AE VT W 38 B HE VL N ST R D B X T
i (WA =25 ¥ /min, SpO, <<90 %) R LR
5T A, SR T A I 0 AL B a6 Sl 43
BUREAG AL 0> )7 32 95 (Heart faihtre with reduced ejection
fraction, HFrEF) [ A IfiL it 81 71 2 1Y 52 Wil b 75 2035
HFrEF 193 . A0 DG4 8 £ 0 HA 4l . A5
Wit PICCO Wil A , LAl 48 40 il 7K 35 %k (Extravas-
cular lung water index, EVLWD #5§50% & HFrEF #
A U BUK O AJE IE R 3 R (Bilevel positive
pressure ventilation, BIBAP) J&J7 , PE it BiBAP iR J7
HFrEF B35 M6 R 20.
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1.1 — %R ¥EEL 2017 4E 1 H ~2020 4F 12 A #r
WAEE/RARKANRER CCU #1128 HFEF %
358 il . $2 TG A 0 A1 % Bh 3@ <. (Non invasive positive
pressure ventilation, NIPPV) & i 5iF #F 47 fE & 5, 3
208 f) H.#& NIPPV i Bk . Hor, B4 PICCO Wl
I AE H 2 5 NG R R 146 1) 4 i i R Ay
4. BiPAP 41 74 f5il . Hovp B ¥k 42 5] (56. 76 %) 5 T B
WSR2 72 9, o BB 3196 (43.06%) . WIZEBI kL

BIAH. 2 5 LG 28 X (P=0.136), FHKHE
EVLWI=10 3 BiPAP #H (n=39) .EVLWI=10 Jf i
B A 4 (n=30). EVLWI<C10 3 BiPAP 4] (n=
35) EVLWI<Z10 Jf 1] B W 8 2 (n=42) , 76 15 5
LR TO J5 MR A I 18] 3 590 W 3 A< IR YT 4.8, 12,
24 h ) PICCO %#li. A4dlE 4 B A PICCO I 5L
W B 2% 1M 9% 3h 1 %% (PHILIPS, D-71034B, Germa-
ny,PICCO & F ¥ BB HO) . XF T 48 ik 10 A g <
90 %0 B, 45 T BIPAPHE Bl <, 45 41 130 8 Rk B fE <<
50 Y0 O FIZ 45 1F T $8 ok S0 0 B2 R RE 2 F5 76 90 26 LA
YRR NGNS R G A X R W R
WA T ABEGE) . M ARRME: DB F A A1
B PaO, /FiO, <300, BF WA 46 =25 ¥R /43 1L 48 4R A
JE<90% ., @0 WM 5 0 2 B B 62 Wi o HEGEF,
LVEF<C40% . M3 4k 55 [ 41 29 .05 W 5 2 2 A o 0 Zh fig
2% (New york heart association, NYHA) 2 [V 2%,
QR EMEE AR E & AT H AR ZE. HE
PR AR <<18 & FI =80 % 4T ik, P WA 36 <12 YK/
O3Bl K& PLETEF R R IT A <<12 4% ™ E ML Bh S A
FasE Q4R <90 mmHg) . i IfiL & ZUAE (Bl bk I & >
180/120 mmHg) . .Co MEARME NG » 56 KAk 0 ERG » <8 43
Wt Z2 HAHESRAS ISR A7 AE S A A S i) B2 1Y
1A B . PICCO & BAE : DK 70 . @ &Pk g
H 38 %5 A fiF (Acute respiratory distress syndrome,
ARDS), Q&AM LIRS, Ofighkm K. @0
IE X G ERHTFAR, ©EQG. OESEHET
A DA R B0 I ) RE RO BR 2 IR SR DAY R
H AN IRE O IE T E B 45 DL R O ik
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Figure 1 Experimental grouping of patients with heart failure

(RVEE TG B W W BIL 3 1) 7 N 52 i 58 IR T IS B0 R
JA] BRI #2596 97 O 48 . AR AR BB 3 T R AIE 1B
FRIE A VPR R R G — 45 DL V60 T I (Phil-
ips. Eindhoven. fij >%) BIPAP #% X 4 Bh 1 /<. EPAP ¥ &
4 5~6 cm H,O,IPAP i} 10~15 cm H, O, 4 V&
W50, LR < & 6~8 mL/kg, Xt FiAJ7
S0 [00) 07 Wl 5 3 5 35MR 4R UL AE (PaO: << 60 mmHg) .

PaCO:>50 mmHg I 5 (pH {H<7. 35) , &I
WAIRYT N BRI E AT AE I RN THLMGE R
PEHC ] 0:00 A Z YR H 0:00 & #E47 [ 5 i 8] A oF
5 A ] B AT RE [F] 20 25 f8 38 AR 07 L0/ R 7 L 4 B
HH B AR 236 st PICCO B2

1.3 Geits#srtr Bdii R A SPSS 26. 0 #1741t
GRS THECEE RN LA n (000 RoR AT R OT K B B2 I
F IO R DA T SOA T O B SE AT 20 B s T F 8 B R DU
(x£)FR CRHAM S AEA ¢ K50, JE 1B 70 6 ERER
FHO BURE 0 )5 IE AT B3T3 M. 16 25 40 A3 1 35 52
Y TE A BT R R R R A 7 25 00 A, P <
0.05 hERAGI¥E L,

2 HR

2.1 BiPAP 41 5 1 52 A 4 PICCO #H 5 FE 26 7% %}
Fede TG R R 97 AT BIPAP 4 5 i B 4R 4l
PICCO— ¥R L #8, 22 R G122 B L (P>>0.05),
W1,

#x1 BIPAPASEERSRA PICCO —fEERM L [n(X1072),

(x=xs)]

Table 1 PICCO baseline data of BiPAP group and oxygen mask group

27 BIPAP 4l (n=T74) EWAH =720 T/¥
AR () 60. 62410, 44 61. 4010, 72 0. 401
2 RUBE PRI 26(35. 14) 19(26.39) 0.931
e ML 33(44.59) 21(29.17) 3. 094
LnBNP 3.3620.18 3.3540.23 0. 441
LVEF 35. 2824, 50 35. 6444, 15 0. 307
2 B i 7.3440.09 7.36240.08 1.086
AorE 89.0244. 88 88.8346.19 0.223
O E 45 % 2.4740. 69 2.4440.76 1.337
CI 2.94+0. 86 2.9840.77 0. 284
405 L) B 16.387. 49 18.11+7.51 1. 494
rhL K 10. 62+6. 03 10. 334457 0.353
EVLWI 13.8626. 64 13.094+6. 12 0.781
Wl g 2 A 8 1314.524267.23  1230.1924:233.90 1. 445
SVRI 2368.064-852. 82  2381.47+853.03  1.629
PVPI 3.7641.29 3.7141.33 0.234
R iH 1.87+0. 20 1.9340.27 5. 042

7 : LnBNP . B 2 fiii 44 Jik (BNP) Sy f 25 43 Aii 9 K}, SR F BUX 850U 5 35k
IEZ 4345 %8 &L LnBNP

2.2 BIiPAP 2 Je i S5 W AR 697 4 b Il 3h ) ¢ 48
bRl 5 s A A . BIPAP 41 4 h EVLWI
HARMKE L, ZERAGHITEE N (T=2.469, P<
0. 05) , A bifi 5 B} ] 4E K-, BIPAP 4t EVLWI 48 %4 3
WA AR ZERRAR ., 5 BIPAP 2 Feo# . T B A 20 4 h %%
BIUAHCE L 1 4 8 22 5 A e 12 7 L (P<C0. 05) , DL
x2,

2.3 BiPAP 4B & 67 4.8.12.24 h i} InBNP,CI,
Jiby g PN ML R FRAE By He e BiPAP 41 LI EVLWI
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Table 2 Comparison of hemodynamic indexes between BiPAP group and mask oxygen inhalation group after 4 hours of treatment

21 5 n % T HArE CI EVLWI Jifg s PN 1L 25 FR 4 £ SVRI BB S
BiPAP#4l 4 h 74 7.3940.04 95.7242.73 2.7240.63 10.2842.73  1190.224246.73  2235.15+838.98  4(5.56)
MEWEA 4 h 72 7.3820.06 94.7942.79 2.5340. 68 12.064:6.08  1257.3974255.92  2274.282833.85 12(16.67)

T/ % 1.173 2.179 1. 847 2. 469 1.737 0. 304 4.612

P 0.242 0.031 0. 066 0.015 0.762 0. 084 0.032

OB 4> 5 2, BIPAP+ EVLWI =10 40 39 ], H 0.001) H JC 4 18l 52 HAE F (F=0.931, P=0.437),
3 BRI B Ak B R4S A A PL B G <0 BIPAP - BiPAP+EVLWI<10 By % CI B A BT Bk,
EVLWI<C10 4 35 i , Horpr 5 5 <] 5 15 728 1k 5% <480 4 B2 57 IG5 L (Py = 0. 391) 5 i 2 I 25 LR
EHMGE S . XIARYT S 4.8.12.24 h PICCO #8F5 il BAEM A A FBE Py <<0.001), Py <<0. 001) ,{H
155007 BIPAP+EVLWIZ=10 0y 55, B 25 B 8] Y TP A AFAE A HAEH (F=5.295,P=0.002), lL3 3,
FE K, CT Bifi 25 B a] ZE 4 70 32 85 (Pygig <<0. 001, Py <<

%3 BiPAP B &R 4.8.12.24 h.InBNP .CL.ITBVI B L& (xt5)
Table 3 Comparison of InBNP, CI and ITBVI after treatment for 4h, 8h, 12h and 24h in BiPAP group

41 5] n B[] 25 InBNP Cl g Jis A i 5 AR KR
BiPAP+EVLWI=10 24 36 TO 3.5740.17 2.49+0.63 1239. 674255, 21
T4 3.4840.18 2.5540. 69 1168.134265. 09
TS 3.37+0. 14 2.66+0.56 1000. 884220. 81
Ti12 3.46+0.19 2.77+0.68 1053. 324255, 21
T24 3.31+0.23 2.75+0.54 945. 49+159. 25
BiPAP+EVLWI<10 2 25 TO 3.5740.19 2.5140.68 1265. 474242, 76
T4 3.547+0.23 2.50+0.59 1255.524325. 58
T8 3.50+2. 24 2.53+0.68 1166.38+253. 58
T12 3.5140.15 2.6040.58 1211. 934228, 84
T24 3.5140.21 2.6540.55 1221.174248. 79
JERUNGN i GG or HF &% 0. 750 0. 880 0.711
2 ] b A F;P 20.3683;0.001 0.7475;0. 391 24, 833;<C0.001
] L F;pP 13.941;0. 001 6.992;<0. 001 17.031;<20. 001
2 HAEH F;P 6.008;0.001 0.93150. 437 5.295;0. 002

2.4 BiPAP 41 F 1 B0 & 410 14 Mace 4% o P<20.05); EVLWI=10 fiy BiPAP 41 fl 1 2 0% 48 41 £
G VT <2 1 I W RTIN & 7 R NPT - 7/ NI FEMET-REK . ZR LS5 E L (P>0.05), L
14 Mace S5 {4, 1 25 W & 41 B & & T BiPAP 41 (3% # 4,

&4 BiPAP ARHEERALA D ME Mace FH LB [n(X1072) ]

Table 4 Comparison of mace events between BiPAP group and oxygen mask group

215 n HEHLIGE S W OHER R BET L i O YRR 5
BiPAP+EVLWI=10 41 39 3(7.69) 2(5.12) 2(5.13) 1(10. 26)
T+ EVLWI=10 41 30 8(26. 67) 7(23.33) 3(10) 10(33. 33)

e 4.556 4,955 0. 434 5. 583
P 0.033 0. 026 0.510 0.018
3 itie A+ U8 20 W W T AH S A il 2% I AR I 18 L A4 A0 B A

O g 3 by FE B %) e T T L A3 BEL T 8 s KI R AE B A R I R AWE 58 O {6 30T 45 Ok X o0 il
SRR | IS W NaE (U R SN DDA Z 8] 52 BAE A AF 5T © 3 W 52 2 5 A0, 11 JC B P AL
| J P BT Bl 48 O DT B N A B RE R TRITAE O ) 6 0 RO I I R 32 B0 £ OGN
J& A AE T 5 e 3 R LY A BB 51 R M BIRA R RIE . EXT AHF BEAEE B L H "
E7 NI 87D il E VA N V2 B S SR N A L W MACE S % Az 305 T I B A 25 00 T Hhoo i ik
(Invasive positve pressure ventilation, IPPV ) i JE {5 PICCO # 1A > & H i W5 0 i 3 25 71 2% W9 42 48
NIPPV . i JR_E Ay i 0 R b 22 ) TPPV iR OB B AR ABFSEE i PICCO 1L 2 J1 2 W il e 1
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JCBIE R, BIPAP A5 26T 56 1 43 55 1 AR 1 0 g 3 v AR
M B ) 2E W5 e, i — 2 PR AL BIPAP %  X)
HFrEF 20 0 R0E 1 I R 38R B 1 U5 1 52 1

PLAEBIE ST X 45 01000 BIPAP R 4253 IE JE
i S, (Continuous positive airway pressure, CPAP) f&
KR4 TEAE O J) 0 R H AR 45 A5 AE IR .6 min 2P
70 B L 48 WK RV RN BE LIS A B PH s, o
BiPAP NIPPV mJ HR i o35 AHFE Fiik 46 1 ) 6 & 15
SBE LRI I UR 2 77 2% | 3 bk il SORn SO0 BR AR AR
SR 58 ¥ A T 20 Bl 38 1 BT 809 1 3 3h ) 2%
FeAn . [F) B o ¥ A 1 B AT R X IR A, Killen
AR AN M X R SCEE RIS R L RS EE G T
I Bl 2 B0 1 S 25 25 5, 40 = QI A T T UL 4 R
B |55 Tl o L 85 sl Ok e 3 R B R K AR L AFL A 2
VEAG W & ok B oep xR 2% AR 0 L DL e
BiPAP NIVFEIZ W 8 % b iy B s2 . P il IR
HIF 5 J2 T 0 200 15 B 3R —F 3906 B BB i) 280 07 T 3K
ONEIEE i I=P WV s e DS Bl R T SR T e o
Shuang %" BF5E & 3. EVLWI 5.0 5 8 #l 5 77 1E
3 A OC M L T TE A R k% EVLWILL R I AE Bt
D IEL YRR 145 T IO R SR YT AT RE O R E
WG SE H Z ik ts. BAEASE " #F5 B R, EVLWI
7£ ARDS (% A% B K BUR B A 18 5 8 X RITEAG
Wl , EVLWI 5.0 5 & 2 6, 5 3R 2 A
KB EVLWI [ 35 56 T2 KUK 85 55 . Chun ST
WFIE 7 BIPAP B0k 2otk O 00 2 0 78 A R0
G TR BN R B  IF WA B AHF 835 10 %, 3%
Pl 0 J1 3 KA 25 . AW 5T A1 BN R 5T K
S, CPAP fit BIPAP JG 4138 3R 97 22k 0 22 £k 5
I3 B AT #8 AG 2% . L BiPAP T8 < A B T ik
HERH VPRI RE . A W AR5 BIPAP 78 B 7] 58
HAEMT  HFrEF 85 I3 ) 1 2R AWK 5216 B2 &
515 A ACIRZS A 56, L BCAE Al B i B0 R R 4R OR
TCAN I W KL 4 Bh 94 7 38 A R A B e I ML SRR T
REtE

AHFSE K, BIPAP 20 4 h EVLWI A X% T 4
B2, H5mE ALK, ZRA5IT¥E X
(P<C0.05) ,{H [ & I [a] i% %€ & , BIPAP 40 EVLWI
FEBOT B AT 4k 22 A%, 4 b7 7 AT BE 2 EVLWI #£
HF 400035 5 - il 20 2058 A< i b (i (V/ Q) 15 Dk
2 A B4 BH g R AT, CTO3 i Rt EVLWI AR, {5
PR 8 AR PR B 109 ok 5 EVLWIKF & 5
iCA 6 R E K EVLWI 5 HF g5, 2458 <45 LU
M5, EVLWI [ AK B &, iff 78 EVLWI s ik 28 &
HF i N2 A B, i EVLWIZ=10 f BiPAP

(39 ) i B2 0 4 (30 i) HR 3 i 309 56 T 3R 22 () G B
B2 5 (P>0.05), 287 o] e 5 . — & %
11077 A P = o N 71+ [ N ) Ol w5 [ S £
FE A PR S R S R B T LR R PR SRR
%, Wernly 250 iff 58 & B0, EVLWI X #AE 5 %, 0
LI A I il K i i B B A B 3 0 WS A . Mayr
oY K B, EVLWI 5 i 3 48 7 fili K i B 28 47 7E
A OCME  F— 2D SR B, EVLWIZ= 10, il il il 7K
fift ROC i F AR 0. 977, 2518 5 AR FE 45 50 —3L .

AWF5THE 7% . BIPAP 4] HFrEF & %, EVLWI [&
I HLAGE HE R AR, 76 4 h B 5000 Rk &2 B B
EVLWIZ=10 B #H G RBOL ] 2, 7 #5 T HFrEF [%
ik BNP . 34 fin CL, 3 2> A B B A <, 32 w55 46 Ko 2
., TR TC BT 0 B4 Bl 8 SO e 8 A R UA A
SARYT . B4 m i i KA 0 TR SR IT KR AN
REA Rk 5 8 G 18 B0 /B 38 BE S BOA A 46 8 BOA 1
FET %A T (R s R G A I L T R R A
B R AS S B S AN TG S A PR R L AE R | 23 3 R
HE R S A 6 B R e DA AT 9 2 A A o 1) R
RN A A 46 A 0 e e AR AN G A R
W B EEE Ly EE, AR,
EVLWIHE £ =10 £ 24 #) & X B4 A BiPAP % Bl i
¥R HEEF B A R EA —E NS H M.

{AA B FEAFAE — 2 Jay RV B 58 B A 461 5 O 2
LB A A s ok AL R B R R F e = 57 %
2784 5 B 5T ok dk 2 9 R FE A B, R ILZ
O VH B I PICCO 28 B, & 48 K w4 19 4l
PICCO% ¥l 48 5 HF &AL BT & 7 58, if — 0 W 42
BiPAPHLGE X HErEF B 6 RT3 .

4 Hig

BiPAP #ist % EVLWIZ=10 5 3% i B8 5 15
T HFrEF FEAR BNP . 30 CT, 38 /0 A B AL e <, 48
e ROR T A

(&% 3]
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