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Various Various andand intricate intricate mechanisms responsible for mechanisms responsible for 

hemodynamic failure hemodynamic failure in critically ill patientsin critically ill patients

hypovolemia
vascular tone

depression
myocardial
depression

vasopressorsvasopressors inotropesinotropesfluidsfluids

 Important to assess the degree of each component
to select the most appropriate therapeutic option

 Important to assess the response to treatment

presence of associated ARDS



• PAC

• Transpulmonary thermodilution monitors

• Lithium dilution monitor

→  PiCCO2

→  VolumeView

• Doppler methods

→  esophageal Doppler 

→  echocardiography

→  USCOM

• CO2 rebreathing

AvailableAvailable hemodynamichemodynamic monitoring monitoring devicesdevices

→  LiDCOplus

invasive

less invasive

less invasive

non invasive

non invasiveMany devices, an abundant literature about their validity

→  FloTrac/Vigileo

→  MostCare

→  Nexfin/Clearsight

→  LiDCOrapid

→  ProAQT/PulsioFlex

• Bioimpedance

→ Thoracic Electrical Bioimpedance

→ Endotracheal Bioimpedance

• Bioreactance

• CO2 rebreathing

• Uncalibrated Pulse Contour methods

non invasive

less invasive

less invasive non invasive

non invasive

non invasive

• Pulse wave transit time non invasive

Many devices, an abundant literature about their validity

… but still a dilemma

as to which ones to use and at what point
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Impossible d'afficher l'image. Votre ordinateur manque peut-être de mémoire pour ouvrir l'image ou l'image est endommagée. Redémarrez l'ordinateur, puis ouvrez à nouveau le fichier. Si le x rouge est toujours affiché, vous devrez peut-être supprimer l'image avant de la réinsérer.







intermittent 
measurements of 

several cardiac  
function variables





Central venous catheter

CVP     ScvO2 PcvCO2

Helpful to diagnose RV dysfunction Helpful to diagnose RV dysfunction

 Helpful to target the optimal MAP



Mean perfusion pressure (MPP = MAP-CVP) but not MAP

was an independent factor associated with AKI progression.

A value of MPP of 60 mmHg was found as a cutoff. 



Central venous catheter

CVP     ScvO2 PcvCO2

Helpful to diagnose RV dysfunction Helpful to diagnose RV dysfunction

 Helpful to target the optimal MAP

 Not helpful to predict fluid responsiveness



Crit Care Med 2013; 41:1774-81

1802 pts
Summary AUC

0.560.56

Predicting fluid responsiveness 
with CVP is like 



Central venous catheter

CVP     ScvO2 PcvCO2



SvOSvO22 == SaOSaO2    2    --
VOVO22

CO  CO  xx Hb  Hb  xx 13.413.4

ScvO2 is an acceptable reflection of SvO2

ScvO2 indicator of VO2 / DO2 balance

ScvO2 is an acceptable reflection of SvO2



Rivers et al. Rivers et al. New Engl J MedNew Engl J Med 2001 2001 



Initial resuscitation

Initial resuscitation

1. Protocolized, quantitative resuscitation of patients with sepsis-induced hypoperfusion
(defined as hypotension persisting after initial fluid challenge or blood lactate  4 mmol/L). 
Goals during the first 6h of resuscitation:

(a) Central venous pressure 8-12 mmHg

(b) Mean arterial pressure (MAP)  65 mmHg

(c) Urine output  0.5 mL.kg-1 h

(d) Central venous or mixed venous oxygen saturation 70 or 65%, respectively

Central venous pressure 8-12 mmHg

Initial resuscitation

1. Protocolized, quantitative resuscitation of patients with sepsis-induced hypoperfusion
(defined as hypotension persisting after initial fluid challenge or blood lactate  4 mmol/L). 
Goals during the first 6h of resuscitation:

(a) Central venous pressure 8-12 mmHg

(b) Mean arterial pressure (MAP)  65 mmHg

(c) Urine output  0.5 mL.kg-1 h

(d) Central venous or mixed venous oxygen saturation 70 or 65%, respectively



No mention to ScvO2 anywhere

in the 93 recommendations!!



ProcessProcessAriseArise PromisePromise

No improved survival with EGDT



ProcessProcessAriseArise PromisePromise

Caution:

• Patients were far less sick than in the Rivers’ study

• Mean ScvO2 was already > 70% (the target) at inclusion time

 Pts received 2,500 mL fluids before inclusion

These studies cannot tell anything about 
the utility of targeting or not ScvO2 > 70% when it is low

By design, these studies could not show any benefit
of targeting ScvO2 >70%



• In patients with a central venous catheter, we suggest measurements 

of ScvO2 and v-aPCO2 to help assess the underlying pattern and the

adequacy of cardiac output as well as to guide therapy

Level 2; QoE moderate (B)





Central venous catheter

CVP     ScvO2 PcvCO2



• In patients with a central venous catheter, we suggest measurements 

of ScvO2 and v-aPCO2 to help assess the underlying pattern and the

adequacy of cardiac output as well as to guide therapy

Level 2; QoE moderate (B)





simplified

Fick equation

VCO2
PcvCOPcvCO22 -- PaCOPaCO22 =    k .    

Cardiac OutputFick equation Cardiac Output



PcvCO2 - PaCO2 marker of  "adequacy" of venous blood
flow to clear the CO2 produced in the peripheral tissues

• A normal PCO2 suggests that elevation of CO
cannot be a priority in the therapeutic strategycannot be a priority in the therapeutic strategy

• A high PCO2 suggests that elevation of CO
can be a good therapeutic option
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SAP: reflection of LV afterload
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MAP: important target for resuscitation

of patients with shock
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DAP: reflection of vasomotor tone

a low DAP is mainly due to a depressed arterial tone
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A low PP (30 mmHg) 

suggests that the stroke volume is low

DAP
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Useful of information can be drawn

from SAP, MAP, DAP, PP 

and from the analysisanalysis of the AP AP waveformwaveform

DAP





Stroke 
volume

High PPV

A B Cardiac preload

Preload unresponsiveness

Preload responsiveness

Low PPV
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Threshold: 12%
AUC: 0.94

807807 pts 22 22 studies





Tidal volume challenge

PPV6-8 cut-off 3.5

Impossible d'afficher l'image. Votre ordinateur manque peut-être de mémoire pour ouvrir l'image ou l'image est endommagée. Redémarrez l'ordinateur, puis ouvrez à nouveau le fichier. Si le x rouge est toujours affiché, vous devrez peut-être supprimer l'image avant de la réinsérer.

Impossible d'afficher l'image. Votre ordinateur manque peut-être de mémoire pour ouvrir l'image ou l'image est endommagée. Redémarrez l'ordinateur, puis ouvrez à nouveau le fichier. Si le x rouge est toujours affiché, vous devrez peut-être supprimer l'image avant de la réinsérer.

Tidal volume challenge

Transient (1 min) increase

in tidal volume

from 6 to 8 mL/kg

PPV6
PPV8



∆PPV

∆SVV

baseline PPV

baseline SVV ∆PPV = increase in PPV during TVC

∆SVV = increase in SVV during TVC





Central Venous Catheter (cold bolus injection)

Thermodilution femoral arterial catheter



Transpulmonary thermodilution

Intermittent cardiac output

Pulse contour analysis

Continuous cardiac output



Transpulmonary thermodilution

systems are not justnot justsystems are not justnot just

CO monitoring CO monitoring systems



GEDVGEDVGEDVGEDV

a measure of global global 

cardiaccardiac preloadpreload



CFI CFI and GEFGEFCFI CFI and GEFGEF

markers of 

globalglobal systolicsystolic functionfunction



EVLWEVLWEVLWEVLW

quantitative quantitative measure

of pulmonarypulmonary edemaedema





PVPIPVPIPVPIPVPI

measure of 

lunglung capillarycapillary leakleak
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PVPI is an independent predictor of mortality in ARDS patients

200 pts200 pts DD2828 mortalitymortality

54%54%

Maximal blood lactate 1.27 (1.12 - 1.45) 0.0002

Mean PEEP 0.78 (0.67 – 0.91) 0.002

Minimal PaO2 / FiO2 0.98 (0.97 - 0.99) 0.0009

SAPS II 1.03 (1.01 - 1.05) 0.008

Mean fluid balance 1.0004 (1.0000 – 1.0007) 0.03

p valueOdds Ratio ( CI 95%)

PVPImax 1.07 (1.02 - 1.12) 0.03



Continuous cardiac outputContinuous cardiac output (CCO)Continuous cardiac outputContinuous cardiac output (CCO)

Useful for performing diagnostic and therapeutic tests

(PLR, fluid challenge, etc…)



SVV SVV and PPVPPVSVV SVV and PPVPPV

for guidingguiding

fluid fluid administration



• PPV and SVV for predicting fluid responsiveness

TranspulmonaryTranspulmonary thermodilutionthermodilution systems

Useful for guiding fluid managementguiding fluid management

especially in patients with ARDSARDS and septicseptic shockshock

Fluid infusion benefitbenefit / riskrisk ratio 

What to do when PPV or SVV are not interpretable?

• to start

• to continue

• to stop

• PPV and SVV for predicting fluid responsiveness

• EVLW and PVPI for assessing lung tolerance to fluid infusion

fluid infusiondecision

What to do when PPV or SVV are not interpretable?



Unlike fluid challenge, no fluid is infused,

and, the effects are reversible

The hemodynamichemodynamic responseresponse to PLRPLR

can predict the hemodynamichemodynamic responseresponse to volume infusionvolume infusion

PLR mimics fluid challenge



Crit Care 2015, 19:18

Re-assess CO in the semi-
recumbent position

(should return to baseline)

5

Volume 

Assess PLR effects by directly
measuring CO

(not with BP only)

3

Use the bed adjustment
and avoid touching the patient

(pain, awakening)

2

45°

CO
CO

CO CO

Check that the 
trunk is at 45°

1
Use a real-time 

measurement of CO

4

Volume 
expansion

Use a real-time 
measurement of CO

4



2121
clinical

995995 pts

Changes in CO
AUCAUC:: 0.95 0.95 ±± 0.01 0.01 

ThresholdThreshold: 10%10%

clinical
studies



• PPV and SVV, if applicable

TranspulmonaryTranspulmonary thermodilutionthermodilution systems

Useful for guiding fluid managementguiding fluid management

especially in patients with ARDSARDS and septicseptic shockshock

Fluid infusion benefitbenefit / riskrisk ratio 

• to start

• to continue

• to stop

• PPV and SVV, if applicable

• EVLW and PVPI for assessing lung tolerance to fluid infusion

• Pulse contour CO response to PLR 

fluid infusion

prediction of fluid responsiveness

decision





Continuous CO and SvO monitoringContinuous CO and SvO2 monitoring
+

Intermittent measurements of    
RAPRAP PAP   PAP   PAOP  PAOP  

+
Intermittent calculation of 

DO2, VO2, PCO2 gap





• PAC

• Transpulmonary thermodilution monitors

• Lithium dilution monitor

→  PiCCO2

→  VolumeView

• Doppler methods

→  esophageal Doppler 

→  echocardiography

→  USCOM

• CO2 rebreathing

AvailableAvailable hemodynamichemodynamic monitoring monitoring devicesdevices

→  LiDCOplus

non invasive

non invasive
Many devices, an abundant literature about their validity

→  FloTrac/Vigileo

→  MostCare

→  Nexfin/Clearsight

→  LiDCOrapid

→  ProAQT/PulsioFlex

• Bioimpedance

→ Thoracic Electrical Bioimpedance

→ Endotracheal Bioimpedance

• Bioreactance

• CO2 rebreathing

• Uncalibrated Pulse Contour methods

non invasive

less invasive

non invasive

non invasive

non invasive

• Pulse wave transit time non invasive

… but in general more suitable

for the OR setting than for the ICU



Pt presenting with septic shock

Increase infusion rate if:
. Fluid losses
. Abdominal sepsis

. Mottling, ↗ CRT

. Low PP

Decrease infusion rate if:
. Worsening of tachypnea
. Fall in O2 saturation

Infuse around 10 mL/kg
crystalloids

within the first hour

Importance of individualization

of the initial fluid therapy



Pt presenting with septic shock

Increase infusion rate if:
. Fluid losses
. Abdominal sepsis

. Mottling, ↗ CRT

. Low PP

Decrease infusion rate if:
. Worsening of tachypnea
. Fall in O2 saturation

Infuse around 10 mL/kg
crystalloids

within the first hour

+

Norepinephrine

if DAP is low



Check if MAP adequate Check if DO2 adequate to VO2

2) If yes, try to optimize the macrocirculation

yes no

If MAP – CVP adequate

1) Does shock persist? clinical signs, lactate

yes no
DAP



Check if MAP adequate Check if DO2 adequate to VO2

If MAP – CVP adequate

yes no

2) If yes, try to optimize the macrocirculation

1) Does shock persist? clinical signs, lactate

ScvO2

low not low

Insufficient
CO

Vasopressors

depressed
arterial tone

yes no
DAP



Check if MAP adequate Check if DO2 adequate to VO2

If MAP – CVP adequate ScvO2

low normal high

yes no

2) If yes, try to optimize the macrocirculation

1) Does shock persist? clinical signs, lactate

low not low

Insufficient
CO

Vasopressors

depressed
arterial tone

yes no
DAP





Check if MAP adequate Check if DO2 adequate to VO2

If MAP – CVP adequate ScvO2

low normal high

yes no

2) If yes, try to optimize the macrocirculation

1) Does shock persist? clinical signs, lactate

low not low

Insufficient
CO

low Hb not low Hb

RBC? Insufficient CO

Insufficient 
preload?

Insufficient
contractility?

low LVEF

Inotropes?

not low LVEF
RV failure no RV failure

Vasopressors

depressed
arterial tone

yes no
DAP

Should we
infuse fluids?



Check if MAP adequate Check if DO2 adequate to VO2

If MAP – CVP adequate ScvO2

low normal high

yes no

2) If yes, try to optimize the macrocirculation

1) Does shock persist? clinical signs, lactate

low not low

Insufficient
CO

low Hb not low Hb

RBC? Insufficient CO

Insufficient
preload?

Insufficient
contractility?

low LVEF

Inotropes?

not low LVEF
RV failure no RV failure

preload responsiveness
dynamic variables

Vasopressors

depressed
arterial tone

yes no
DAP



We recommend using

dynamic over static variables 
to predict fluid responsiveness, 

when applicable

We suggest that 
dynamic over static variables be used 

to predict fluid responsiveness, 
when available 



normal heartnormal heart

preload responsiveness

Stroke 
volume

DynamicDynamic indicesindices of preloadpreload responsivenessresponsiveness

HeartHeart-lunglung interaction interaction indices Passive Passive LegLeg RaisingRaising test
failing heartfailing heart

preload unresponsiveness

volume

Ventricular preload

HeartHeart-lunglung interaction interaction indices



We suggest that dynamic over static variables be used 
to predict fluid responsiveness, when available 



normal heartnormal heart

preload responsiveness

Stroke 
volume

DynamicDynamic indicesindices of preloadpreload responsivenessresponsiveness

HeartHeart-lunglung interaction interaction indices Passive Passive LegLeg RaisingRaising test

The idea behind is that
the more the cardiac output (or stroke volume) 

changes with MV,
failing heartfailing heart

preload unresponsiveness

volume

Ventricular preload

HeartHeart-lunglung interaction interaction indices

Respiratory variation of SV 

(or surrogates such as PPV)

the more likely the patient is preload responsive 

End-expiratory occlusion 

test

Tidal volume 

challenge



End-expiratory occlusion

Transient increase in venous return and preload

Fluid responders should be identified

by an increase in their CO 

during the end-expiration occlusion test 
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effects of EEO on CO

Respiratory system 
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0 20 40 60 80 100

60

40

20

0

100-Specificity

PPV

2



Best threshold: 5%9 studies Best threshold: 5%

AUC = 0.96
95% CI: 0.92-1.00

9 studies





Check if MAP adequate Check if DO2 adequate to VO2

If MAP – CVP adequate ScvO2

low normal high

yes no

2) If yes, try to optimize the macrocirculation

1) Does shock persist? clinical signs, lactate

low not low

Insufficient
CO

low Hb not low Hb

RBC? Insufficient CO

Insufficient
preload?

Insufficient
contractility?

low LVEF

Inotropes?

not low LVEF
RV failure no RV failure

if ARDS
PAOP or EVLW

safety parameters

Vasopressors

depressed
arterial tone

yes no
DAP

preload responsiveness
dynamic variables



Check if MAP adequate Check if DO2 adequate to VO2

If MAP – CVP adequate ScvO2

low normal high

yes no

2) If yes, try to optimize the macrocirculation

1) Does shock persist? clinical signs, lactate

low not low

Insufficient
CO

low Hb not low Hb

RBC? Insufficient CO

Insufficient
preload?

Insufficient
contractility?

low LVEF

Inotropes?

not low LVEF
RV failure no RV failure

if ARDS
PAOP or EVLW

safety parameters

Vasopressors

depressed
arterial tone

yes no
DAP

Benefit

Risk

/

preload responsiveness
dynamic variables



Check if MAP adequate Check if DO2 adequate to VO2

If MAP – CVP adequate ScvO2

low normal high

yes no

2) If yes, try to optimize the macrocirculation

1) Does shock persist? clinical signs, lactate

low not low

Insufficient
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Check if MAP adequate Check if DO2 adequate to VO2

If MAP – CVP adequate ScvO2

low normal high

yes no

2) If yes, try to optimize the macrocirculation
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Check if MAP adequate Check if DO2 adequate to VO2

If MAP – CVP adequate ScvO2
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Check if MAP adequate Check if DO2 adequate to VO2
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Check if MAP adequate Check if DO2 adequate to VO2

If MAP – CVP adequate ScvO2

low normal high

yes no

2) If yes, try to optimize the macrocirculation

1) Does shock persist? clinical signs, lactate
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Check if MAP adequate Check if DO2 adequate to VO2

If MAP – CVP adequate ScvO2

low normal

nothing to do

high

yes no

2) If yes, try to optimize the macrocirculation

1) Does shock persist? clinical signs, lactate
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RBC? Insufficient CO

Insufficient 
preload?
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