
Catecholamines in septic shock

Prof.  JeanProf.  Jean--Louis TEBOULLouis TEBOULProf.  JeanProf.  Jean--Louis TEBOULLouis TEBOUL

Medical ICU
Bicetre hospital

University Paris South
France



Prof.  JeanProf.  Jean--Louis TEBOULLouis TEBOUL

Norepinephrine         Dobutamine

Prof.  JeanProf.  Jean--Louis TEBOULLouis TEBOUL

Medical ICU
Bicetre hospital

University Paris South
France



We recommend norepinephrine as the first-choice vasopressorWe recommend norepinephrine as the first-choice vasopressor

(strong recommendation, moderate quality of evidence)



Decreased mortality with norepinephrine



2- When to start?

1- Why?

Norepinephrine in septic shock

2- When to start?

3- Which target?

4- What to do in cases of 
refractory hypotension?



Hypotension

Why do we use vasopressors in septic shock?

1- Septic shock is characterized by a decreased vascular tone
(inducible NO synthase activation, etc)

Hypotension

Worsening of hypoperfusion



organ
blood
flow

Autoregulation of organ blood flowAutoregulation of organ blood flow

mean arterial pressure  

flow



22-- ProfoundProfound hypotensionhypotension worsensworsens organorgan hypoperfusionhypoperfusion

1- Septic shock is characterized by a decreased vascular tone
(inducible NO synthase activation, etc)

…… and represents an …… and represents an independent risk of deathindependent risk of death

Why do we use vasopressors in septic shock?
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2- Profound hypotension worsens organ hypoperfusion

1- Septic shock is characterized by a decreased vascular tone
(inducible NO synthase activation, etc)

…… and represents an independent risk of death

Why do we use vasopressors in septic shock?

3- Correction of hypotension with a vasopressor allows
improving organ perfusion
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2- When to start?

1- Why?

Norepinephrine in septic shock

2- When to start?

3- Which target?

4- What to do in cases of 
refractory hypotension?



The five arguments to initiate norepinephrine early

1- Duration and degree of hypotension associated with increased mortality

Arguments to initiate norepinephrine early
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The five arguments to initiate norepinephrine early1- Duration and degree of hypotension associated with increased mortality

Arguments to initiate norepinephrine early

2- NE increases cardiac output, when initiated early
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• NE increases cardiac preload

• NE increases CO in preload-dependent patients

Messages Messages of these two studiesof these two studies

… as fluidfluid infusion does

• 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?



In spite of an increase in venous resistance,
venous return increases with NE

through an increase in Mean Systemic Pressurethrough an increase in Mean Systemic Pressure
related to blood redistribution

from unstressed to stressed volume

This is fine
since unstressed volume is abnormally increased

during sepsis and further overfilled by fluid loading



The five arguments to initiate norepinephrine early

1- Duration and degree of hypotension associated with increased mortality

2- NE increases cardiac output, when initiated early

3- Early initiation of NE increases cardiac contractility

Arguments to initiate norepinephrine early in septic shock

3- Early initiation of NE increases cardiac contractility



Indices of global LV function

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

all the indices of cardiac systolic function improved with NE

Indices of global RV function

all the indices of cardiac systolic function improved with NE

suggesting an improved cardiac contractility



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)



The five arguments to initiate norepinephrine early

1- Duration and degree of hypotension associated with increased mortality

2- NE increases cardiac output, when initiated early

Arguments to initiate norepinephrine early

3- Early initiation of NE increases cardiac contractility

4- NE improves microcirculation, when initiated early

3- Early initiation of NE increases cardiac contractility



StO %
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The five arguments to initiate norepinephrine early

1- Duration and degree of hypotension associated with increased mortality

2- NE increases cardiac output, when initiated early

Arguments to initiate norepinephrine early

3- Early initiation of NE increases cardiac contractility

4- NE improves microcirculation, when initiated early

3- Early initiation of NE increases cardiac contractility

5- Early initiation of NE prevents harmful fluid overload



Positive cumulative fluid balance 

is an independent factor associated with mortality



When NE is initiated early:

• Less fluids are infused

• The total dose of NE during the first 24h is lower

• The duration of NE infusion is shorter (2.6 vs. 2.9 days)



The five arguments to initiate norepinephrine early

1- Duration and degree of hypotension associated with increased mortality

2- NE increases cardiac output, when initiated early

Arguments to initiate norepinephrine early

3- Early initiation of NE increases cardiac contractility

4- NE improves microcirculation, when initiated early

3- Early initiation of NE increases cardiac contractility

5- Early initiation of NE prevents harmful fluid overload

Does early initiation of NE improve outcome?



The later NE was initiated, the higher the mortality rate

Time to initial NE administration: independent predictor of mortality

…. the later, the worse



The primary outcome was shock control rate by 6 hours after diagnosis

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

The primary outcome was shock control rate by 6 hours after diagnosis

Shock control defined as:    

MAP ≥ 65 mmHg with: 
urine flow ≥ 0.5 mL/kg/hr for 2 consecutive hours

or decreased serum lactate ≥ 10% from baseline



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



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



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

Early NE group: lower incidence of: 

- cardiogenic pulmonary edema

- new onset of cardiac arrhythmia



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





Vasopressors should be started early Reasonable consensus

before completion of fluid resuscitation (70-80% experts agreed)
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DAP: reflection of vasomotor tone

a low DAP is mainly due to a depressed arterial tone

A way to identify the appropriate 

time to initiate NE is to look at the DAP



2- When to start?

1- Why?

Norepinephrine in septic shock 

2- When to start?

3- Which target?

4- What to do in cases of 
refractory hypotension?
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We recommend an initial target MAP of 65 mmHg in patients with septic shock
requiring vasopressors (strong recommendation, moderate quality of evidence)



Is it dangerous to target a MAP value 

up to “normal values” (around 85 mmHg)up to “normal values” (around 85 mmHg)

in septic shock?



8782 pts



65 mmHg 85 mmHg



20 pts 20 pts 
withwith septic shockseptic shock

Highly variable response among patients



We recommend an initial target MAP of 65 mmHg in patients with septic shock

requiring vasopressorsrequiring vasopressors
Strong recommendation, moderate quality of evidence

Probably higher target value if: 

• History of chronic hypertension
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65-70 mmHg 80-85 mmHg
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65-70 mmHg 80-85 mmHg

No difference in mortality (34% vs. 37%)

388388 ptspts 388388 ptspts

Benefits in terms of kidney function with a high MAP target

in patients with chronic hypertension



We recommend an initial target MAP of 65 mmHg in patients with septic shock

requiring vasopressors (strong recommendation, moderate quality of evidence)requiring vasopressors (strong recommendation, moderate quality of evidence)

Probably higher target value if: 

• History of chronic hypertension

• Increased CVP
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Mean perfusion pressure (MPP = MAP-CVP) but not MAPMean 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. 



Target blood pressure in circulatory shockTarget blood pressure in circulatory shock

• We recommend individualizing the target blood pressure during shock resuscitation. 
Recommendation Level 1: QoE moderate (B)

• We recommend to initially target a MAP of ≥ 65 mmHg. 
Recommendation: Level 1; QoE low (C)

• We suggest a higher MAP in septic patients with a history of hypertension. 
Recommendation: Level 2; QoE low (B)



2- When to start?

1- Why?

Norepinephrine in septic shock 

2- When to start?

3- Which target?

4- What to do in cases of 
refractory hypotension?



What to do in the case of 

refractory hypotension?

There is no consensual definition of 

refractory hypotension

For some experts (… but not all), it is defined

by inability of 1 µg/kg/min NE to reach 65 mmHg MAP



40% of patients who received NE at dose > 1 µg/kg/min

were discharged alive



• We recommend norepinephrine as the first-choice vasopressor
(strong recommendation, moderate quality of evidence).

• We suggest adding vasopressin (up to 0.03 U/min) to NE
(weak recommendation, moderate quality of evidence) 
with the intent to raising MAP to target or to decrease NE dosage



Adding vasopressin for the same MAP target

results in a lower dose of NE



Less atrial fibrillation when vasopressin is added

to NE compared to NE alone

But this result is driven by one study in post-surgery (Hajjar et al) 



No difference when only sepsis is taken into account

0.76 [0.55, 1.05]



Multicentre, double-blinded RCT including 617 ptsMulticentre, double-blinded RCT including 617 pts

 No difference in terms of incidence of AF between

• Terlipressin (2%) 

• NE (2%)



< 2 % of cases…!!









• We recommend norepinephrine as the first-choice vasopressor
(strong recommendation, moderate quality of evidence).

• We suggest adding vasopressin (up to 0.03 U/min) to NE
(weak recommendation, moderate quality of evidence) 
with the intent to raising MAP to target or to decrease NE dosage

• We suggest adding epinephrine to NE
(weak recommendation, low quality of evidence)
with the intent to raising MAP to target



219 pts with CS 
(2010-2012)

In multivariable logistic regression, only adrenaline

was independently associated with increased 90-day mortality

(OR 5.2, 95 % CI 1.88, 14.7,p = 0.002)
(2010-2012)

NE in 75% pts
Dopamine in 26% pts
Adrenaline in 21% pts

Dobutamine in 49% pts
Levosimendan in 24% pts



2017



Intensive Care Med 2018; 44:1130-2



Norepinephrine         DobutamineNorepinephrine         Dobutamine
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In non septic patients with congestive heart failure, 

dobutamine increases cardiac index 

in a “dose-effect” fashion



CritCrit Care Med  1993; 21:31Care Med  1993; 21:31--3939
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In non severe septic patients

dobutamine increases cardiac index 

in a “dose-effect” fashion

In septic shock patients

dobutamine does not increase cardiac index
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volunteers sepsis septic
shock

impairment of 
1-adrenergic receptor responsiveness

cAMP response to isoproterenol

CritCrit Care Med  1993; 21:31Care Med  1993; 21:31--3939

*

1

in sepsis, 
and even more in septic shock

* #

This results in a decreaseddecreased efficacyefficacy of 11--adrenergic agents adrenergic agents 

such as dobutaminedobutamine in patients with septicseptic shockshock



but

•• beneficial beneficial effects of dobutamine are unpredictableunpredictable

(potential decreased efficacy)



DobutamineDobutamine increased LVEF increased LVEF DobutamineDobutamine increased LVEF increased LVEF 

by more than 10%

only in 35%35% of pts



• detrimental effects may occur (arrhythmias, vasodilation, etc) 

• beneficial effects are unpredictable (potential decreased efficacy)

Dobutamine and septic myocardial dysfunctionDobutamine and septic myocardial dysfunction

- and low ScvO2 (< 65 -70 %) and/or high PCO2 gap 
despite fluid resuscitation and vasopressors

administration of dobutamine should be restricted to patients:

- and suspected or proven cardiac dysfunction (low LVEF)

- with persisting shock 
testtest the responseresponse to dobutamine dobutamine 

before any prolonged administration



Treatment of sepsisTreatment of sepsis--related cardiac dysfunctionrelated cardiac dysfunction

Alternatives toAlternatives to dobutamine?dobutamine?

Norepinephrine?





Treatment of sepsisTreatment of sepsis--related cardiac dysfunctionrelated cardiac dysfunction

Alternatives toAlternatives to dobutamine?dobutamine?

Norepinephrine?

Levosimendan?



TnTnAMP

cAMPcAMP

11 agonistagonist

CaCa2+2+ sensitizerssensitizers

Ca2+

11 receptorreceptor

cell membrane

PKa

+
Myosin-Actin 

bridges

Adenylate 
cyclase

Ca

cytosol

sarcoplasmic sarcoplasmic 
reticulumreticulum

Ca2+

PKa

+



SI

44

Stroke index

32

34

36

38

40

42

44

Baseline 24 hrs

m
l/

m
2

Levosimendan

Dobutamine

**



LVEFLVEF

27

32

37

42

47

52

Baseline 24 hrs

m
l/

m
2

Levosimendan

Dobutamine

*

LVEF

*



Is LevosimendanIs Levosimendan

the magic drug ?
Not sureNot sure





Alternatives to dobutamine?Alternatives to dobutamine?

Treatment of sepsisTreatment of sepsis--related cardiac dysfunctionrelated cardiac dysfunction

• Make sure that the patient is not still hypovolemic

→  assess fluid responsiveness

In any case, In any case, beforebefore giving inotropesgiving inotropes

using dynamic indices of preload responsiveness

• Make sure that hypotension is corrected

→  assess fluid responsiveness



Thank youThank you
شكراشكرا

Thank youThank you
MerciMerci


