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Fluid infusion Vasopressor (NE)

↗ Mean systemic pressure ↗ Mean systemic pressure ↗ SVR

↗ MAP 
↗ Venous Return and thus ↗ CO 

if preload responsive pts



Venous return = (Pms – RAP) / Resistance to venous return



Mean systemic pressure
is the upstream pressure for venous return

Venous return = (Pms – RAP) / Resistance to venous return

<

Mean systemic pressure is a marker of the effective blood volume



CI
(L/min/m2)

Pms
at baseline

Pms
after fluid

VR curve
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in case of preload unresponsivenessin case of preload responsiveness

VR curve
at baseline

VR curve
after fluid

VR curve
at baseline

VR curve
after fluid

The mean systemic pressure increases after fluid infusion

in all cases (preload responsiveness as well as preload unresponsiveness)



Fluid infusion Vasopressor (NE)

↗ Mean systemic pressure ↗ Mean systemic pressure ↗ SVR

↗ MAP 
↗ Venous Return and thus ↗ CO 

if preload responsive pts
↗ Venous Return and CO 
in preload responsive pts



*

Mean systemic pressure was estimated by end-expiratory and end-inspiratoy occlusion manœuvres

Fluid responders Fluid non-responders

The venous return pressure gradient increased

only in preload responsive patients



Fluid infusion

↗ Mean systemic pressure ↗ Mean systemic pressure

↘ SVR

↗ Venous Return and thus ↗ CO 
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↗ Venous Return and CO 
in preload responsive pts

↘ Sympathetic reaction
induced by low CO

Flow-dependent vasodilation
due to arteriolar NO secretion 



Fluid infusion decreased SVR

when CO increased
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Fluid infusion
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↗ Mean systemic pressure ↗ SVR

↗ Venous Return and thus ↗ CO 
if preload responsive pts

Fluid infusion

↘ SVR

↗ MAP ↗ Venous Return and CO 
in preload responsive pts

Norepinephrine

Cardiac
contractility
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induced by low CO

Flow-dependent vasodilation
due to arteriolar NO secretion 



before NE with NE before NE with NE

In spite of the increase in blood pressure (LV afterload), 

all the indices of cardiac systolic function improved with NE

suggesting an improved cardiac contractility

SAP 85 (25) 124 (15)



Potential mechanisms: Potential mechanisms: 

• Effect on myocardial β1 receptors not yet down-regulated at the early phase

• Increase in coronary perfusion pressure (through increase in DAP)

before NE with NE
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due to arteriolar NO secretion 



105 pts

* *

Increase in preload and cardiac output and decrease in preload-dependency

54

76

MAP mmHg

34
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SVI mL/m2

*

694
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GEDVI mL/m2

13

9

PPV %

*



• NE increases cardiac preload

Messages Messages of these two studiesof these two studies

… as fluidfluid infusion does

Crit Care Med 2011; 39:689-694 

• NE increases cardiac preload

• NE increases CO in preload-dependent patients

• NE reduces the degree of preload-dependency

How does NE impact the venous circulation?

by blood redistribution
from unstressed to stressed volume?



(L/min/m²) before the decrease in the dose of norepinephrine.

4

Experimental points and linear regression line 
after the decrease in the dose of norepinephrine.
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Experimental points and linear regression line 
after the decrease in the dose of norepinephrine.
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NE increases both
the Pms and 

the resistance to VR



with NE

before NE



with NE

before NEIn spite of an increase in venous resistance,

venous return increases with NEvenous return increases with NE

through an increase in Mean Systemic Pressure

related to blood redistribution

from unstressed to stressed volume



Fluid infusion

↗ Mean systemic pressure
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Fluid + Norepinephrine

Potential advantages of Fluid + NE combination

1) Increases the mean systemic pressure more than fluid alone (better CO)





Increase in mean systemic pressure with volume (300 mL)

+ 37%

+ 12%

with NE without NE
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2) Corrects hypotension better than fluid alone2) Corrects hypotension better than fluid alone



Fluid + Norepinephrine

Potential advantages of Fluid + NE combination

1) Increases the mean systemic pressure more than fluid alone (better CO)

2) Corrects hypotension better than fluid alone2) Corrects hypotension better than fluid alone

3) Limits fluid overload



Positive cumulative fluid balance 

is an independent factor associated with mortality



The volume of fluids was lower when norepinephrine was given early



The five arguments to initiate norepinephrine early

Delayed NE

Very Early NE



Fluid + Norepinephrine

Potential advantages of Fluid + NE combination

1) Increases the mean systemic pressure more than fluid alone (better CO)

2) Corrects hypotension better than fluid alone2) Corrects hypotension better than fluid alone

3) Limits fluid overload

4) May improve tissue oxygenation



StO2 %

MAP mmHg 54 ± 8 77 ± 9

StO2 recovery slope
(%/s) 

MAP mmHg 54 ± 8 77 ± 9
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Correcting hypotension and increasing cardiac 

output with NENE resulted in recruitmentrecruitment

of microvesselsmicrovessels and better tissue oxygenationbetter tissue oxygenation



Fluid + Norepinephrine

Potential advantages of Fluid + NE combination

1) Increases the mean systemic pressure more than fluid alone (better CO)

2) Corrects hypotension better than fluid alone2) Corrects hypotension better than fluid alone

3) Limits fluid overload

4) May improve tissue oxygenation

5) May improve outcome



The five arguments to initiate norepinephrine early

Delayed NE

Very Early NE



Am J Respir Crit Care Med 2019; 199: 1097-1105

Better shock control rate with early NE



Am J Respir Crit Care Med 2019; 199: 1097-1105

Early NE group: lower incidence of: 

- cardiogenic pulmonary edema

- new onset of cardiac arrhythmia- new onset of cardiac arrhythmia







Vasopressors should be started early Reasonable consensus

before completion of fluid resuscitation (70-80% experts agreed)



ConclusionConclusion

Fluid + NE combination

1) Increases the mean systemic pressure more than fluid alone (better CO)

2) Corrects hypotension better than fluid alone

3) Limits fluid overload

Valuable in shock with hypovolemic + vasodilatory components

… such as septic shock and hemorrhagic shock

3) Limits fluid overload

4) May improve tissue oxygenation

5) May improve outcome




