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Norepinephrine vs Dopamine in shock (SOAP investigators)
De Backer et al
NEJM 362: 779; 2010



Zampieri F et al
Crit Care 2024 Mortality Mortality

+ RRT



De Backer et al
CCM 40:725:2012

Dopamine vs norepinephrine in septic shock
A meta-analysis

Norepi
better



Vail E et al
JAMA 2017

Shifting from norepi to 
phenylephrine + dopamine was

associated with increased mortality



Vasopressin as an alternative?



VASOPRESSIN

•Nonapeptide hormone
synthetized in supraoptic
and paraventricular nuclei
of the hypothalamus

•Transported and stored
in the posterior pituitary

Holmes et al
Chest 120:989;2001



Vasopressin induces arterial and venous
constriction

Physiologic effects of vasopressin: Segarra et al
J Pharm Exp Ther
286: 1315; 1998Pressure regulation

DDB  USI



V1 receptor receptors are implicated in 
vasopressin induced vasoconstriction

Physiologic effects of vasopressin: Segarra et al
J Pharm Exp Ther
286: 1315; 1998

==> increasing dose of V1 antagonistctrl DDB  USI



V1 but not V2 receptor stimulation 
induces arterial and venous constriction

Physiologic effects of vasopressin: Segarra et al
J Pharm Exp Ther
286: 1315; 1998

DDB  USI



V1 receptor stimulation potentiates the 
pressor effects of alpha adrenergic agents

Physiologic effects of vasopressin:
Segarra et al
J Pharm Exp Ther
286: 1315; 1998

Vasopressin antag vasopressinctrl DDB  USI



Physiologic effects of vasopressin:

•V2 receptor
renal collecting duct (cAMP)
=> antidiuretic action
endothelium => dilation (NO)
platelets => aggregation

•V1 receptor => vasoconstriction
vascular smooth muscle
kidney, platelets, uterus

•V3 receptor
pituitary => ACTH release

•OTR receptor
uterus => vasoconstriction
endothelium => vasodilation (NO)

DDB  USI



VASOPRESSIN

Vasopressin deficiency in (septic) shock

DDB  USI

•Decreased stimulation of VP release
impaired autonomic reflexes
inhibition by atrial stretch receptor (volume loading, mech vent)

•Depletion of neurohypophysal stores
excessive stimulation (hypoxia, acidosis, hypotension)

only 20% VP pool can be released

•Inhibition of VP  release
high NO and norepinephrine levels inhibit VP release



Landry et al
Circ 95:1122;1997

VASOPRESSIN

Vasopressin deficiency in septic shock

DDB  USI



Vasopressin levels in septic shock Sharshar et al
CCM 31:1752;2003

DDB  USI
Septic shock n=18

VP levels decrease with time



Landry et al
Circ 95:1122;1997

VASOPRESSIN
Vasopressin deficiency in septic shock

DDB  USI

=> restoration of blood pressor by the administration of a small
dose of vasopressin (0.04 u/min) normalizing VP levels



Yerke J et al
Pharmacotherapy

2020



Bucher et al
AJP 282:R979;2002

DOWN REGULATION OF VASOPRESSIN RECEPTORS

DDB  USI=> decreased sensibility to vasopressin in sepsis



Bucher et al
AJP 282:R979;2002DOWN REGULATION OF VASOPRESSIN RECEPTORS

Related to cytokines, 
independently of NO

Rapid decrease
in V1 receptor

mRNA
transcription in 
various organs



Vasoconstriction

↑  intracellular calcium 
in vascular smooth muscle cells

G protein

V1
a1 AG II Ca++

Voltage gated
Ca++ channel

Depolarization
of membrane

Vascular smooth
muscle cell

Outer membrane

Differences arise due to receptor sensitivity and disposition in the 
vascular system, as well as stimulation of other receptors (beta/V2…)



Evans et al
ICM 2021
CCM 2021



VASST

802 septic shock pts

Russell et al
NEJM 358:877;2008



VASST Russell et al
NEJM 358:877;2008
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Gordon et al
JAMA 2016A double-blind randomised controlled

trial of vasopressin (up to 0.06 u/min) vs 
noradrenaline within 6h of onset of 

septic shock.

Norepi dose at randomization: 0.16 [0.10-0.31] mcg/kg.min



ICM 2019



ICM 2019



JAMA 2018

23 studies



Terlipressin

Bolus 0.5 – 1 mg /8-6h

Half-Life 6h

Infusion 20 – 160 µg/h
Morelli A Crit Care 2009
Liu Z et al ICM 2018

O’Brien A Singer M Lancet 2002 
Lange M et al ICM 2009



Liu Z et al
ICM 2018

N=617



?

Evans et al
ICM 2021
CCM 2021



Liu Z et al
ICM 2018

N=617



Liu Z et al
ICM 2018

Evans L et al
ICM 2021
CCM 2021 ICM 2019

Any difference between
vasopressin and terlipressin?



Vasopressin in specific situations ?



Look carefully for LVOT obstruction ! Chauvet JL et al
Crit Care 2015

218 pts septic shock
=> 47 pts with LVOT



Balik M et al
Cardiovasc Drug Ther
2020

10 septic shock pts with severe LVOTO
(among 527 pts with septic shock over 29 months)



Vasopressin and
splanchnic ischemia ?



12 septic shock patients
NE 0.56 µg/kg.min => AVP 0.47 u/min 

Klinzing et al
CCM 31:2646;2003
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VASOPRESSIN AND SPLANCHNIC PERFUSION



Van Haren et al
Chest 123:2256;2003
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Torgersen C et al
ICM 36:57;2010

The higher dose of VP increased more blood pressure but it was
associated with more adverse effects compared to the lower dose



Putting all together



Vasopressin in septic shock

Ø Norepinephrine as first line vasopressor agent. It is 
usually well tolerated and is associated with favorable 

hemodynamic effects. 

ØVasopressin derivatives are excellent adjunctive 
and in some cases alternative to norepinephrine

Ø Caution in hepatosplanchnic ischemia
ØBenefits in AKI and AF



b-bloquants?



2024



Floria M et al
Pharmaceutics 2024The different Beta-blockers

Differ by half-life and b1selectivity



Nasrollahi-Shirazi S et al
J Pharm Exp Ther 2016



Sasso J et al
Can J Anesth 2001

Bolus
Rabbits

Differences between 
selective b1 Beta-blockers

Heart Rate

Mean Arterial Pressure



Sasso J et al
J Anesthia 2001

Rabbits

Decreased contractility with esmolol but 
not with landiolol for similar heart rate 

control



Decreased contractility with esmolol for 
similar heart rate control

Shibata S et al
J Pharmacol Sci 2012

Action potential



Beta-blockers may have 
beneficial effects in sepsis



Ackland G et al
CCM 38:388; 2010

b1-adrenoceptor blockade in septic rats



Morelli et al
JAMA  2013

Beta-blockers in septic shock

RCT 154 patients septic shock



Kakihana et al
Lancet 2020

RCT 151 patients sepsis and septic shock



Some adverse signals were reported…..



Kakihana et al
Lancet 2020

RCT 151 patients sepsis and septic shock



Some signals for undesired effects…. Morelli et al
JAMA  2013



Morelli et al
ICM 2016

↓Ea 23% 
↓ MAP 6%
↑ SV 25%

=EF
↓ dP/dt 18%

↑ EDV ~25%??



Levy B et al
Crit Care 2021



• Despite exclusion of patients with low cardiac index, 
22/45 (50%) patients did not tolerate introduction of beta-blockers.

Morelli A et al
BJA 2020

Morelli et al
JAMA  2013



Levy B et al
Crit Care 2021



Despite some adverse signals, 
survival benefit might be observed !



Morelli et al
JAMA  2013Beta-blockers

RCT 154 patients septic shock



Survival benefit might be observed ??



Whitehouse T et al
JAMA 2023



Whitehouse T et al
JAMA 2023

RCT 126 patients septic shock



Whitehouse T et al
JAMA 2023

But patients were not evaluated for cardiac output or 
cardiac function prior to inclusion in the trial…



Rehberg-S
ICM 2024

RCT  186 pts in septic shock



N = 186

Primary outcome:
1. Achieving target HR 80-94 bpm each hour for 3 hours
2. Maintening this target for 3 more hours
3. No increase in vasopressor requirements within 24h

Rehberg-S
ICM 2024



Rehberg-S
ICM 2024

No difference in 
blood pressure 

but slower
decrease in 

vasopressors



N = 186

Secondary outcomes

Rehberg-S
ICM 2024
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Identification of the right patient

Ideally before administration
of beta-blockers

(Un)Expected side effects of beta blockers 
in sepsis: 

how to manage them?



Geri G et al
ICM 2019

ØLV systolic dysfunction 64(18%)

ØRV failure 81(23%)

ØStill hypovolemic 70(19%)

N= 360



Vieillard-Baron et al
AJRCCM 168:1270;2003Which patients for beta-blockers?

Patients with septic shock



Geri G et al
ICM 2019

ØWell resuscitated 61(17%)

ØLV systolic dysfunction 64(18%)

ØHyperkinetic 84(23%)

ØRV failure 81(23%)

ØStill hypovolemic 70(19%)
N= 360
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Patients with LVOT obstruction  may be excellent candidates !

Chauvet JL et al
Crit Care 2015

218 pts septic shock
=> 47 pts with LVOT



How to evaluate cardiac function with echo ?

LV systolic
Ø Ejection fraction
Ø S wave Mitral annulus
Ø dP/dT
Ø Strain rate

LV diastolic
Ø Mitral annulus E and A
Ø Strain rate

RV 
Ø Dimension
Ø Shape (D shape)
Ø IV septum
Ø Tricuspid annulus
Ø TAPSE
Ø S wave

Ø Strain rate



Du W et al
Chin Med J
129:1658; 2016

No obvious difference in clinical patterns 
between responders and non responders



Du W et al
Chin Med J
129:1658; 2016

0.911 ± 0.05
P<0.001

MAPSE lat
predicts the response of SV 

to esmolol

MAPSE lat 1.32

N=84



Do not forget other basic interventions before 
institution of Beta-blockers in sepsis

• Optimize fluid status
• Vasopressin derivatives instead of norepinephrine

(and avoid epinephrine!)
• Temperature control
• Pain management



Beta-blockers in sepsis:
• The initial potentially beneficial effects of beta-blockers in 
sepsis are far from confirmed.

•Even after excluding patients with low cardiac output,
up to 50% of the patients may fail to tolerate introduction of 
beta-blockers.

• Echocardiography may be particularly useful to identify 
patients who may / may not tolerate beta-blockers.

• If administered, the effects of Beta-blockers should be 
carefully evaluated, if possible in well conducted clinical trials.



Thank you


