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(P<0.05); &N (+) HHEHE PLR fi/5 AVTI #1 ASV (U B T4ARRM (-) 4 (P<
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[ Abstract] Objective To explore the value of predicting fluid responsiveness using velocity time
index variation (AVTI) and stroke volume variation ( ASV) before and after passive leg raising ( PLR)
monitored by bedside temporary test equipment (TTE). Methods A cohort of 42 patients supported with
mechanical ventilation in our hospital admitted from October 2014 to October 2015 were prospectively
selected. The hemodynamic variables including heart rate (HR), mean arterial pressure ( MAP), central
venous pressure (CVP), VTI, SV and other parameters were monitored before and after after undergoing
PLR. Fluid resuscitation volume expansion test was carried out after stroke volume index ( SVI) monitored
by pulse indicator continuous cardiac output monitoring ( PICCO ). Patients were divided into fluid

responsiveness positive group and fluid responsiveness negative group according to presence or absence of
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SVI = 15% after fluid resuscitation volume expansion. Results Of 42 patients, 22 belonged to fluid
responsiveness positive group, 20 got into fluid responsiveness negative group. There were no significant
differences in basic clinical data between two groups. Before and after PLR, there were no distinct changes
in HR and CVP (P >0.05), while MAP, VTI and SV increased significantly (P <0.05) after PLR in
fluid responsiveness positive group. Contrarily, there were no noticeable changes in MAP and SV after PLR
(P>0.05), but HR, CVP and VTI increased significantly (P <0.05) in fluid responsiveness negative
group. The degrees of AVTI and ASV in fluid responsiveness positive group were much higher than those in
fluid responsiveness negative group (P <0.05). According to SVI = 15% monitored by PICCO after fluid
resuscitation volume expansion test as a standard, the area under the ROC (AUC) of AVTI between pre-
PLR and post-PLR was 0.75 (95% CI. 0.593 - 0.907, P <0.01), the sensitivity and specificity were
63.6% and 95% respectively using AVTI 15. 6% as threshold value. The AUC of ASV was 0. 844 (95%
CI:0.716 -0.972, P <0.01), the sensitivity and specificity were 81.8% and 85.0% respectively using
ASV 10.5% as threshold value. Conclusion AVTI and ASV monitored by TTE before and after PLR
could be employed for predicting fluid responsiveness of critical patients under the status of spontaneous

respiration. Their value for prediction of critical patients could be further improved by combined employment
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of these two indexes of variation.
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it s 55 A% e 46 Bn D1 RN RS2 3 O ROR X PR
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SCEERIEE 2RI DL S M 5
(stroke volume variation, SVV) 2 5F8IR1IEE A
St S R A v ) R AEURE R S B, {HTCTE
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il SORZS T AT Bl BRI E (passive leg
rising, PLR) AJ I TAE7E H EFFUCRS AR, A
WFFCRLR R S AR OCHE 45 5 PLR AHZS &, 4k
I R AT AT B X AAAE B 32 P i 2 2 1 0 B s D 4
b, LSS B ERIRIGRIT

1 ARSI

1.1 —fgsa

L1 fF9Ex4 1EHC2014 4F 10 f % 2015 4E 10
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B A2 ], b E ARG 31 B, CEE KNS
i, HEAESVER R 3 Bl Bk 22 f, Lotk 20
B, 4FERY 19 ~66 2, (44.71 £10.54) %,

L2 Abpie (1) &3 AR EE fE
B (2) REFRAR; (3) THEEW
TRCEST. R K AR A

L13 fEBRAndfE (1) FAAE bl 50 4% Rk
(BIEER kL AR, A0 ESE); (2)

Jolie; (3) ik <18 %5 (4) WElik; (5) 171E
R v M, 22 5 DR B BE IR > 12 mmHg (1
mmHg =0. 133 kPa) ; (6) 452 3 5l ik N Bk 4 [ 18
1097 (IABP) Wi (7) FAAEMWESE I, W
FRATEANECE ; (8) FORIKEELESE; (9) &
FHF RIS b iRiIB T
ARUFFAT 5 BE AR T b, T2 BB Pl
Ze b, BT AR SR A YRR A (5
RIE R R ] 5 o
1.2 HRFAE
2.1 A iRE RS &2 CVP & T A Ak
B ICU J5 5 a4 50N Dk 384 8B T ik
FREA UM P OE K TE (7 Fr, SREE
SrasmRm A IRA R, dbnt), IFSIRFE M 7 uEss
FEIRIALT EERIAL OB I AL . sk
& (PICCO % 4), RIS PV2014L16N; [ Jy Wi
£ 4%, PV8IIS, f# ) ) 17 PICCO i I,
Intellivue MP60 W5ilj{ ( Phillips 2y &), faf%) &
Yl B8 0 R (heart rate, HR) | P ¥y 2 ik Ik
(mean arterial pressure, MAP) . ECG # SpO, ,
1.2.2 @sEfdE kgsiiaBilerE ghkihm
BE IR E 450, BCEREMY, N M-Turbo % pK 5%
45 754 (SonoSite 4], 3EE) 1 ~5 MHz
MR RE RS 1 LR 24 D SV @ F 3hiik
WH-R ALY (VTD) o Bk TTE a5
AR & E SRR AR (AoD) , A
Aa (em®) = (7 x AoD2) /4 15 E Sk i
o DR TS Lo U THG I 545 1 32 3 JDkAe 3 i ] R
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4% (VTIAo) . JFHZAZE SV (mL) = VTIAo x Aa
1758 SV, CO (mL/min) = SV x 0% (HR),
SRIGIRSK AT, Fam B ST A 45°, 4
Fr 3 min; FUGHE I SV AT VTL 5K 8 5K 2
MY . SV ORI VTL7E PLR RifJE ¥ =%k, 4%
BB E. AR &R © (ASV) =
<SVPLRJF.‘ - SVPLRﬁ‘i) / SVPLRﬁﬁ x 100 (%); @
(AVTD) = (VTlype = VTl ) 7/ VT x 100
(% ). BHEKEH— %A L8NS 2HRE A
F— 24 2 KU 0 EAE B 2B B A2 0 31 58 o
1.2.3  PICCO Wil Jy i K AG AR 15 5B 2 - Fib
fiJ5 2/ 10 min, PEMBL PLR &, Wi HR i
MAP 548 hRAa RE o, I 2 2 WA I S B 124 328 22 sk
KA SN F ks B R O Rk E S, JE S
Intellivue MP60 Wiill{ % #47 PICCO Wil . HAK Ty
e 4 s WPRHEZ SN BUA B D R O
A 20 mL 4 CykEKEM R, T8 =K, HNF
10 min, BCHEOEI(E, FRHUSVI,
L2.4 MR FHMEARME  PICCO i & SVI )5,
20 min P kB A 2R BEER UK 500 mL, iR
PICCO Wl SVI F 314 (ASVI) = (SVIpeeon —
SVIccoi) 7 SVInccogs X100 (%), L ASVI=15%
HEBEREENYE (+), <15% R itk
(=P b I r e B R O A I PR
T (R ENE ., JlEE e 1 2 s i
U UER I EESE) , 7 RPZOE MRS
1.3 @itZEH%E

R F SPSS 17. 0 Geit /4, it B5dis LA 4
+hpifEZE (xxs) FoR, PIFEARSE BRI LA
¢ Ky FLR FNAMBCAT IS 1 B R A B Xt ¢ 46
K i H TAEFRERZ (ROC) 4r#r TTE BX G
PLR & ASV . AVTI &£ 1l £ 35 500 mL A 31Eh 7K
FR ML G SVI LTt > 15% () R4 Fds =
&, DhZ R (AUC) F195% CI %R LA P

£2

<0.05 NEFAGITFEL.
2 #XR

EARFR
43 Pl g U B 1 A e G A
R, TULRIE A IS, &2 AR AR
(+) 2241, sk (-) 20 Bi. P92 il 4F
WL PRI MRBEAE & (BMI) . APACHE I 94y
Lol ) Mashall #5348 HLARGE A1 B A
ERARR LB ZE R G E L, Wk,

2.1

R1OAERNL (+) (=) URHE—BlE R GOR L
(x £5)
Table 1 Comparison of basic data between fluid responsiveness
positive group and negative group (x +s)

fi FRARIL () BRI C) ot P
Stk (1) 11 11 0.105  0.7464
Lk () 1 9
e (%) 43.41£10.37 46.15+10.80  0.839  0.407
BMI (kg/m?) 22.00+1.83  21.44+1.43 1. 097 0.279
APACHE I 343 14.68 +4.12  14.45+£3.54 0.193 0. 848
M Mashall 343 3.73+1.55 3.70 +1.34 0. 067 0.947
FRINES (f]) 4 2 0.099  0.753
AR 18 18

PUBES ()
JERENE (mmHg) 10.09 £1.80  10.30 +1.38 0.421 0.676

2.2 FERE (+) @ (-) AEPLRAEIG
HR, MAP, CVP % TTE JU& VTI, SV {&
bz

HESOW (+) 4147 PLR J5 MAP BT W

Thi (P <0.05), TTE & VIT & SV {EALEHTA
T (P <0.05); AR (-) 44T PLR

J& HR, CVP K TTE {5 VTI X HHTA B 2 T
(P<0.05), W2,

FRRN (+) M (-) 41E PLR Hf5 A MRS 12 80LE (3 xs)

Table 2 Comparison of haemodynamic variables between pre-PLR and post-PLR in fluid responsiveness positive group and negative

group (x £s)

AR (+) H (n=22)

AR (-) H (n=20)

ity o PLRE tfH P1E Fry PLRE tfH Pi
HR (¥X/min) 77.00 £6.31 76.00 +3. 88 0.633  0.530 73.05 £3. 83 75.60 +3. 87 2.095  0.043
MAP (mmHg) 72.23 £3.92 76.36 £2.94 3.953  0.001 78.05 +4. 83 78.75 £4.31 0.484  0.631
CVP (mmHg) 9.45 +2.04 10. 50 +2. 41 1.560  0.126 11.85 +1.90 13.50 +1. 88 2.760  0.009
VTI (em) 16.85 £2.52 20.33 £3. 10 4.086  0.001 18.28 +2.07 20.55 £2.22 3.345  0.002
SV (mL) 31.18 £6. 53 36. 14 £7.56 2.329 0.0258 37.50 £5.37 40.45 5. 88 1.657  0.106
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2.3 ROC gh#4#7 TTE fll& PLR §i/5 AVTI 1
ASV TRk R R BER R B EMEE
RE
P20 min Py K ERE R AZE BEER /K 500 mL 1)

IEFT AR AAIRDE, PICCO Ml 25 8 7 Mk 5

SVI E Tt = 15% s i 19 25 1 BoR, 25 5

(+) 411 () 41 SVI¥imia e T e, M

RN (+) 4 MAP A, (-) 41 HR

BARNMAIXEAT S A& (R3), HERY

(+) ZHAVTIFIASV 5458y ( -) dHIbiE

*x3

FRAGI X (P<0.01) (F£4), AVTI
WA APERT ROC HHZEF AR 0. 750 (95% CI:
0.593 ~0.907, P <0.01), LI PLR /5 AVTI =
15. 6% Ay [ P VAR 52 1 Pk 1) R BURE S 63. 6%
FESERE R 95. 0% 5 ASV WM A = hz 1 ROC iy
LTRHAN0.844 (95% CI: 0.716 ~0.972, P <
0.01), LA PLR /5 ASV =10. 5% hy [ {EL 000 8 {4
I PE ) R BRE Sy 81.8% , K BEE K 85.0%
(B 1),

AR (+) HA (-) HEFRAEIRE TR AR L (3 £s)

Table 3 Comparison of hemodynamic variables between pre-volume load and post-volume load in fluid responsiveness positive group

and negative group (x £s)

RN (+) H (n=22)

KERN (-) 4 (n=20)

i A e | R e HE - PE
HR (¥X/min) 77.05 £5.95 76.59 £4. 18 0.297 0.768 72.50 £2. 82 74.95 £2.63 2.841 0.007
MAP (mmHg) 72.09 +£4.22 76.82 +3. 14 4.22 0. 0001 80. 25 +4. 69 81.45 +4. 31 0.843 0.405
SVI PICCO [ml/ (min - mz)J 27.77 +4.67 33.55 £5.08 3.93 0. 001 37.35 +4.27 41.10 +£4.96 2.562 0.015
£4 FEEN (+) 4R (-) 4ife PLR §IS TTE W& )

3 it

RS 57 B LU
Table 4 Comparison of TTE indicators between pre-PLR and
post-PLR in fluid responsiveness positive group and

negative group

FER (+) AR (-) 4

e
bR (n=22) (n=20) ¢ Pfg
AVTL (%) 20. 66 +2. 51 12.51 £1.75 12.088  <0.01
ASV (%) 15.88 £2.11 7.79 £2.25 12.025  <0.01
1.0
' S
0.8 [—_] ----Reference Line
N s
0.6
= |
B
L 0.4
0.2 1
0.04 : : :
0.0 0.2 0.4 0.6 0.8 1.0
IR
E1 ROC i34 TTE Jll & PLR /5 AVTI #1 ASV 4
L
Fig 1  Prediction of fluid responsiveness by ROC curve of AVTI and

ASV measured by TTE

TG LB 22 S AE 10 ~ 15 min PR GE
fir A 300 ~500 mL fi AR, SRR E A P A
QITCA Y I T-BOWE 3 SV, CO SR &
e, R E—E il A B E BT RATAE R
N, WA AEEAAIRE (+), RZA
(=)0 SEARAT 2 B 100 mL 5 fA et
FRETE, RIPHE M ROR Y4 (mini-fluid challenge)
Ja, LATTE Y VIT 38K 10% S 45 i Pk
AObRHE, 7R T R A A T R AR R S
JE RV 3 U AT TR 1Y) LA R S
HAATAE R —E A B, 1 4] B2 %20 D) fiE
AT SO BAT i SN ) B 3t R i i B
iy, ANTIINE A B OIS REA 4. Rk, o 1k
G P, A7 R B /N i A PR
HIKTES (50 mL, 10 s NETE) , SRABEH K
HRR M RIS T [ B A R
(EL/ N PR AR i T e SR 2 6 P BT 25 B A 1Y
CO. CLAFfEpRIgm FAE I/, Xy 2058 A AR
NIRRT B 3 WAl ok Y
W,

UTAEAE, — o Y 25 07 Ay S 067 3k 12
TiwAR, MgshhEcE (PLR) . #iik# & IRk
BRBAE AT, BUN df R 45° 0] LU i 300 mL
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FEAT RS 5 0 B0 e, I RR SRR AT R
BFH O Frank-Starling LI BEM &AL T ET) 5,
WR 23X FRT G ARG AT 5 SV gy —Fh B
R, WHEISHESY MBS s T
LR AL TPHH5Z, BT fr B A 2 2 SV B g3
fin, BIZCRETE R M. 2002 4F, Boulain 45 IR
JFJRE PLR T 5 4 S b PEROATSE, & B PLR 18] [i]
1) SV Rk EAEEL (PLRFY) 30, JfH PLR i
T SV Bk A8 AL 5 B 300 mLL A% R R i
SUGE 3B SV R ik He A2 4k %5 Y1 AH &, Monnet
A0V SE SR, 24 PLR 559 3 30 ki 7 354
10% i, EREMI 78 &4 K1l (500 mL A= FEER
K, 10 min) G ESPRIMGE R T 15% (REUE
9% , Fi5#E 94% ) o M T A EFRAERE, 4
PLR 5519 SV 30 > 12. 5% if, BERETIN 784"
SISV KT 15% (REUE 77% , F5H71E
100% ) .,

PLR WL 4% T O D BB bR A2 vl Bl S 2 5h
BIEPR, PSRRI, WL SV SERY R ML
RHWr A a RN PE. B PLR S 57501 838 1 XL
BT i Sk s f AT G o T g e
JER K-, PRI PLR SRR Ay A TR 1) A T S5
%5 (endogenous fluid challenge) """ o % %5 & 8 1t
FIBET S, ASBALGANI S —FE, PG
FFE I 70 T 25 R R AR, JCHGE 0
B D REFR B R AR T i R . IAh, PLR Y
T — LR AME AR O R R B IR T i
PRBL R AR

CA IR ERY], PLR o] DS 2RI T
BORA R AT, WD 22 AR AR S0 A i S i v o 9]
UnJEPF4E O H3E PLR AT DA & T T 46 4
(pleth variability index, PVI) Tl 4% & & h 1
(ROC HiiZk F i FL A 0.796, DL PVI=13.5% Al
i ROWPE R REE R 76. 5% , Fi 5 JE 66.7% ) 5
FAHA R PLR B4 Vigileo H55: X4 #H HEAT H
PR AR S IR YT 4. A 2 AR
PICCO W5l PLR J5 A 3G I i ) 1) 27 48 Fn 1Y 22 4k ok
JUWT R RER NP . Monnet 2521 530k PLR
P ECO, W hn= 5 % nJ DL I3 4 i S5 56155
B CL =15 %, REEETL %, ¥i5% 100% , Dres
00 PLR B4y PICCO s I3TA DU S fi
R LIRS R AU, A AR B 320 152
I (spontaneous breathing trial, SBT) H#ij PLR A g

fifi CLIEIMEE 10% L)L L, B2 Wi 5.0 2 g4 %
FHICHY SBT P U AR W 1) AR TR 97% , 85 ik
81% ,

iRWESE 5 By PICCO 8 Viglio %5 T. H Wi %%
PLR J&5 CO X SV 175 fb > FR U it 671 aof 5 O 119 1
B, BRPART RIFMECR, (A TR Ea
B WEI, BT A X 2%, HLEn B BRI B
Mo A2ERATTALOHER M (NICOM) B4
PLR T 25 5 SO b RS TR g R, A&
A4 PLR J5 NICOM Wil SV &5 3485 | FF =10%
A A RO s (A A 2 Y i 45
HAH R B 45, AR NICOM Wi CI #E PLR
HIE AR PE A e T 25 42 F W1 PR LG AR F 5 6 B
TTE sl A8 i AE B PFAh PLR J5 25 &8 W1 1
WAL TR R

WEAE X F PLR SCgtifi 2 ik, kot
— B IRk 45V N HRZARAS, R P R
SLIHAR RS T DUIRAS B R A R, B
RCREAN AT LR SSC M 3 eI, [ s 3 ]
U TAT LA B — 0 43 5 I 34 13 2 o ASBR S B
BRI — PLR J7r=C, N TTE W5 PLR {5 SV
FIVTL &8 bR 224k, IF LA PICCO Wil 28 M5
T SLIG I SV _ETHE TS =15% 15 A1 254 U
PERY “GAnuE”, M IRUE TTE B4 PLR X —#
VERRF FIWT AEAE 32 0 W R0 35 25 3 vy M 1) g
il

AHIGEEE FEAE s bR ) PLR 2056 mT DLl 25
FOW (+) 4L VIL, SV Fl MAP 5 Z Hif B i
FhE (P <0.05) (5£2), XWAMAIT PLR
RFE AT LR e, R FE A BE PLR BR
BEINET AT AL, AT BES Ay He ) 8% A A O i
S, T TG A8 S 2 T 0 SR, €O T
s AR BN OR A SV 34 i 5 3 CO .
{EALGER 78 PLR Ji 5 02 0B W AR, Hok
 PLR S350 Ay 67 £r 6 0475 02 1 3t 3 01 27 22 A Y
FERE,

RN, (-) 4, PLR FARMH MAP 35,
I CVP Al HR W AHTAT BH B3 &, 3 IR bl
S P 45 SR s o T 6 TR 2L 2 7 A 114 28 [
AR (F2), BEZIATEGE B AATRR DD
NTRRIMEER, AR (+) A)
J5 MAP Rl At s, Aemfsidsm (-) 4
HR BRI (36 3) . PLR FIZS & 1 ff ik 5
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e C+) F (=) AR AH LSS S ) 2 55 E
T PLR PR s AT g A AT A7k o

AMF7Eidsd PLR J5 il 44183 VT A1 SV i1
ARSERERD AVTL T ASV B, BN (+) 4
FR2 ANMEREE (-) ZRFASIT¥FENL (F
4), LL PICCO I & %5 & i fap i 56 J5 SVI b Fh =
15% JkrsE, LI PLR §iJ5 AVTI = 15. 6% A 5 {5
TR AA S g Ve ) R BRE hy 63.6% , KFE RN
95.0% (P&l 1), Brun 2 B30 Je Ik T £ (1 BF
2 RBAT PLR BATE], AVTIL > 12% i) (24 45 8 %
IO 1) R HORE RN S BE 3 2 75% F100% , 54
WFE 45 AT, A5 R DL PLR [ J5 ASV =
10. 5% g [ {E T VA4 5 W P 1) ROC |4 F 1R
H70.844, RAKE F81.8% , KRB 585.0% ,
R T 8 NI E (1),
Guinot Z£M £ 5%F VV-ECMO 3%  F PLR #E47H9 %5
BN HEIEAE P HAESZ L PLR 5 ASV > 10% T
53 S o M ) RS 62% , R 5 BE R 92%
Lamia 25 41t [ 2 09 0 28 % A WF 5500 0 24 PLR
P SV I > 12. 5% B, B RETIN A 5 5K ik
T SV KT 15% (RBERTT% , FewEH
100% ) o 355 A WF 58 25 B A Rl [N 5= i
ST BT S AT 0 BT, VR R T
TTE 1 PICCO Wi PLR [ J ASV 25 {6 Tl I 45
I PE ROC iy 26 F L 4 %I & 0.867 ((SV-
Doppler) #10.883 (SV-PICCO) . {HIZWFFEHY bk [
ST AP 25 o B i 56 5 CO 5% SV 4% 1T
HA “ErafE” 1EASBETI5E, XEHUF5R
LERN B UNEH R — 2 IR . 2B AR F5T T PLR
J& AVTI = 15. 6% F1 ASV = 10. 5% A [5 {5 Fi I 1 44
SN P R R AR S R 2 SR B, R A PLR i
TR SLE, L AVTL f1 ASV 7 R g2 35 4%,
AT ARG b T DR 255 5 S oy 1

ER A PLR B3 - BT A 48 b 220 0] A Sy 1)
Pt S NEPE BZEAE bR, I Cavallaro 251 25 3¢
SyBT R, PLR 5 ik He AR A TR0 25 o i W 1 1)
R RS AT CO/CL, SV 5 3 3 ik if i
HIEESHON B AN . X 0] 585 bk 8] 2 Sz i
SV I RE 71 52 Sl Jik G 1 AR 3000 e 350 457 198 5% Wi 5 56
XA RS G e — L IT R . AL, XGRS, ik
B 2280 Wi PLR 48 S MR

UG TTE AR LRI ELL W, (H55C |k
K22 PRI R K 38 1A 7 UL 4 TG 5 12 2 W U

AT TFER RS, PLR 75 S A I3 8 7 2% R0 %
REEES ., PR, BT IURRAEEHLE,
SO MLA MG FRY, N2 BANILE 2 T R,
PLR {78 B G RO MELAFR A, B R0 1t 3 5
J1227e A, 3 W) PLR F500 A S50 T B LA,
X EABAAE — SO BRI, n— Ty A i AT fE
ANBEFESF IO ME R 82, 55— 16T U AT i
TPEC KA R F 1 BA B SOV R
OUIREMA N . BUAME I g B2 %t PLR A 70
A SRETHE ™ s 6 AT RE SR AN B, B
SR DRIAFIF A IR 55 o I8 A — BERFER TG L
Blhn B P PR . IR B A A, §
R, NE AN T e R A i TTE 75 77 X
PABRAGEE o DU oty & B FEAR A T A IS, X
AR B4 T i R R S X — T SR LA DG TE o

£ % x
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