
AER 2019

25ème AER : 19 & 20 novembre 2020



Pr Xavier MONNET

Service de médecine intensive-réanimation

Hôpital de Bicêtre

xavier.monnet@aphp.fr

Que retenir de 2019…

… en hémodynamique ?



Pulsion Medical Systems

(Membre du medical advisory board)

Cheetah Medical

(Consultant)

Conflits 
d’intérêt



Fluid
Vasopressor

Inotrope

Fluids

Lactate

Fluid responsiveness

Inotropes

Vasopressors

HD targets

Monitoring

Prognosis

Tissue 
oxygenation

Microcirculation

Fluid overload

Heart-lung
interactions



Fluid
Vasopressor

Inotrope

Fluids

Lactate

Fluid responsiveness

Inotropes

Vasopressors

HD targets

Monitoring

Prognosis
Tissue 

oxygenation

Microcirculation

Fluid overload

Heart-lung
interactions

What’s new in 2019 ?



Fluid

Inotrope

Epinephrine

Norepinephrine

Dopamine

Phenylephrine

Angiotensin II

Terlipressin

Vasopressin

Vasopressor

Selepressin

More selective of V1 receptors

What’s new in 2019 ? Vasopressors Selepressin
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46 sheep
Selepressin vs. Arginin-vasopressin vs. 
Norepinephrine

Better haemodynamic 
improvement

Human studies ?

Better survival

What’s new in 2019 ? Vasopressors Selepressin

?



53 pts with early septic shock

3 doses of selepressin

NE in addition if needed

Which vasopressor ? Selepressin ?

↘ requirement
of NE

↘ fluid balance

↗ % of patients with
maintained MAP



2b/3 RCT

868 pts with septic shock

1.7, 2.5 or 3.5 ng/kg/min vs. placebo

What’s new in 2019 ? Vasopressors Selepressin
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40 septic shock patients
With/without hypertension
↗ NE to reach MAP 85-90 mmHg

What’s new in 2019 ? Vasopressors Microcirculatory effects



40 septic shock patients
With/without hypertension
↗ NE to reach MAP 85-90 mmHg

What’s new in 2019 ? Vasopressors Microcirculatory effects



20 pts with septic shock
↗ dose of NE for reaching MAP of 65 to 95 mmHg
sublingual microcirculation (SDF)

Effects of NE 
heterogeneous

What’s new in 2019 ? Vasopressors Microcirculatory effects



13 pts with septic shock
↗ dose of NE for reaching MAP of 65 to 85 mmHg
sublingual microcirculation (SDF) and NIRS

NE ↗ recovery
slope

NE ↗ microvascular
density

No clear detrimental effect of NE 
on the microcirculation

!

What’s new in 2019 ? Vasopressors Microcirculatory effects
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424 patients with septic shock

Peripheral perfusion vs. lactate level–targeted resuscitation

Therapeutic targetsWhat’s new in 2019 ?



424 patients with septic shock

Peripheral perfusion vs. lactate level–targeted resuscitation

Therapeutic targetsWhat’s new in 2019 ?



424 patients with septic shock

Peripheral perfusion vs. lactate level–targeted resuscitation

Therapeutic targetsWhat’s new in 2019 ?



424 patients with septic shock

Peripheral perfusion vs. lactate level–targeted resuscitation

Therapeutic targetsWhat’s new in 2019 ?



Fluid
Vasopressor

Inotrope

Fluids

Lactate

Fluid responsiveness

Inotropes

Vasopressors

Therapeutic
targets

Monitoring

Prognosis
Tissue 

oxygenation

Microcirculation

Fluid overload

Heart-lung
interactions

What’s new in 2019 ?



259 patients with
sepsis/septic shock

Mortality increases 
with the mottling score

Therapeutic targetsWhat’s new in 2019 ? Skin mottling
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259 patients with
sepsis/septic shock

Mottling in 50% of 
patients only 

Therapeutic targetsWhat’s new in 2019 ? Skin mottling



91 patients with
septic shock

No correlation btw mottling and 
markers of endothelial activation

No correlation btw mottling 
and skin perfusion indices

Therapeutic targetsWhat’s new in 2019 ? Skin mottling
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yes

no

Should I 
give fluid?

?
Obvious fluid loss?
First 60-90’of sepsis?

?
Fluid !

Is CO too
low ?

?

?

+ Fluid !

No fluid !-

ΔIVC/SVC

PPV, SVV…

Passive leg raising test

EEO/EIO tests

Fluid challenge

Mini-fluid challenge

Recruitment manoeuvers

What’s new in 2019 ? Fluid responsiveness



EV 1000PiCCO
Pulsioflex

Vigileo
LidCO rapid

Changes in pulse 
contour-derived CO

Oeso Doppler

Changes in aortic
blood flow

Echo

Changes
in VTI

Capnography

Changes 
in EtCO2

Changes 
in flow

Vascular Doppler

Starling SV

Changes in 
CO

Plethysmography

Changes in 
perfusion index
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Non-pulsatile portion

Pulsatile portion

Non-pulsatile portion

Pulsatile portion

What’s new in 2019 ? Passive leg raising testFluid responsiveness



Perfusion index (PI)

Non-pulsatile portion

Pulsatile portion

Non-pulsatile portion

Pulsatile portion
=

2 determinants

Vasomotor tone

Stroke volume

Automatically measured by

Radical 7® (Masimo®)

What’s new in 2019 ? Passive leg raising testFluid responsiveness
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72 ICU patients

Monitoring of PI (Radical7, Masimo®)

What’s new in 2019 ? Passive leg raising testFluid responsiveness



100- specificity

0

20

40

60

80

100

0 20 40 60 80 100

Se
ns

iti
vi

ty
Ability of PI changes to 

detect a positive PLR test
↗ in PI during PLR 

≥ 9%

3 excluded because no signal

3 excluded because unstable signal

72 ICU patients

Monitoring of PI (Radical7, Masimo®) !

Se = 100%
Sp = 76%

What’s new in 2019 ? Passive leg raising testFluid responsiveness



EV 1000PiCCO
Pulsioflex

Vigileo
LidCO rapid

Changes in pulse 
contour-derived CO

Oeso Doppler

Changes in aortic
blood flow

Echo
Changes
in VTI

Capnography
Changes 
in EtCO2

Changes 
in flow

Vascular Doppler
Starling SV

Changes in 
CO

Plethysmography

Changes in 
perfusion index

Clinical
examination

Changes in capillary
refill time
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34 patients with circulatory failure
CRT, PLR and volume expansion

↘ CRT ≥27% 
during PLR

Se = 87%
Sp = 100%

LSC of 4 CRT 
assessments = 25%

What’s new in 2019 ? Passive leg raising testFluid responsiveness
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Fluid responders

0

5

10

15

20

25

30

35

40

45Changes in
cardiac index 
(%)

* 
30 patients with IAP > 12 mmHg
30 patients without IAH

IAHNo IAH
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Less ↗ in CI in case of IAH
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30 patients with IAP > 12 mmHg
30 patients without IAH

15/20N=30

Fluid responders Fluid non-responders

PLR+ PLR- PLR+ PLR-

N=9N=21

N=6 N=15 N=1 N=8

TRUE + FALSE- FALSE+ TRUE -

IAH+

15/20N=30

Fluid responders Fluid non-responders

PLR+ PLR- PLR+ PLR-

N=15N=15

N=14 N=1 N=0 N=15

TRUE + FALSE- FALSE+ TRUE -

IAH-

Some false negatives

What’s new in 2019 ? Passive leg raising testFluid responsiveness
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40 ICU patients
4 successive sigh maneuvers

Slope of SAP decrease
<4.4° from baseline

Se=100 (79-100)%
Sp=86 (79-100)%

SA
P 

(m
m

H
g)

Baseline

Sigh
25 cmH2O

Sigh
15 cmH2O

Sigh
35 cmH2O

!
Opportunities for 
automatisation 

What’s new in 2019 ? Fluid responsiveness Recruitment manoeuvers



RM ↘ stroke volume less
in non-responders

RM ↘↘ stroke volume 
more in responders

28 patients during anaesthesia
RM with 30 cmH2O for 30s
ProAQT to detect changes in SV

What’s new in 2019 ? Fluid responsiveness Recruitment manoeuvers



What’s new in 2019 ? Fluid responsiveness

32 patients after cardiac surgery
↗ PEEP from 5 to 20 cmH2O for 2 min

↘ MAP ≥5% 
during PEEP test

?
Better with changes 
in cardiac output ?



143 patients with septic shock
FR = ↗VTI ≥15% with fluid

What’s new in 2019 ? Fluid responsiveness Pharamcodynamics of fluids ?



143 patients with septic shock
FR = ↗VTI ≥15% with fluid

50% of  responders are no 
longer responders 20min later

What’s new in 2019 ? Fluid responsiveness Pharamcodynamics of fluids ?



21 patients with shock (14 = septic )
FR = ↗CI  ≥15% with fluid (PA catheter)

CI ↘ to baseline 60 
min after fluid infusion

What’s new in 2019 ? Fluid responsiveness Pharamcodynamics of fluids ?
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Does the infusion rate affect the haemodynamic effect of a fluid bolus in patients with 
septic shock? A pharmacodynamic study
Arthur PAVOT, Francesco GAVELLI, Jean-Louis TEBOUL, Christopher LAI, Imane ADDA, Xavier MONNET In preparation

20 patients with shock

Pmsf with respiratory manoeuvers

Different speeds of fluid bolus

Fluid bolus effect on Pmsf
dissipated after 60’

What’s new in 2019 ? Fluid responsiveness Pharamcodynamics of fluids ?
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20 volume expansions
20 ↗and 20 ↘ in 
norepinephrine
Flotrac/Vigileo3 vs. TPTD

At 1 min:
Least significant change = 0.7%

PCA-derived CI is very precise !!
Perfect for tests of fluid responsiveness!

What’s new in 2019 ? Monitoring Precision of CO monitoring techniques



Least significant change
of VTI measurements

100 stable patients
16% in 1F, 54% under MV
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15%
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Echo hardly detects
changes in VTI ≤10%
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100 stable patients
16% in 1F, 54% under MV
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