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(HEE] HN SR iTaEaE s o) i & Y 2 4t ( continuous non-invasive arterial pressure monitor,
CNAP) W5 f) ik s 728 57 JEE (pulse pressure variability, PPV) 7E4% 5 AMRIA 5 £ AR R 75 19V
Jiik RABEHL EBFSE 7 %6, BEPE 2018 4F 8 H &= 2020 4F 8 H A it 44 5 I B TAE B2 “# RHIGA 1 A}
AJG AR M2 5 8 S IREE AL 2R 1253 2 PPV ZH AL i K E (central venous pressure, CVP) 4,
B L CNAP Wil PPV (<10% ) #1 CVP (8 ~ 12 mmHg) oy H AR 3 10 k45 AL I8 T 2GR A2
SRIRARI ] ATUAGE S TR A2 95 38 SRR £ U il O e e A 38 s R G B b o 52 53R
BB IR Bl 1223885 [ 0o (heart rate, HR) SE14) 3k & ( mean arterial pressure, MAP) .CVP [MEIM3E
H((cardiac index, CI) PPV ] FIZ LV R AR H 0o K I 42 1 F1E ( central venous oxygen saturation,,
Sev0,) BBk IfiL FL B2 (lactic acid, Lac) . % fit 38 %% ( oxygen delivery index, DO,I) . %8 #E $5 % ( oxygen
consumption index, VO,I) AR HEHUZR (oxygen uptake rate, ERO,) |, &5t gy A 78 #ijd &  Hp PPV
20 38 f4i] CVP 24 40 f4i], PILH B AL 1) — O PR BRI U 3 ) 2 FnAH VAR R AR e e 127 22
Sto SN IR E I L 3 )77 e VR E bR 2 A B gl , MAP (CT J¢ PPV Je&i it 22 5 (1
PPV £ CVP B & {XF CVP 4H(P<0.05) . PPV £1f) Sev0, .DO,I.VO,I & ERO, ¥ 5.7 F CVP 4
(P<0.05), H Lac By 2K T CVP 2 (P<0.05) , PPV ZH 15 Jr ik bir i ) S ATL ke < i) [|] B S 4 0, 3R
THBAT- i 5 B sl O Ml I e R AR R R AR (P<0. 05) o 8518 A& 2o B i 5 I R 48
D Jok s A S JBE R DA RS AR I 2 o A A LB R A SR 5, A B TR PR AR i 3 ) IR A 2L
AR SURETE , 206 Jod AL I 1), sl Jii - A 1) 24 2 RS o
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patients: a prospective randomized controlled trial

XUE Yimin', HUANG Tingfeng', CHEN Meiqi', FAN Qiaolian' , LIN Fenghui', CHEN Feng’ '"Fourth Department
of Intensive Care Unit, *Department of Emergency, Fujian Provincial Key Laboratory of Emergency Medicine, Fujian
Provincial Hospital, Shengli Clinical Medical College of Fujian Medical University, Fuzhou, Fujian Province, 350001,
China

[ Abstract | Objective To investigate the effectiveness of pulse pressure variability (PPV) measured
by continuous non-invasive arterial pressure ( CNAP ) monitor in guidance of fluid resuscitation in
postoperative hypovolemic patients. Methods A prospective randomized controlled trial was conducted on the

postoperative hypovolemic patients admitted to Department of Intensive Care Unit of Fujian Provincial Hospital
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from August 2018 to August 2020. They were randomly divided into PPV group and central venous pressure
(CVP) group, and fluid resuscitation targeted by PPV <10% ( measured by CNAP) and CVP 8~12 mmHg
were performed respectively. The main outcomes included fluid resuscitation time, duration of mechanical
ventilation, cumulative fluid balance and incidence of cardiopulmonary complications. The secondary outcomes
included hemodynamics [ heart rate (HR) , mean arterial pressure (MAP), CVP, cardiac index (CI), and
PPV] and tissue oxygen metabolism [ central venous oxygen saturation ( ScvO, ) , arterial lactic acid (Lac) ,
oxygen delivery index (DO,I), oxygen consumption index (VO,I), and oxygen uptake rate (ERO,) ] as the
goal of fluid resuscitation was arrived. Results A total of 78 patients were enrolled, including 38 in PPV
group and 40 in CVP group. There were no significant differences in the baseline, hemodynamic and tissue
oxygen metabolism parameters between the 2 groups (all P>0. 05). The hemodynamic and tissue oxygen
metabolism parameters were significantly improved as the goal of fluid resuscitation was arrived. No significant
differences were seen in MAP, CI and PPV between the 2 groups after fluid resuscitation (all P>0.05),
while CVP in the PPV group was significantly lower than that of the CVP group (P<0.05). Compared with
the CVP group, the ScvO,, DO,I, VO,I and ERO, were increased significantly after fluid resuscitation in the
PPV group (all P<0.05), while Lac was decreased obviously in the PPV group (P<0.05). Furthermore,
the fluid resuscitation time and duration of mechanical ventilation were notably shortened, the cumulative fluid
balance was remarkably decreased, and the incidence of cardiopulmonary complications was statistically
reduced in the PPV group than the CVP group (all P<0. 05). Conclusion PPV measured by CNAP
monitor can be used to guide the early fluid resuscitation in postoperative hypovolemic patients, which
contributes to stabilizing the hemodynamic state more timely, improving the tissue oxygen metabolism,
shortening the duration of mechanical ventilation, and reducing the risk of cardiopulmonary complications.

[ Key words ]

continuous non-invasive arterial pressure monitor; postoperation; fluid resuscitation;

http : //aammt. tmmu. edu. cn

pulse pressure variability

Supported by the Construction Project for Critical Care Medical Center of Fujian Province (2017-510) and the Youth Scientific Research Project of Fujian
Provincial Health Commission (2019-2-1). Corresponding author; CHEN Feng, E-mail: ¢f9066@ 126. com

ZARBIESE AR T AR5 B 55 TR 2R 5
HMRIAR G BB 25 ) AN [R) R B IR I 2 IR A, A
AT B I 2 A 5 3 1O I I £ AT | PR TIE 25 B A
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(continuous non-invasive arterial pressure monitor, CNAP )
JeTC B Sl Ik e o3 BT B AR A, 7 PR il 3 31 )
VPl B R AL B ARk Bz I T Il
PR BKJEAS 55 (pulse pressure variability, PPV ) AJ
S A TR KO 8 22 S AR O, SR AR AR S IR
TR AT SEAEAR)  (Hal d CNAP W FAGg PPV X 4h
FIA JE AR5 2t 58 VAR S T 8 U B AT 2
AW CNAP I i 3 3l ) 2R3, 258 % He g3
tr PPV 5.0 # ik & ( central venous pressure, CVP)
T8 HMREAR Ji AL 2 AR AR IR O ROCR R
CNAP Wil 3451 PPV ZESMNBEIA JG 1 B FAME
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R FH TS PERE LG BRAIE ST 7 1, 16 2018 4 8 J]
% 2020 4F 8 ] Wif AE m A r B B EIE BE 2 R
(ICU) IR JE AR L 25 7 o

A AR E : OFHRE>18 2 ; QA5 RIA ICU; L
OB, JC H EIFR; @TC 0K R ©@PPV>10%;
@A 755 A L A UE s FLHRBR Al 2 B 5, 1 A2 LA
TAEE—T Y45 = <90 mmHg( 1 mmHg=0. 133 kPa)
BCECHLA I F3>40 mmHg B 2 4SS 1R 2 M 4
3k (mean arterial pressure, MAP ) >65 mmHg;
FEAEHSURHEE R B, A5 i i 25 0B R
TR <0.5 mL - kg™ - b7 8k 3 ki FL R ( lactic
acid, Lac) #EATPETH 5 CVP <5 mmHg; fili 8l ik #2 i
<8 mmHgm o
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RN OIS 125~ S SR ) s Wl 522 ¢
CNAP Wi =K A A5 5 Jo 1 E o 35 5 O™ /K i %
THRER TR IR ES

PBRBRIE : T TR H 8 B SETR S

AT 5T 38 5o A Be A4S B 22 51 s b E T A (S
K2018-06-028) .
1.2 BRF*k
12,1 HAEN BEFE N ICU J5 1% BREEHLEF
FILST N PPV 41 CVP 41, 1 s iR AR 5 1k
Jii35 %% (body mass index, BMI) , F-ARZEH  FARB}[E] |
Bl Qe =R N1 O REES I S R (57 2N
WLTE 43 & 4i- 11 (acute physiology and chronic health
evaluation- Il , APACHE- 11 ) ¥E43 ., 38 [E JiR I = 0 p 2=
( American Society of Anesthesiologists, ASA) /32 283k
LGB, P A & T RSO i W 2R i, B
BT BN #E KA I CVP, BB AR S Ik
WA A 1 1, 25 CNAP ( CNSystems Medizintechnik
AG, BLHA) WA 135 %X ( cardiac index, CI) Fl
PPV (U A B B Wi A 2 th A 25 0 ] CNAP AR
(1 ICU FiR BRI 5T i Hhf CNAP J5IT 46 2E 17
(L=
1.2.2 CNAP Il & H 0 A5 Fl CNAP 51
i M b R AR S AL B TR A HE ORAE R
MR EEARE L TSI TR ER, & it
R SR BN AL A B PR AR B A
i S AR CVP R AR {E 5 sl id 5 , CNAP
FALIF GG IS i %, B HE S [F) 20k 4 CLLPPV il
HE 3K CPEEE.
1.2.3  WRARE D5k P 2H 15 18 58 4 AL <
[ 8 mL/kg WFRIENE 5 emH,0 (1 emH,0=
0.098 kPa) ] K¢ CNAP I I ifit yii 8y g 27 i & Ailh |, LA
30 min PYITE 250 mL AR FEEA TR I3, A
BARAT. 0:0. 6~ 1. 0, A AR IEFEFL IR SRS CQUE, e iA
TR 5 3% FAE B I T8 T Wk, PPV ZH AR 52 95 H s
PPV<10% ,MAP>65 mmHg, jJRf&>0.5 mL + kg™ - h™',
CVP HEE T BFr:CVP 8~12 mmHg, MAP>65 mmHg,
JRE>0.5 mL - kg™ - h™',
1.3 WMELIRAT
131 FEMEENE  BIorstenf i) (275016
FIRFFH I H B B 10 i) ) AL B8 < A (52 95
TEIR 2 0 2 A QPR LAY I ] ) A2 IR iR bR R IA
Vi (S IR A AR B IUIA A SRR 2EE) |
O I I R i A 248 (O 9 ol R o o A A A A
A A ARAE I 53 A B R 55 0 it R P A ) i S
PRI FRIE 2 B 22 | 2R K b B St )

W EEIERIE) o
1.3.2  REMEHER S IR IR AR I B I3 B 1) 2
Fa45 . L>F (heart rate, HR) MAP .CVP .C1 PPV ;241
SR AR : rboO W K I 406 AR (central venous
oxygen saturation, ScvO, ). 3l fk Il Lac. %& £t 38 %%
(oxygen delivery index, DO,I) . % #& 18 % ( oxygen
consumption index, VO,I) . %8 % B % ( oxygen uptake
rate, ERO,)= V0,I/D0,I1x100% ,
1.4 %it¥7%

fdi 7 SPSS 20. 0 A Bt AT SE 0 br o 14K
OGB4 (%) FoR , 41 HEEBCR X K5
5 Fisher i A% 50, Xf 1 & TR IEAT IE & M 50
(Shapiro-Wilk Test) , £ & IE A 734 BT B R x5
FR I IG AHR PR LU BCR FHBC XS ¢ #5 , 20 1] b
BOR I ST REAS ¢ K505 3F T8 25 70 A 1 1 i B oKL
M(Py,P.s) /R, % Mann-Whitney £ 55, P<0. 05
IR EFAGIHE L,

2 HR

2.1 mamEFEAAER

LG ASPRIA S5 AR 75 3 8 82 ], SIBR A 5 A
TGS AT IR FAR 3 B8 1 A e 78 i
HATE, o PPV 2 38 5], CVP 4 40 5], AL EH
— ML TR LB TS TR R L (P>0.05) , 16
AL AR R, A Al Lok, I3k 1,
2.2 WABHRFFI/ARG KR

PZH R0 52 i L 3l ) e b 22 e B e g i
B, WAL IR G MAP CVP Al CI 445 957 B
FhiE, PPV B 5 HT W T % (P<0.05) . & 7R ikbn
B}, PPV ZH% CVP B BAL T CVP 41 (P<0.05) , H4
febrzE R TGRS, WK 2,
2.3 WABFEBRENRMIEIFILER

WL R IR AT SV A e A 22 R e i 2
B, MAKIRE Sev0, . DO,I J VO,1 B8] i 5,
Lac By T [ PPV 215 75 J5 ERO, 352 75 i B . 7t
& (P<0.05) . EIRAFRE, PPV 4 Sev0, . DO,I VO,I
K ERO, B & F CVP 4{(P<0.05) ,1fif Lac BRIk
F CVP 41(P<0.05) , L5 3,
2.4 AR HE T EIEISAF LI

5 CVP A 4, PPV A S T3 ah A i [R] R AL AR
A R S 4, 52 05 ik bR BRI i i W
/0 (P<0.05) , EInal e PPV 4045 1 W is Uit
JRIEZ 5B B L, CVP 445 7 BIWrie U2 %
Wi 22,2 ) B2 K M, PPV 210 it I & E 7Y
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9 R AT CVP 41( P<0.05) , L3 4,
3 itig

BAE AR O, B 22 A5 0 & Y FE Frank-
Starling #£R (1) _F T 32, AT IR R 75 0T LAA 00k 3 41

SURG B ROHETE o DEALANBIA S 38 A I 180 T X
PR BN B DR SE RS R DA A2 GERY SR AR I MAP

CVP G i sl ki R 45 , 3 o FUBE S e 24 R iy 4
KA, H5 2 M P B TR T ML S JE T
JE 45 22 A TR B0 5% ), 0 BB I 1 T 25 B 2
PET L PPV VR INRETEIL I B 1 2F 4 AR, 7E 58 LR
A TEO R LT, T E R S P f
Bk R o B 1 2w T AL e dE 4R . MALBOUISSON
S HFIEIE L R S TR B AR, 3 T PPV <10% 13

F1 WABERIEKRIRALEE [z, #1(%) ,M(PyPs) ]
bR PPV 4 (n=38) CVP 44 (n=40) /X7 P
IR 61.69x13. 60 63.1811.73 0.363 0.719
iR 22(57.89) 25(62.50) 0.173 0.678
BMI/kg + m™ 23.19+4.20 21.68+4.36 1.068 0.293
FARSAY
T A 20(52.63) 24(60.00) 0. 966 0.617
W A 9(23.68) 10(25.00)
HAFA 9(23.68) 6(15.00)
FAME/h 4.51£1.45 4.811.59 1.026 0. 308
A PR ASE A7/ mL 1 400(1 200,1 950) 1 445(1 300,2 338) 0. 801 0.423
WAE/mL - kg 8 8
IS K IE K/ cmH, 0 5 5
FEE A ( %) 54.7610.78 58.68+8. 45 1.121 0. 266
APACHE- 1T ¥4}/ 4y 9.52+4.25 11.23+5. 34 1.626 0.108
ASA 534/ 4y 2.52+1.16 2.87x0.91 1.268 0. 208
Fx2 WMABBFMRINNFIBIRLE (xs)
51 n P 1] HR/IK + min”' MAP/mmHg CVP/mmHg CI/L » min™" + m™? PPV(%)
PPV 41 38 KA 96.35+16. 87 67.54x11.45 6.131.81 2.87+1.16 17.87+5.68
AW 94. 86+ 14. 54 73.34£9. 56" 8.12+2.52% 3.51+0.98" 7.83+2.42°
CVP 41 40 EIE 99.33+17. 46 66.41+8.76 6.52+1.83 3.11+1.23 16.61+4.73
CEivE 96.93+14. 57 74.55+8. 47° 10. 121, 99° 3.62+0.91° 6.92+2. 29

PPV .k JE & VP s 38k E s HR ;o 3 MAP ;5 3 3 Bk R 5 Cl oo HE fe 4535 1 mmHg=0. 133 kPasa: P<0.05,5 A%1 5 %

LA b, P<0.05,5 CVP 20 R #1b &

®3 MAREFHAKKRBEHEIRILE (325)

2153 n i [a] Sev0, (%) Lac/mmol - L™! DO,I/mL + min™' - m™? VO,I/mL + min™' -+ m™? ERO,(%)
PPV4l 38  KEINET 58.63%8.56 5.13%2.08 523.43+56. 42 126.78=18. 74 24.92+5.26
EHE 67.53£7.04% 2.58+1.67" 598. 85+62. 16™ 168.06+17. 86" 28.74%5. 07"
CVP 4]l 40 KR 56.81£7.12 4.64£2.12 517.36+52. 54 132.13£20.79 25.66%5. 64
HIE 62.43£6.19° 3.62+1.32° 561.63+54. 17 149. 68+21. 66" 25.93+4.97

PPV BB B 53 ; CVP . s BBk & 5 Sev0, - o s #bik fe B 484w L ; Lac : LBR ; DO, T: A48 45 VO, 1 BAL4E 4 ERO, : BARIE

a; P<0.05,5 K485 FRaTrbsi;b: P<0.05,%5 CVP 415 #1k4k

R4 MABRETEVNRIERMPLLE [vxs, 41(%) ,M(Py,Pss) ]
4151 n SR IAFRI]/h BUBEGE < 7]/ h R AR i/ mL il I B AE
PPV £ 38 3.35£0.76" 9.55+4.71° 740(500,1 000) * 1(2.63)"
CVP 41 40 4.93x1.42 14.89:5. 61 1 160(720,1 950) 9(22.5)

PPV . jk &% F & ;CVP: P 5 # Bk E;a: P<0.05,%5 CVP kit
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WA B TECE TARIOR, @ AR S5 B a1, H
Hil PPV 223 32 A7 21 3h ik 587 1 00 G ke 46 s i 22 0
IMHEE WM ( pulse indicated continuous cardiac output,
PiCCO) ZA1MH 2 ko an H 2 105 00 45 R R AR A%, 1
B FHARXS &1 B, FLAATE AR 32 A8 D I e 5 KL
I, Il A P A2 30— R BRI o AJGA I 36 A
USRI PPV GBS AE S R A 5 95 B Ards 2
HMBEA S W MAAE B T i — 2P BRI

CNAP ja i il e e A B U8 8 58 8 PR
5 JEEET Sl A B A 22 ) i L R A
R, DT ARAT S I 9 1L 3 30 0 2 e, A DRk
By S ORI B AR A BRAE BT
], % CNAP JUI#31¢ PPV 52 PiCCO MI{31) PPV —
Pk R4, W] LU B0 AL B A< B A 1 IR
WP AT R BN UEAT AR S P 4R
HWMR S T # T A€, CVP I35 1) CVP
BT AP 2 W] s T PPV 41, {H MAP (CT %
PPV K2R DLW W 22 5, 0 W) ok B VR AR 52 95 T AN RE 5 28
BEE MR sl 1R A . AT R 3h 1) 2746 b, 4R
AR b B S0 1) b S it 4 By 2H ZAREEAR OO, A B
FWNMEHE PPV 41 Sev0, .DO,I.VO,I 2 ERO,
B T CVP 41,1 Lac B AT CVP 4, 4278 PPV
“hy BRSO SR T DR IE 1L 3l ) 2 Fe E Y )
I, BE A RO LA S L, SRS . i
TRAARATATZH SRR K i, ok 535 AR 52 4 S S R B
BE S N LUB A, AT Lac fYTEFE Y S ERO, 5
ABFRMETE S YIA 6, CVP WA S 93RS ERO,
A LRI R, AT BRI 5 A B VR A S I B 212K
B B 4 TR G

HASANIN 46 % 3 55 1 i b D) B 5 7 o,
PPV 45 F 0 A 1 V8 (A 457 380 AT LA o555 ) o) 9 3 i A 3
TR 5 % i 1 4TSI ST PPV AT LU TR S
S UIBRA P R A BT, A B TG R A R R IR
JG BEIB R . AWESE AR & B PPV 2H 9 52 95 35 4
R 1) BB I T] O Ji 3 i & A 8 4 B AR T
CVP 4, $&/8 CNAP W5 LA PPV <10% 2 H 55 1]
MR AR IR T RE S G SRR G R 2 25 4k

AW FELAFAE—E Jm R, 16 58 AT Bl
Il RBIFFE , O JIETF AR FEAR B 1 B8 8 AR5 iR 8 ) 2%
TEPR TR R 2 M D DRAE , 505 DAHERR , I 2
TSN B WO AE — 5 1 18 4% D fay 5 LUK, X
TRAEAE KA I i 145 e B R S R AN A2
i KIMUBL 2 Lol R TSR i — 25K

g5 b BT AR S CVP I, BE T CNAP 15k
319 PPV 0] LIS 47 3l 45 5 SRR J5 I 25 2 A8

WK 5, HAT By TR AR ML 8 1IR3, s
HUALZURETE , i R ATUBRE T 8, 0 O il I R A )
T M R (BRI PRI — 24 I
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