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TZE . B #OoTrE 2 E 748 (PVD) A B FFEMIBC A WFEMLE Tl A28 sk F (CO) TH
PROTMAER . ik RRA G RETATIRAEF R & 404], ASA 1T ~MMA&, F#35 ~ 2 ¥, &G
JG %4 Vigileo 2ABMAMHEEFE (SVV), CO, FH A Massion Radical 7 R LB PVI, FkIG# 3544
(PI), 2 AeF-TFEMERAFEME B S F (HR ), F3H3E (MAP ), CO. 33 (CI), #4534 (SVI),
SVV. PI, PVI #931f, YA R 5 & i3 h 3B 2% REMEaT B s H R T £ % (A CO),
[ A CO=(EMLAT CO— MREME)E CO ) / MEMZFT CO X 100%], A CO < 15% A 2 R AT R VLR IR FEME
J& CO M T %, hl & difish 1 FIAReg 2XHE TSR (ROC) W&, 32 & F @B b EE,
it S AREMEAT & SVV 5 PVI 8948R, 58 SVV 5 PVI #) ROC W& T @RS H] A 0.946 4= 0.844 5 SVV
AR R 91.3%, H5FPEA 88.2%, LW BIMA A 12.5% ; PVI $94LRE A 87.0%, HFHH 76.5%, 487 F{A
A 145%, WFEMLET)E PVI 5 SVV 3 24 M B, WEMIaTAER 24 (r=0.712, P<0.05) & THEMLE
(r=0.440,P <0.05), Z5i& PVI akidid P Wiy EMz & & 09 5 F R AR, TR M 514249 CO T AR,
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Application of pleth variability index in predicting reduction in
cardiac output induced by prone position

Lin Yang', Lai-bao Sun’, Wei-hang Jiang', Ping-rui Cheng', Fang-yong Fu'
(1. Department of Anesthesiology, Guangzhou Panyu Central Hospital, Guangzhou, Guangdong 511400,
China; 2. Department of Anesthesiology, the First Affiliated Hospital of Sun Yat-sen University,
Guangzhou, Guangdong 510080, China)

Abstract: Objective To evaluate the use of pleth variability index (PVI) in predicting the decrease in
cardiac output (CO) from supine position to prone position. Methods Forty patients of ASA I-1Il aged 35-62 years
undergoing elective lumbar spine surgery were enrolled. After induction of general anesthesia, CO and stroke volume
variability (SVV) were monitored with Vigileo system, while PVI and perfusion index (PI) were monitored with
Massion Radical 7 system. Heart rate (HR), mean arterial pressure (MAP), CO, SVV, cardiac index (CI), stroke
volume index (SVI), PI and PVI were recorded both at supine position and prone position. The difference of cardiac
output ( A CO) before and after prone position was calculated with the following equation: A CO = [CO (supine)-
CO (prone)] / CO (supine) x 100%. A CO of 15% was regarded as the threshold that the patient's cardiac preload

is sufficient enough to help to alleviate the decline in cardiac output when turned prone. The receiver operator-
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characteristic (ROC) curves of the hemodynamic indicators were drawn to decide the accuracy of its prediction on

the cardiac preload and the diagnostic threshold. And the correlation between SVV and PVI was also analyzed both

before and after prone position. Results ROC curves manifested that the area under the curves of SVV and PVI

was 0.946 and 0.844 respectively, larger than those of other hemodynamic indexes. The sensitivity, specificity and

diagnostic threshold of SVV were 91.3%, 88.2% and 12.5% respectively; whereas the sensitivity, specificity and

diagnostic threshold of PVI were 87.0%, 76.5% and 14.5 % respectively. There was a linear relationship between

PVI and SVV both in supine position and prone position, and the correlation coefficient in supine position (» = 0.712,

P < 0.05) was higher than that in prone position (» = 0.440, P < 0.05). Conclusions Pleth variability index helps

to predict the decline of cardiac output due to the prone position through calculating the patients' cardiac preload in

supine position.

Keywords: cardiac output; pleth variability index/anesthesia; stroke volume variation/anesthesia; prone position

B DA M 5 AR RS, AT 51RO HE I i
( cardiac output, CO ) [ "™, JEHXTFHBAE K
fEH A, RIZNRB ST 5 R ™ E AR, 2SR
HITE . AR ORE 0 75 1 A T AR S I PPN A Y
REIHE FARAIEYY, SRR i sh 2+ e BAT
T EERE X, FloTrac/Vigileo F 4t RE i 1 45 1 5
ki SL3RAY O, OFEEL (cardiac index, CI), &R
5 2 (stroke volume variation, SVV ) 254 fE, 2 H
HIE A R I T-Be, SVV I FT 7 R PR fE
b, AT AW AUAOE SR R AR S
Fa i, AMEM SR SRR SVV<14% J5 L
RFER AT B AR, R S R A AL, BlfE CO IR
B, $REBFHWZRE" WKIREEE 5% (pleth
variability index, PVI) J&JC Al 187 B 45 5 RS F5 1R,
LB S X T 4™ 25 B ) A e L R G
It5 SVV HA REFRUAHSCHE ™, {H PVI A [FIFE AT
R AAE T B PR W R A RFIESE . AW UAR T
PVI FNAREM J5 5 12 1) CO T BEREEE 1 RE ) S Hs
W (L

1 RS TTE

— g TE Rt
ST N R R X L O BB RS 51 ot R
KR @ ZE G R S AT, L 2015 4F 12 H 2 2016
4 8 H 4= B BRI RM T A7 IEEAE N [T TR 19 R
40 i, Horp, B30 29 4], 2otk 11 5 4RI 35 ~ 62 45
ASA T ~ %, K& 47 ~ 83 kg, BMI 18 ~ 27 kg/m’,
Tt JrEse  OEVRE . ANEIAE SR, AR
MAETETEL, ToReshlk b b F ik eE AR =, ARl
Hb>110 g/L.,
1.2 WEEFHE
A AR AR IRES R 12 h, R 30 min 2457

1.1

W L 25Tk 0.1 merkg, ACEE T RO JC A &
(NIBP), L& (ECG). I % 4 M (Sp0,). L
R (HR), WFAUR ALK 70 IR (PETCO,), 3% 4
Narcotrend JBf [ / fini o 2 R8BI R 48 (NT) M
N0 JRR A SRR R B JRR TS  T L 5 ml/kg FLIR #h AR
M WA SACEEYE IS NS 595K B ( compensatory
intravascular volume expansion, CVE )" RIS Sl
FHIBRIAME 0.05 me/kg ., PRI B S it 42 i O 500E
MIRASE N 4 pg/ml, SFRIE3 poke, BEEMIHK
J& 2h T BT R4 0.15 merkg, RN E2E1TE
A, SRR THLIOE S, BOE MR 8 mikg, T
BE AR 2 Lmin, WAL ¢ 20 PRIGIRRAR
P& PETCO, 75, 4E+F PETCO, 7E 35 ~ 45 mmHg, 4=
SRS TR 5 | N AT A S bR o, AR
JEE U DK A AN R M I P K. ( central
venous pressure, CVP ), 4 Massion Radical 7 & 4t 11}
ISLERAS SR N =PRI itk Cipis 2 ialll]
PV, IS RETEAE R (PL). 55— B IBATAS sl ik s ),
HEF% FloTrac {8, P44k 73 31 % 42 PHILIPS
WA AN Vigileo WEIAY, 32825 W5 I A7 12 3l bk T
( mean arterial pressure, MAP ) FI CI, CO., SVV. &
FREL (SVI), B A CVE Ja, HLIFLRERMRE
VRIS ml/ (kg + h) MR SRR, FRFRMIC %
B J5 FHE T AN AR EH] Jackson HAET
ARIRM, ZFARK RSG5, A REMLE Hais &
AR .
1.3 HEMHER

ICSBEMEI . AR, B, IRED JCSRAMEM
&I 2 H 52 ) 5 min I HR, MAP, CO. CI, SVI,
SVV. PL. PVIBYEMH, SRJ5 L RIRE S H BIEY , e iR
RMYJS 5 min BFRRGE SR DA EEE . DA Vigileo REEIE
ZEWSI ) CO PEATMFRM TS Hed, RO HE M 22
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Wk, A5 TR AR S R BRI RS A O HE L R RO TT Y

5t (A CO),[ A CO=(IEMYFT CO-IffEM S CO) /
TEMET CO x 100%], VAA CO < 15% NERTE R4
( sufficient preload group, SP £ ), PAA CO>15% N7
A (insufficient preload group, IP 2H ), 2l £ L3
B 2R bR 2 TARRHERE (ROC) k.
1.4 SitEFE

BARSHT R SPSS 19.0 G4k, %k
B = b2 (xxs) Fon, ITIESHRALR, 20
RS BRI EM RIS AR B X AR
[ ¢ K3y, ZHIR]FEROR FHAMST REACHY ¢ K055, SRR
BB, A IREM TS R FH B AR (1)
FRANKG S, 20 R HLACR ST AR A BRI 5 114
PERLER B (%) FR. SVV 5 PVI#E£T Pearson
KT 2 & M ) ) A8 bR 52 108 TAERAIE
Mk (ROC), AR T AWfAE SVV., PVI X842
CO FREMITENGE Ty . BUSME B R b, o e P
HIZWIME. P <0.05 WZERAGIFE X,

2 #R

21 WAHA—BBERLEER

SP 15 1P AUEF M. Fl . B, k. &
FIEE (BMI) e RS2 58 X (P >0.05),
W1,
22 BEEMEFMEILR

JIT AT R A5 ML B 7 2 4 A BMAL 55 IR M L
B, SVI. PLRJH ¢ #2486, CI, CO, SVV., PVI, CVP %
FHBCXATRRAIRG S, 225 A Geit2#E X (P <0.05), kb
fiJ5 SVV K PVI _EFF,CI.CO SVI.PI K CVP F&( UL
F2). MMEMZE IP 415 SP 4 H A, SVV 5 PV
K HBC BRI R, 25 A5 FE L (P<0.05), 1P
TSP A (W3R 3), MFEMIE IP 415 SP 4t
B, SVI, SVV RH t k2%, CI. CO, CVP, PVI RH
BOXT R AR S, 2Z R A5 2EE X (P <0.05), P4
CI. CO. SVI & CVP ¥4 SP 4 fik, SVV K PVI ¥j%%
SP 2w (WER4).

®1 WABE-RABLER

SP 41 23 17/6 50.1£93 1.68 +0.07 65.8 +10.0 23.1£24

1P 41 17 12/5 485110 1.67£0.07 63.7+9.2 22623

X I {8 0.000 0.497 0.278 0.680 0.696

Pt 1.000 0.622 0.782 0.501 0.491
*®2 BEMEMISMHEMIMRESFHERLEE  (n=40, xzs)

fAIEMSE 715+107  824£118  77+15 3.0£0.5 5.0+0.9 429+43  116+32 13.1+3.1 35z15
IRFEME 73.0 £ 8.0 80.6+8.7 6.7+14 2.6+0.6' 45+1.0 39.1+5.1"  16.1+32" 17.8+22" 1.8+08'
VAL ~1.402 1.693 -3.931 —4.447 -4.534 5.064 -5.183 -5.365 8.812
PH 0.169 0.100 0.000 0.000 0.000 0.000 0.000 0.000 0.000
T SMEMRT R, P <0.05
#*3 WHBEMEMIZTMRIFIERER  (X£s)

SP 4 23 702+10.5  834+114 8012

P4 17 732+11.0 81.0+125 72+17

(/AL -0.861 0.642 -1.917

P1E 0.395 0.524 0.055 0.483

3.0+0.5

29+04

-0.702

5109  430x43  95x19 115%26 3.6=17
49+09 428+44 145+21" 15123 33+13
-0.644 0.139 -4.805 -3711 0.522
0.519 0.890 0.000 0.000 0.605

. 75 SPAbE, P<0.05
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®4 WMABFWEMISTULRZ FEIRLEER  (x£s)

Sp 4 23 72780 813+7.1  71+13  29+05  49+09 413+51 148+26 17021  1.7+09
P4 17 734+81 79.6+106 6.1x13  22+04" 39+08 362+34" 179+32" 189+20" 1807
VA -0.278 0.545 -2.211 -3.915 -3.631 3.620 -3.373 -2.690 -0.428
PH 0.783 0.591 0.027 0.000 0.000 0.001 0.002 0.007 0.671

W T 5 SPAE, P<0.05
2.3 SVV 5 PVI yHHEMESHT T A4 504 0.946 F1 0.844, 20T THI ARF EM: 5| 2 1
IEMY SIREMEE, PVI S SVV BRLIEFC 5 €O TR, B4 T sy s T HAb I % 3h 1224847
ATVRMSE B 7 2 (AR SEME R B (r =0.712, P <0.05) & SVV BUEUSME N 91.3%, 4t 88.2%, 2 WA

FAREMZES (r=0.440, P <0.05 ), LA 1. H12.5% 5 PVI BHURNE Jy 87.0%, Hi S5 76.5%,
04 &i5kR ROC TiEfiZ LW 8 {H M 14.5%. HR. MAP. CVP. CI. CO. SVI

DLA CO < 15% N2 ittt B Ldia i s X PLEHI ROC HiZk, ¥ P>0.05, HRixdats T B
CO TFRE, 2% ROC ik, SVV 5 pvi ol ™ DIIREMZIS CO B FRERIMERAT (W& 5 FK 2).

25 257 *
r=0.712, P<0.05 r=0.440, P <0.05
] *3
20 20 o
§ = 43’/0
= = o
715 7 154 o0
= = TR ¢
= g * ¢
= ] = 10
10 .o
5 : . . . 5 ' . , ,
5 10 15 20 25 5 10 15 20 25
EMY PVI/% WM PV1/%
fEMY SVV 5 PVI AR M40 PEME SVV 5 PVI AR5

1 {MEMISHEMIET SVV 5 PVI B Pearson #4454 (n=40)
#x5 FMFRNANFEFHLTER, BE, SRBERESE

SVvV 0.946 12.5 91.3 88.2 0.000 0.873 1.000
PVI 0.844 145 87.0 76.5 0.000 0.715 0.973
HR 0.575 66.5 39.1 76.5 0.420 0.395 0.756
MAP 0.564 84.5 34.8 353 0.494 0.377 0.751
CVP 0.675 75 65.2 64.7 0.061 0.501 0.849
CI 0.565 2.8 65.2 529 0.485 0.384 0.746
co 0.560 55 39.1 88.2 0.520 0.378 0.742
SVI 0.510 44.0 435 70.6 0.913 0.327 0.694
Pl 0.572 4.8 30.4 94.1 0.444 0.392 0.752
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E@g 0.4 g 0.4
0 - SVV 02 - PVI
: — man ' — sx4
0 0 i
0 02 0406 08 10 0 02 04 06 08 10 0 02 04 06 08 1.0
- e 1- B 5epE 1- F R
B2 &MmFzhHsiEkRn ROC
3 itig TR 5 A CO>15% AR AMAL, WML CO T
At gn s ~ . - A 5 J A CO ZH& M5 “2FRBRE ROC
ST AR B BTN, AT ey o s SR A CO Sl o M)y g

ZAFEM AT SR A €O TR, 3B T i
T I 2URIAE b . A RIFIE R ", A RMY B B 2 A
EMy SR CO N FERT ik 25%, (HEIRAES | HR
K MAP £ % CVP R8s ", 2280148 R Rz v]
SUERT AR, O TR, RS2 a0 T
PRI M I R IR R SE I, AERR IR 2 1241
FFa Y PVIVE RS SVV A G B IF 1 25 i35 45,
HA TR, MHEEI A, nlmb B a0 K 2 H
{H T PV I R TR TR, stz i 2
RIS, O . EREO SRl ", A
PEZGH) Y TR BEE " ER S XS PV A HER R I AL
— RGO T A I A S S Loy
HOOD 5 ™" Jz VOS % " (i ss 45 A5 i, 5F AR
AT E RS HLER, TR PVI BRUSRMEA Br FI%
B AAF SR IR T AR T AT ADEM T PV AER VA
IR TE] A, DAL LT e

ARG K, IFEM S HR. MAP JC i 7481k,
5 ROGER % "™ [ W55 45 R AHAF 5 5 DAIHUA 45"
By 45 AL, EM S SVV 5 PVI BYBUE THE,
CVP [, 25 & S0 EM e 5 S 4 25 A AN A
Ko AMEMZET SP 41 SVV 5 PVI EUEIIH 1P 414K,
$eom SP A AR AR IP 2L S 2, Al LA ki
RF M T PEAR £ I A RS, 25 T AR B IR AA T Ao
REAANT RMY IS 5 DR A9 I 75 N R AR N, b
CO WY FRERREE

WIRIRIT G CO LIRS KT 15% &% H TIF
il B RHRARIRY T R A RO FERR =, CO AR L
INTF 15% TEBZAL BT U i S I Y, L
AHFFER FIEMILG A COJETS < 15%1E R HIMiE R,
A CO < 15% F 75 f i /2 IR EM S CO /Y

Mk, ROC £ R (AUC) Al HFITEm A bR
XTI E, 2 TG R 2B m /8 5
Ha, M4 T AR, SORTEIRIIZW M (s s
BT TR, SVV 5 PVI ¥ REA 8% & T RF R 7 5 |
HEAY CO TFE, SVV 5 PVI gl F i A/ T CVP,
HR. MAP SEG 48 bR L 8 J12F 4845, I SVV 5
PVI 2B A &hE i e 5 ROC gk it
RO RIR ISR (1= RStk ) XPRL Y A (R agsk:
SRS HEUEZ M KAL), B I8hRiZ W (e, A<
WF 5% FP AN BN I SVV<12.5% 58 PVI<14.5% () 3%,
IEMIE CO IR REREEERUN, PVL 5 SVV Sl p
fiJe CO MY NREEAT — ek B 1 HHIE

MR AE S gT AR, IEMSLE PV AT RE iR Tl
I FE B X RARTRYT R M . AP SR B, SVV
5 PVIAHSCHE R BN EM SR EM T R, 20
BM e PVI RIEUEMEA B R, B TR AR AN L4
A5 7K 7802 TR IES LIS, ARG AAEAE XS PV ()
TR L B T — R R

Zr LT, PVI Y SVV RBP4 B3 1 75 5
PRATIRTEM G CO BN FEFEEE, HLWE W T e
JIRHIE, PVIREAZISEERALTCA] . FifE . LA
ZS NI, IR A B PN Y, AR T
£ S IRV DA e o O W 7o =1 N e o
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