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F0

F1

Flux sanguinV

V = (F1 - F0) x C/ 2 x F0 x cos a

Sonde
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Flux systolique enregistré
en Doppler au niveau de 
l'anneau aortique

0 m/s

V max = 1 m/s

VTI : intégration des vitesses 
pendant la systole
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P1P1 P2P2

VV

P2 - P1 = 4 x V2



Velocity= 3 m/s

TR

"
�
��


#$#���!!
����
�
��
����
	

��




VD

OD

Velocity= 3 m/s

TR



2 mmHg

38 mmHg

Gradient = 36 mmHg dP = 4 V² Velocity= 3 m/s

TR
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Auteurs (années) Patients 
(n) 

Impact 
thérapeutique 

(%) 

Oh (1990) 51 24 

Vignon (1994) 96 44 

Heidenreich (1995) 61 68 

Poelaert (1995) 108 43 

Sohn (1995) 124 52 

Slama (1996) 61 20 

Colreavy (2002) 255 34 
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ECHOCARDIOGRAPHIE

Pressions droites

Fonction VG et 
la PAPO

Volémie

Débit 
cardiaque

Fonction VD
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MeanMean 211 / 195211 / 195 52 52 %%

CHEST 2002, 121:2000CHEST 2002, 121:2000--8 8 

R / NRR / NR R  R  (%)(%)

Calvin Calvin ((SurgerySurgery 81)81) 20 / 820 / 8 71 71 %%
Schneider Schneider ((AmAm HeartHeart J 88)J 88) 13 / 513 / 5 72 72 %%
ReuseReuse ((ChestChest90)90) 26 / 1526 / 15 63 63 %%
MagderMagder (J (J CritCrit Care 92)Care 92) 17 / 1617 / 16 52 52 %%
DiebelDiebel ((ArchArch SurgerySurgery 92)92) 13 / 913 / 9 59 59 %%
DiebelDiebel (J Trauma 94)(J Trauma 94) 26 / 3926 / 39 40 40 %%
Wagner Wagner ((ChestChest98)98) 20 / 1620 / 16 56 56 %%
Tavernier Tavernier ((AnesthesioAnesthesio98)98) 21 / 1421 / 14 60 60 %%
MagderMagder (J (J CritCrit Care 99)Care 99) 13 / 1613 / 16 45 45 %%
TousignantTousignant (A (A AnalgAnalg 00)00) 16 / 2416 / 24 40 40 %%
Michard Michard (AJRCCM 00)(AJRCCM 00) 16 / 2416 / 24 40 40 %%
FeisselFeissel((ChestChest01)01) 10 / 910 / 9 53 53 %%



TheThe use of use of transesophagealtransesophagealechocardiographyechocardiographyfor for preloadpreload assessmentassessmentin in criticallycritically illill

patients.patients. TousignantTousignant CP, Walsh F, Mazer CD.CP, Walsh F, Mazer CD.AnesthAnesth AnalgAnalg 2000;90:3512000;90:351--355355

respondersresponders nonnon--respondersresponders

***
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PostPost PostPost



Preload

Stroke
volume

DDB  USI

STARLING RELATIONSHIP

All indices of preload poorly predict fluid responsiveness !



**

****

** If RV If RV isis preloadpreload--dependantdependant

**** If LV If LV isis preloadpreload--dependantdependant

MechanicalMechanical
InsuflationInsuflation

RV RV PreloadPreload

Right Right strokestroke VolumeVolume

LV LV PreloadPreload

LeftLeft StokeStoke
VolumeVolume

DuringDuring expirationexpiration

2 2 àà 3 3 cardiaccardiac cyclescycles
latterlatter

PulmonaryPulmonary transittransit
InspirationInspiration



Superior vena cava Mitral flow

Pulmonary arterial flow

Right and left atria

Aortic flow



DDDDVCI : 1%



DDDDVCI 22%



After blood volume expansion

dIVC = 95 %
CI = 1.8 L/min/m2

dIVC = 28 % 
CI = 2.6 L/min/m2

Baseline

dIVC = 0 %
CI = 2.3 L/min/m2

dIVC = 0 %
CI = 2.3 L/min/m2

A

B



DDDDDDDDDDIVCIVC MaximumMaximum DDIVCIVC MinimumMinimum DDIVCIVC

RR NRNRRRRR NRNRNRNR

TheThe respiratoryrespiratory variation of variation of inferiorinferior venavenacava cava diameterdiameter as a a guide to as a a guide to fluidfluid therapytherapy

FeisselFeisselM, Michard F, M, Michard F, FallerFaller JP, JP, TeboulTeboul JL JL 

Intensive Care Intensive Care MedMed 2004, 2004, 30:183430:1834--18371837
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A Vieillard-Baron Int Care Med 2004 



Vieillard-Baron A Anesthesiology 2001;95:1083-8



VelocityVelocity Time Time IntegralIntegral

DDDDDDDDVTI% =VTI% =
ITVITV maxmax -- VTIVTI minmin

((VTIVTI maxmax + + VTIVTI minmin)/2)/2

StrokeStroke Volume = Volume = 
VTI x VTI x aorticaortic areaarea

ITV max ITV min
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Slama M Am J Physiol 2002;283:H1729



Cardiac output 
will increase

by more than 40 % 
after fluid infusion

VpeakVpeakmaxmax

VpeakVpeakminmin

dVpeak = 33% 
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rr 22 = 0.83= 0.83
p < 0.001p < 0.001

RespiratoryRespiratory changes in changes in aorticaortic bloodblood velocityvelocity as an as an indicatorindicator of of fluidfluid responsivenessresponsiveness
in in ventilatedventilated patients patients withwith septicsepticshockshock..
FeisselFeisselM, Michard F, Mangin I, Ruyer O, M, Michard F, Mangin I, Ruyer O, FallerFaller JP, JP, TeboulTeboul JL. JL. ChestChest2001; 119:8672001; 119:867--873873

DDDDDDDDVpeakVpeak ((%)  %)  avant remplissageavant remplissage

ÉÉlléévation DC vation DC 
induiteinduite

par remplissagepar remplissage
(%)(%)




Ù
Ù
Ù
Ù
Ù
Ù
Ù
ÙVpeakVpeak
(%)(%)

BeforeBefore

FluidFluid ChallengeChallenge
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2424

2828

3232

3636

respondersresponders NonNon--respondersresponders

RespiratoryRespiratory changes in changes in aorticaortic bloodblood velocityvelocity as an as an indicatorindicator of of fluidfluid responsivenessresponsiveness
in in ventilatedventilated patients patients withwith septicsepticshockshock..
FeisselFeisselF, Michard F, Mangin I, Ruyer O, F, Michard F, Mangin I, Ruyer O, FallerFaller JP, JP, TeboulTeboul JL.JL. ChestChest2001; 119:8672001; 119:867--873873
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StrokeStroke volumevolume

preloadpreload--ddéépendencypendency

VentricularVentricular preloadpreload

PreloadPreload independencyindependency
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Monnet X and Teboul JL Crit Care Med 2006
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Shortening
Fraction

of LV Area

Ejection
Fraction

Systolic

Function
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SV = (PPPPD2/4) x VTI

D VTI
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Vp Vp



Ea

Aa

•DTI
• Mitral Annulus

Normal Values

Ea > 8 cm/s et Ea / Aa > 1
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Ea

Aa Ea
Aa

normal
Ea = 18cm/s    Ea > Aa

HT
Ea = 7,5cm/s  et     Ea < Aa
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Preload dependance of mitral flow

SOHN, JACC 1997

BASE TNT
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E / Vp

PCP
(mmHg)

( Garcia et al. JACC 1997; 29: 448-54)

n = 45

Elevated diastolic pressure : E/Vp > 2.5



Nagueh; Circulation 
1998

E/Ea

E/Ea

Elevated Diastolic Pressure
E/Ea > 10  (Nagueh JACC 1997)   or  E/Ea > 15  (Ommen Circulation 2000)
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