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Application of Plethysmographic Variability Index for Monitoring
Perioperative Fluid Therapy
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ABSTRACT: Plethysmographic variability index (PVI) is a dynamical volume monitoring tool, which is a new pulse oximeter's
measurement parameter for continuous instantaneous monitoring through the pulse waveform analysis techniques. PVI can accurately
guide fluid resuscitation, maintain the optimal preload, and prevent inadequate circulating blood volume that leads to low perfusion or too
much blood volume leading to tissue edema. Therefore, PVI is a simple and effective tool for real-time monitoring that can facilitite better
liquid management. In contrast to static hemodynamic parameters, PVI can accurately predict fluid resuscitation response, thus has ad-
vantages with respective of optimized cardiac output and clinical application. However, PVI is influenced by many factors and can not be
used in spontaneous breathing and arrhythmia patients. In clinical practice, we should consider these factors and combine with other
methods to guide fluid therapy.

Key words: Plethysmographic variability index; Pulse wave; Volume; Monitoring; Perioperative period

Chinese Library Classification(CLC): R614 Document code: A

Atticle ID :1673-6273(2014 )06-1194-03

[V IR Y

Al &

BEAR P HEATIA fAb 7 3B D4R R A2 U
ISR E , JE MR e ARG ZE AL 248 B Re it i &
AW, FRRIRYT RS AR B A A TR ) — T 2
i, Al 7 028 A (stroke volume , SV)IS N, Lo
i 5 (cardiac output, CO)4& e , {HIH A R HTHEJE 8 % 2.0 T g
ARZSH T Frank-starling 12y - F-E8530, Fricbise ] ICU
B R AT 50%85 1) CO FEA IR YT Ja v A B Bk,
B b I DA I A 6 it 25 ) AE B I A I Ry P AR 2, 4%
4 1 E A S BN O kT (central venouspressure , CVP) A fil
40 1M %8 #JE (pulmonary capillary wedgepressure, PCWP) 25 R
REVREIN Y R Bl fh i AR fhta 3, EH RTAFZEIA o, RO Tl N

VEF RIS X555 (1982-) 2 LR FE A, FEZERTFTTT 1A - i PR
e, 36 025-52323834 , E-mail: liuffchina@qqg.com

A GlIAEE . 26 , E-mail: weiyanlee@sina.cn

(ks H#9:2013-06-10 43257 H#:2013-07-12)

FELCy il 5 22 [ AH ELAE R A S 2 P 1L 3 1 S 5 R i As
J# (stroke volume variation, SV V)13l ik ik 75 T (pulse pressure
variation , PPV)A5 & 5N 25 6y 7 S 1 R AFFE AR, ithAh, ik
PHAA R ZEH 0 BB IR 745 5 (respiratory variations in the pulse
oximeter plethysmographic waveform amplitude , A POP) 7] )
BRSO E F AT AL, 5 SVV A PPV S5 A R AFAIAH
Kl ABREE Gy MR AT VEA , 10 IR 46 503 57 (plethys-
mographic variability index , PVI)J&—30 T (1935 52 12 U, e
RSN A POP Jf H 5 HATRIFAIAHICHE , AT LAT
HURZS BIRYT RN, R 5 SVV MED, ASCH LA
JORARRE R F R RO S e T AR M S SRy T I P 4 0

1 B RN 0 B 0 i

IKHE VI8 5 AR A0y Bl 8 oL P B
BRI Sk P B LE AL A5 2 S A TR B 2 TR 1
WD L4138 11 PV 4 HPY perfusion index) 14 1%l T KOs
SEHE(PVI), 1 M i (direct current, DC)AIEZ) H W 1K (al-



IREYES#HE www.shengwuyixue.com Progress in Modern Biomedicine Vol14 NO.6 FEB.2014

+ 1195 -

ternating current, AC)WHS M4 A Hirr, AC iz Beah ik i %) Y64k
W = A sl AR Ak, DC R WU | e JH A5 A 2 2R i
PR R B4R PR WA B SRS, BXT Lot
FSHPEN SO S Y L, BP PI=AC/DCx 100, fif PVI
RS T RN AR T AT [ BRI — AN e R SR
Pl & KAE 5 F/IMA B35k, Bl PVI=(PImax-PImin)/PImax x
100%.

2 g R

PVI AN A 23697 v, I BA R EURE 5F R
o B PV, 22 M8 TG 259 IR PR R E
[RIZR R o AN [F] %) SCHRFE AN [7] 9 £ 25 A5 0 Y PV {EAS
JUAHR], BTN PVI>14% 225 /R Y7 2 W B CR80E
81%, K552 E 100%), 145 SCHRHL I PVI>20% 275 BETAYT 912
BT (R 84% , FRSEPE 90%)101, SR b 25 S () S P 7
PTAMEH—L BT 45T . Renner 2514 PVI W FH I 27 £ 45
Z AR OIRFAR LA BB, LI PVI ARSI
HUBE SN 25 =897 1 S M (ROC 14 =0.79;P=0.01), i %
H, HR (ROC [ £k ff =0.53;P=0.75) .CVP (ROC Hfii£R i =0.57;
P=0.52)), Loupec &IIF5T T 40 ZIEHR AT HFEY F M)
TR H W Ik 500 mL ¥ 25580 S 1O M &
Welll PVILPPV, LI CO 3802 15%IX 514G 52 Jo7 3 A TG S i 3%
G5 21 B WA A 19 2 W TCRN A, A BN 4 RN TG SR
20 PVI 435124 (28% 13%) .(11%= 4), PPV 435122+ 11%)F
(5% 2%), Fid b2 7 3478 WS T2ER L. PVIEZHT
B R R 17% , W25 o S g 1) RAEE R 95% (95% AT {7 X [i]
74%~100%) , 5 TP 91%(95% A {Z X ] 70%~99%).,

RIS 0, i S P ™ A IR R 3 43 5 45 e RS AH
Ko TSUCHIY A Z5SERIG IR 76 24 R NN YRR TS 5, &3
ARHT PVIZKEAT LTINS 78 75 S 0 I T B o i SE 4R
T PV W B RS S S R MR R R AR — R Lo
Desebbe S5EMEF5Y T N RIALARGE ALK PVI A5, AT
2225 BITE KSR G B3, SRR ES i E R 6.8.10
ml/kg, FRAF ISR IE TRl <U(PEEP i 0 85 n%) 10 cm H,0), 4%
RFI M AR >8 mlkg B, PVI 55 PEEP I 3590 it = FEAIG
A B FEAHCHE(P<0.05), Forget S5t 82 Hilf7 I AT R (14 &3
HEAFWEE, AR PVI 5 5 AR A 1) 4 v T B S sl AR kb
W, i AR AR TP MRS LR /K. Chandler S50EE T 49 4
11 Z LUFArHULaE < 2L, &30 PVI 5 PPV A POP 75 B i AH
X% P PPV (r=0.7049,P<0.0001) A POP (r=0.715,P<0.0001),
Sebastiani £ PL.PVI Jij FHF 30 i £8 LI V4 R DA 28 BH e
HA 2B IREE IR v, & LB TR 28 A2
RELA J5 L BELW 00 A P (B BA & T 155 (P<0.05); 111} J& 48 &2 WK 5 5
Je X0 P B T, BELA AR X R AR RN B PT 2= {6 45
/N BT 500 mL JRARJS , & SRPN 1 B PV B PR
KL, AT P RE 6 Tt I T TR A 5 T A et 22 BEL i %) IRR TR
FIf-H PVI BEfEH W25 5 DU RIS AT U A2 Ak F T PVIAY
HEMB T PLIE, R THE PVIHNAE F 2 B0 T AR Y
PI{f,BROCH S5k $ T 81 £ ik i RE A A 1) 8 3 14 T

5%, XTS5 5 FRTHT 69 PVILPL, PPV SVV CVP
1, RSB TE SV B >15% 58 S AR I6 194 R
H,RZ PTG, 55 & B PVI PPV SVV CVP 855 il
28 F i FB(AUC)ANH : PVI(AUC :0.60,P=0.13) .PPV(AUC0.83,
P<0.0001).SVV (AUC:0.72,P=0.002) .CVP(AUC:0.60,P=0.13),
IR, AT ST Y PESR = T PV F0I0 R A B2 0 ) HE T
PE,4% BE W PUEA Geit2% & L(AUC:0.72,P=0.01), 45 L 3%
B PVIRSREHERA TR R 9 RS , A 76 3 1 i A E AR
AR, PVI A G o 10 il 3 ) 1 2= A4k i i 7, PI X PVI
AARTRAFH I

3 JRFR AR e R

PV J2 I Jis 35T A Yok o 78 S ) o 0, BT A 5
M [ Lo i D J R s g ) A B B PR R X L A
SN o e PR L S0 JF oA T g A8 A ) 22 IR [ 2P
S PR IE 0 BB T B 73 A e 25 5 32
M 1o L 2 £ PRI 3R AR PR ERF 2 SR 28 P O I g AR
BUATE SR ZS4 o AW BRSBTS O o
BRI SR 50, PRI, PRI A R P L6 3% 1 24 4 A
(S ES( IR VS VAN RSP e S G IRER € E SR
FH PVI BRI A, BAT R SCHRIA A5 B D RETE ifL i
ZhFES RO PV IR SAHEDS 10%~15%HRE05 IE R 16 T 4N
{ELFR T A A BRI R 1 2 e, A R 7 M D B
ZFANIRIRK

4 INGE

PVIAE g —Fioi 2% 1 TR S i sl 7 23 i, BE RS 1ERf
T A5 VAT SN S T o S HASSEURLE, TR Do
A AN SV Ay S B (BHAS B iRz Z RPN Y
M, PR o A B AR T TR 5 S 2R R AN ik ABRAR B
O] EZR YN
& % 3¢ #k( References )
[1] Perel A. Automated assessment of fluid responsiveness in mechanically
ventilated patients[J]. Anesth Analg, 2008, 106(4): 1031-1033
[2] Hofer CK, CaReisner A, Shaltis PA, McCombie D, et al. Utility of the
photoplethysmogram in circulatory monitoring [J]. Anesthesiology,
2008, 108(5): 950-958
[3] Nnesson M. Monitoring fluid responsiveness [J]. Acta Anaesthesiol
Taiwan, 2011, 49(2): 59-65
[4] Monnet X, Teboul JL. Volume responsiveness
Crit-Care, 2007, 13: 549-553
[S] Manoach S, Weingart SD, Charchaflieh J. The evolution and current

[J]. Curr Opina

use of invasive hemodynamic monitoring for predicting volume re-
sponsiveness during resuscitation, perioperative, and critical care[J]. J
Clin Anesth, 2012, 24(3): 242-250

[6] Montenij LJ, de Waal EE, Buhre WF. Arterial waveform analysis in
anesthesia and critical care [J]. Curr Opin Anaesthesiol, 2011, 24(6):
651-656

[7] Cai QF, Mi WD, Yuan WX. The ability of pleth variability index to

predict fluid responsiveness in mechanically ventilated patients under



+ 1196 -

REYESHE www.shengwuyixue.com Progressin Modern Biomedicine Vol14 NO.6 FEB.2014

general anaesthesia [J]. Chinese Journal of Surgery, 2010, 48 (21):
1628-1632

[8] Feldman JM, Sussman E, Singh D,et al. Is the pleth variability index a
surrogate for pulse pressure variation in a pediatric population under-
going spine fusion?[J]. Paediatr Anaesth, 2012, 22(3): 250-255

[9] Cannesson M, Desebbe O, Rosamel P, et al. Pleth variability index to
monitor the respiratory variations in the pulse oximeter plethysmo-
graphic waveform amplitude and predict fluid responsiveness in the
operating theatre[J]. Br J Anaesth, 2008, 101(2): 200-206

[10] Feissel M, Kalakhy R, Badie J, et al. PVI: A New Fluid Responsive-
ness Parameter[J].Critical Care, 2009, 13(Su, ppl 1): P205

[11] Renner J, Broch O, Gruenewald M, et al. Non-invasive prediction of
fluid responsiveness in infants using pleth variability index[J]. Anaes-
thesia, 2011, 66(7): 582-589

[12] Loupec T, Nanadoumgar H, Frasca D, et al. Pleth variability index
predicts fluid responsiveness in critically ill patients [J]. Crit Care
Med, 2011, 39(2): 294-299

[13] Tsuchiya M, Yamada T, Asada A. Pleth variability index predicts hy-
potension during anesthesia induction [J]. Acta Anaesthesiol Scand,
2010, 54(5): 596-602

[14] Desebbe O, Boucau C, Farhat F, et al. The ability of pleth variability

index to predict the hemodynamic effects of positive end-expiratory

pressure in mechanically ventilated patients under general anesthesia
[J]. Anesth Analg, 2010, 110(3): 792-798

[15] Forget P, Lois F, de Kock M. Goal-directed fluid management based
on the pulse oximeter-derived pleth variability index reduces lactate
levels and improves fluid management [J]. Anesth Analg, 2010, 111
(4): 910914

[16] Chandler JR, Cooke E, Petersen C, et al. Ansermino JM.Pulse oxime-
ter plethysmograph variation and its relationship to the arterial wave-
form in mechanically ventilated children [J]. J Clin Monit Comput,
2012, 26(3): 145-151

[17] Sebastiani A, Philippi L, Boechme S, et al. Perfusion index and
plethysmographic variability index in patients with interscalene nerve
catheters[J]. Can J Anaesth, 2012, 59(12): 1095-1101

[18] Broch O, Bein B, Gruenewald M, et al. Accuracy of the pleth varia-
bility index to predict fluid responsiveness depends on the perfusion
index[J]. Acta Anaesthesiol Scand, 2011, 55(6): 686-693

[19] Lima A, van Genderen ME, Klijn E, et al. Peripheral vasoconstriction
influences thenar oxygen saturation as measured by near-infrared
spectroscopy[J]. Intensive Care Med, 2012, 38(4): 606-611

[20] Lima AP, Beelen P, Bakker J. Use of a peripheral perfusion index de-
rived from the pulse oximetry signal as a noninvasive indicator of per-

fusion[J]. Crit Care Med, 2002, 30(6): 1210-1213

(E#EF 1193 1)

[21] Verhaak RG, Hoadley KA, Purdom E, et al. Integrated genomic
analysis identifies clinically relevant subtypes of glioblastoma
characterized by abnormal ities in PDGFRA, IDH1, EGFR, and NF1
[J]. Cancer Cell, 2010, 17(1): 98-110

[22] Martinez-Serrano A, Bjorklund A. Ex vivo nerve growth factor gene
transfer to the basal forebrain in presymptomatic middle-aged rats
prevents the development of cholinergic neuron atrophy and cognitive
impairment during aging[J]. Neurobiology, 1998, 95(4): 1858-1863

[23] Cao Q, Benton RL, Whittemore SR. Stem cell repair of central
nervous system injury[J]. Neuroscience, 2002, 68(5): 501-510

[24] Yang H, Mujtaba T, Venkatraman G, et al. Region-specific

differentiation of neural tube-derived neuronal restricted progenitor
cells after heterotopic transplantation [J]. Proc Natl Acad Sci USA,
2000, 97(24): 13366-13371

[25] Vescovi AL, Synder EY. Establishment and properties of neural stem
cell clones:plasticity in vitro and in vivo[J]. Brain Pathology, 1999, 9
(3): 569-598

[26] Riddick G, Fine H. Integration and analysis of genome-scale data
from gliomas [J]. Nat Rev Neurol, 2011, 7(8): 439-450

[27] Thrie RA, Alvarez-Buylla A. Lake-front property: a unique germinal
niche by the lateral ventricles of the adult brain [J]. Neuron, 2011, 70
(4): 674-686



