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DEFINITION @

EUROFPEAN
SOCIETY OF
CARDIOLOGY ®

Pression artérielle systolique < 90 mmHg pendant plus de 30 min
Vasopresseur pour pour obtenir une pression artérielle systolique 2 90 mmHg
Index cardiaque <I,8 I/min/m? ou I'utilisation de vasopresseur/inotropes
Une augmentation des pressions de remplissage ventriculaire gauche
Altération de la perfusion tissulaire:

Trouble de conscience

Oligurie

Extrémités froides

Augmentation du lactate

Thiele H et al. European Heart Journal 2015



CONFIRMATION PARACLINIQUE

Par cathérisme de Swan-Ganz historiquement
Index cardiaque
Pression artérielle pulmonaire d’occlusion

Résistances vasculaires systémiques et pulmonaires

Par thermodilution transpulmonaire

Par echocardiographie

GabrieleV et al. ) Am Soc Echocardiogr 2014;27:683.e1-683.e33.



CONSTELLATION D’ETIOLOGIES

Syndrome

coronarien aigu et
ses complications

——r Rejet de greffe
Intoxications

Choc cardiogénique

Valvulopathies

Cardiopathie de stress

Post cardiotomie myocardite

Aucune donnée épidémiologique de qualité...




ETIOLOGIES AU SEIN DU SCA

Insuffisance
Mitrale
8%
Communication
inter-

ventriculaire
4%

Rupture de
paroi
2%

Dysfonction
ventriculaire

86%

Hochman JS et al. ] Am Coll Cardiol 2000;36:1063—-70



ORIGINAL ARTICLE

PCI Strategies in Patients with Acute
Myocardial Infarction and Cardiogenic Shock

B Death from Any Cause

90 Relative risk, 0.84 (85% CI, 0.72—0.98)
20 P=0.03

Multivessel PCI

40- I_|_|—|_' . Culprit-lesion-only PCI

Patients Who Died from
Any Cause (%)
&
|

10
0 | | | | | |
0 5 10 15 20 25 30
Days since Randomization
Mo. at Risk
Multivessel PCI 341 229 197 179 170 166 165

Culprit-lesion-only PCI 344 237 226 211 203 198 193




REVASCULARISATION
CORONAROGRAPHIQUE

TABLE 4. MORTALITY AMONG STUDY PATIENTS.*

OUTCOME AND MEebDIcAL DIFFERENCE BETWEEN ReLATIVE Risk P
SUBGROUP REVASCULARIZATION THERAPY GRrours (95% CI) (95% CI) VALUE
percent (number in subgroup) percent

30-day mortality

Total 46.7 (152) 56.0 (150) -9.3 (—20.5t0 1.9) 0.83 (0.67 t0 1.04)  0.11
Age <75 yr 41.4 (128) 56.8 (118) —-154 (—27.8 to —3.0)  0.73 (0.56 to 0.95) 0.01%
VI 75,0 (24) 53.1 (32) +21.9 (—2.6 to 46.4) 1,41 (095 t02.11) )
6-mo mortality}
Total 50.3 (151) 63.1 (149) —-12.8 (—23.2to —0.9) 0.80 (0.65 to 0.98)  0.027
Age <75 yr 449 (127) 65.0 (117) -20.1 (-=31.6to —=7.1)  0.70 (0.56 to 0.89) 0.0031
Age =75 yr 79.2 (24) 56.3 (32) +22.9 (0.7 to 46.6) 1.41 (0.97 to 2.03) ’

Hochman JS et al. N Engl ] Med 1999;341:625-34



liidiths 3, Plisclimaii, Y1

Early Revascularization and Long-term i

4 A A | Survival in Cardiogenic Shock Complicating v

Acute Myocardial Infarction

JAMA, June 7, 2006—Vol 295, No. 21

All Patients Hospital Survivers
1.0
0.8 Log-Rank P=.03
@ ™~ Early Revascularization
=
T 06 B |
i Early Revascularization
[
2 047 Iritial Medical Stabilzation
E
2 p2q _ - _ |
Initial Madical Stabiization Log-Rank £ =03
0+ ! | ,
0 2 4 & 8 10 0 P ! & A 10
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Mo, at Hisk
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ORIGINAL ARTICLE

A Composite Primary End Point

PCI Strategies in Patients with Acute
Myocardial Infarction and Cardiogenic Shock

H. Thiele, I. Akin, M. Sandri, G. Fuernau, 5. de Waha, R. Meyer-Saraej,

P. Nordbeck, T. Geisler, U. Landmesser, C. Skurk, A. Fach, H. Lapp, |.J. Piek,
M. Noc, T. Goslar, 5.B. Felix, L.5. Maier, ). Stepinska, K. Cldroyd, P. Serpytis,
. Montalescot, O. Barthelemny, K. Huber, 5. Windecker, 5. Savonitto,

P. Torremante, C. Vrints, 5. Schneider, 5. Desch, and U. Zeymar,
for the CULPRIT-SHOCK Investigators®
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< 2 hours

STEMI or high-risk ECG signs or symptoms suggesting AMI, < 3 hours
& hemodynamic instability or resuscitated cardiac arrest

PCl should ideally be performed < 120 min:
alert & transfer to cardiac shock center for primary PCI

* During the transport, start:
e aspirin orally or iv
* consider potent P2Y, inhibitor (prasugrel or
ticagrelor), or clopidogrel if contraindicated, orally
* Anticoagulation iv
* If hemodynamic instability: volume loading < 250 ml &

norepinephrine on peripheral line
* IfSp0O, < 90%: O, therapy

cardiac shock center

Figure 1: pre-hospital management



BACKTO THE ICU

Arterial line
Central venous line with SVO, measurements

Echocardiography

PAC : especially in case of high dose vasopressor and right ventricular dysfunction

Lactate kinetic

Impact of shock on organ function : liver, kidney
Troponin, BNP



|
DIAGRAMME DE PRISE EN @

CHARGE: SOINS DE SUPPORT

SOCIETY OF
Cardiogenic shock complicating infarction

CARDIOLOGY®

Invasive Angiography (IB)
Echocardiography (IC) or Levocardiography
Myocardial dysfunction Mechanical complication

Revascularization (IB)

Inotropes/Vasopressors (l1a/C + lIb/B)
Fluids
Ventilation

Thiele H et al. European Heart Journal 2015




VENTILATION MECANIQUE

BM)

Amount of
Definition of LV PEEP (cm
Study n  Description of study Patient groupings dysfunction H,0) Cardiopulmonary changes with PEEP
Grace and Greenbaum>® 21  Medical ICU:; titration of PEEP to Divided by PCWP (<12, 14~  AMI, CS or CHF requiring 0-8 CO increase in 12/13 of patients with
maximal CO 18,=19) MV PCWP =19
Mathru et al > 290  Swurgical ICU, post CABG; MV by Divided by EF and LVEDP EF <60% (mean 34%) and 5 Improvement in RAP, PCWP, CI, 51
CMV, IMV or IMV +PEEP LVEDP =16 Torr (mean 19)
Dongelmans, 198610 121 Surgical ICU, post CABG; MV with High (10) versus Low (5) None provided 5-10 Improved lung compliance, PaO, and
high versus low PEEP PEEP decreased need for supplemental O; on
discharge, but longer duration of MV
Malbouisson ef al >° 10 Surgical ICU, post CABG; recruitment - Requirement of inotropic Up to 40 Improved PaO,/FI1O,, reduced
manoeuvres with high PEEP support for CS (CI <2.5) intrapulmonary shunting, no decrease in
MAP or CI
Kontoyannis et al 2® 28 Medical ICU; patients with myocardial IABP alone versus IABP Systolic blood pressure <80 10 Improved ability to wean mechanical

infarction complicated by CS requiring
IABP

plus elective MV+PEEP

mm Hg
damage

with end organ

support (90% vs 56%), PCWP, CI, UO and
discharge survival (80% vs 28%)

Wiesen | et al. Heart. 2013;99:1812-1817




CARDIOGENIC SHOCK (Cs)

Causes of CS Organ dysfunction Immediate actions

ECG —> ACS?

> Cathlab
+/- troponin
Echo: mechanical > Operating room
complications
Clinical signs
Blood gas | —>» ( Respiratory distress )—> Non-invasive or
Lung echo invasive ventilation
X-ray

Hemodynamic optimization
Oliguria | 5 R —
GSI::LL] Acute kidney injury > Avoid nephrotoxic drugs
Consider RRT

Invasive BP and CO/
SvO; measures

Hypoperfusion
high lactate

Inotropes first line
+/- vasopressors if required

/ \

if STABLE if UNSTABLE, consider
plan weaning inotropes immediately

+/- vasopressors LVAD / ECMO

Mebazaa et al. Intensive Care Medicine 2016



Contemporary Management of
Cardiogenic Shock

A Scientific statement From the American Heart Association

Volume Status

Wet Dry

- Classic Cardiogenic Shock Euvolemic Cardiogenic Shock
=
5 Cold (4-Cl; TSVRI; TPCWP) (L Cl; “TSVRI; <>PCWP)
Rl
g Vasodilatory Cardiogenic Shock Vasodilatory Shock
= or (Mot Cardiogenic Shock)
Al Warm Mixed Shock
T
(=

(-l-Cl; L /<>SVRI; ‘T~PCWP) (T CI; -L-SVRI; - PCWP)

Chmoadion. 201713600000 DO 10771 61.MC R DN MMM 25




Contemporary Management of

Cardiogenic Shock

A Scientific statement From the American Heart Association

Table 1.

Pragmatic and Clinical Trial Definitions of CS

Clinical Definition

SHOCK Trial®*

IABP-SHOCK 11"t

ESC HF Guidelines

Cardiac disorder that
results in both clinical
and biocchemical
evidence of tissue
hypoperfusion

Clinical criteria:

5BP =90 mmHg for =220 min OR
Support to maintain SBP =290 mmHg
AND

End-organ hypoperfusion (urine output
<30 mL%Y or cool extremities)
Hemodynamic criteria:

Clof =2.2 L-min~—"-m—2 AND

PCWPF =15 mmHg

Clinmical criteria:

5BP <90 mm Hg for 230 min OR
Catecholamines to maintain SBF =90 mmHg
AMDy

Clinical pulmonary congestion

ANy

Impaired end-organ perfusion {alterad
mental status, cold/dammy skin and
extremities, urine output <20 mbUh, or
lactate =2.0 mmol/L)

S5BP =90 mm Hg with adeguate volume
and clinical or laboratory signs of
hypoperfusion

Clinical hypoperfusion:
Cold extremities, oliguria, mental
confusion, dizziness, narrow pulse pressure

Laboratory hypoperfusion:

Metabolic acidosis, elevated serum lactate,
elevated serum creatinine

Chmoadion. 201713600000 DO 10771 651G R NN NI 25




Current ESC STEMI-guideline (2017)

Recommendations for the management of cardio-
genic shock in ST-elevation myocardial infarction

Inotropic/vasopressor agents may be con-

sidered for haemodynamic stabilization.

Short-term mechanical support™ may be

considered in patients in refractory shock. Data deriwed from a single randemized
avidencs B :Itll-lr:lt:ll-h-lil or barge mon-randomized

Routine intra-aortic balloon pumping is not

indicated.”” "7 E




Acute myocardial infarction

...--...o..o.---.no
.....--.
cao®”
.."
-

Cardiac Output 4
Stroke volume «

‘(" Peripheral perfusion ) ¢

Bleeding/ il
Transfusion NSRRI
: NOT ™SNGi Vasoconstriction
Peroxynitrite T } @ = Fluid retention e

Interleukins T
TNF-a T

SVR L
Pro-Inflammmation
Catecholamine sensitivity <
Contractility




VASOPRESSOR USE




POTENTIAL PROBLEMS WITH
VASOPRESSOR

Excessive increase in afterload

Further decrease in flow

Excessive increase in peripheral resistances

Further decrease in perfusion pressure at the organ level

Risk of ischemia exacerbation

Excessive tachycardia

Increase in MVO,

Decrease in diastolic time

Cellular increase in calcium

Arrhythmias




THE QUESTIONS?

Which vasopressore

Alone or in combination with inotropes?
Mean arterial pressure level?

Cardiac index/SVO, levele

Monitoring?

Timing and indication : vasopressor versus
ECMOz?




ESTARLLSMED: (3 IEL3 MARCH <, 2010

TOL. J&ET WO,

Comparison of Dopamine and Norepinephrine
in the Treatment of Shock

Craniel De Backer, M_D, Ph.D, Patrick Biston, M. D, Jacques Devriendt, M. D, Christian Madl, M. D,
Didier Chochrad, B4 0., Cesar Aldecoa, M.D., Alexamdre Brasseur, W_D., Pierre Defrance, MO,

Philippe Gottignies, BA.D., and |Jean-Lowis Yincemt, M_C., Ph.D

Type of shock
Hypovolemic
Cardiogenic
Septic

All patients

Hazard Ratio (95%: CI)

L
L
—-__
——
[ |
0.5 1.0 1.5
—ag -
MNorepinephrine Dopamine
Better Better

Figure 3. Forest Plot for Predefined Subgroup Analysis
According to Type of Shock.

A total of 1044 patients were in septic shock (542 in
the dopamine group and 502 in the norepinephrine
group), 280 were in cardiogenic shock (135 in the do-
pamine group and 145 in the norepinephrine group),
and 263 were in hypovolemic shock (138 in the dopa-

mine group and 125 in the norepinephrine group). The
P value for interaction was 0.87.

.. for the SOAP | Investigators™

Eventuelle utilisation chez les patients bradycardes



STUDY COMPARING THE EFFICACY AND TOLERABILITY OF EPINEPHRINE
AND NOREPINEPHRINE IN CARDIOGENIC SHOCK
(OPTIMACC) NCT01367743

Prospective, double blind, randomized, mulficenter study

Cardiogenic shock due to myocardial infarction treated by angioplasty
and needing a vasopressor support

Epinephrine or norepinephrine fitrated o MAP : 70 mmHg

Monitoring with a Swan-Ganz catheter.

57 patients




STUDY COMPARING THE EFFICACY AND TOLERABILITY OF EPINEPHRINE AND
NOREPINEPHRINE IN CARDIOGENIC SHOCK
(OPTIMACC) NCT01367743

B LEVY ET AL, JACC IN PRESS

More refractory cardiogenic shock in the epinephrine group.

39% in the epinephrine group versus 7 % in the Nor group (p= 0.008)
Epinephrine use was associated with a tfrend of an increased risk of death (p=0.08) and an
increased risk of death plus ECMO (p=0.031) at 7 days. There was a trend of an increased risk of
death plus ECMO at J28 (p= 0.064)

Death or ECLS implementation within 7 days

100 \—I—I—‘| I
T | I

o)
s]

0]
8]

N
o]

Survival probahilty (%)

N
0
>
()
g
0
3
g
3
0

Log-rank: p=0.031

(] T T T T T

o 1 2 3 4 5 (=] 7
Follow-u days

umber of patients at risk P ( ys)

27 27 24 21 20 18 18 18

30 30 30 29 238 238 27 26

|12




No differences in vasopressor and dobutamine use
Higher heart rate in the epinephrine group with a similar cardiac index and similar stroke volume.
Epinephrine induced lactic acidosis

Classical approach

Classical approach

8
]
80
]
*

o~ = Adrenaline
= MNoradrenaline

s

§10, (4
10

Arterial lactate (mmolll)
i
]

'l[L I

60
|

= Adrenaline
p=0.21 = MNoradrenaline
T T T T T T T T T T T T T
HO Hz=2 HS H12 Hz24 Has H72 HO HZ=2 H4 H& H12 H=24 H48 H72

Time Time

Refractory shock was associated with a higher cardiac index in the epinephrine group
likely due to beta-2 adrenergic receptors stimulation evoking a cardiac over-stimulation



L’!J Creasbdark:

Experts’ recommendations for the
management of adult patients with

cardiogenic shock

Bruna Levy” . Olivier Bastien”. Karimn Bendjelid®, Alain Cariou®, Tahar Chouihed®, Alain Combes”, Alesande Mebazaa®,
Bruna Megarbane® Patrick Plaisance®, Alesandre Ouattara™, Christian Spaulding”’, Jean-Louis Teboul &=,
Fabrice Wanhuyse"* Thierry Boulain™ and Kaldoun Kuteifan™

A MAP of at least 65 mmHg is recommended
Norepinephrine should be used to restore perfusion pressure (strong agreement).

Epinephrine can be a therapeutic alternatjve but is associated with a greater risk of
arrhythmia, tachycardia and lactic acidosis




INOTROPE USE




INTRACELLULAR ACTIONS OF
BETAI-AGONIST

| .Bnnglmfﬂ |

Cell b raes

(B rocepior Dobutamine

-+

Ca® chanmel
activatiomn

T cytosolic Ca® T phosphory lated

Short-half life

T GsGTP
4

¢ Beta-| and beta-2 (3/1)

Mild vasodilation

T cAMP —
cAM P-dependent Increase MVO,
motein kniase

Tolerance (receptor internalization)

]:-hl:-r.':]:-h:ilm'n'bm
-+

AT I S - L e T augrmenied Ca®
Imteractiom uptake by SKE

™

PFOSITIVE

POSITIVE
CHROMNOTROPY INOTROPY VASODILATION




SHOUCK , Vol 41, No 4, pp. 260274, 2014

INCREASING MEAN ARTERIAL PRESSURE IN CARDIOGENIC SHOCK
SECONDARY TO MYOCARDIAL INFARCTION: EFFECTS ON
HEMODYNAMICS AND TISSUE OXYGENATION

Pierre Perez,” Antoing Kimmoun,*™# Vincent Blime,” and Bruno Lewvy* ™
CHU Mancy, Sendce de Rdanimation AMdédicale Brabois, Fole Cardiovascoulaire st Rdganimation AdSdicais,
Hapital Braboiz; and TINSERM, Groupe Choc, UT 116, Faculté de Medecineg, Vandosuvre-les-MNancy:
and *Universie de Lomame, Mancy, France



INCREASING MEAN ARTERIAL PRESSURE IN CARDIOGENIC SHOCK
SECONDARY TO MYOCARDIAL INFARCTION: EFFECTS ON
HEMODYNAMICS AND TISSUE OXYGENATION

Pierre Perez,* Antoine Kimmoun.*™ Vincent Blime.,* and Bruno ng*ﬂ

MAE

baNmmiag

rlzaer pearz (gog)) 102 +/- 8 105 +/- 7 p>0,05

cr () win/iy?) 23+/-04 28+/-03 p<0,05

p<0,01

CPT
(yeerr/u?)

0,38 +/- 0,03 0,58 +/- 0,04

S\VON) 73 +/- 2 79 +/- 2 p< 0,05




INTRACELLULAR ACTIONS OF
PHOSPHODIESTERASE INHIBITOR

[ B agonist | Milrinone
l i
o Long-half life
P
B receptor.)
<ol membmoc Inodilatator
TE’"‘”FTiP /| Dobutamine :
adenyl cyve lass . -
C:_— —::) Less increases in heart rate
ATP o
More vasodilation
‘T -:amr _ _
Less increase in MVO,
Phosphodiesterase . PDE3
Inhibitors No tolerance

Efficient in beta-blocking patients

Thrombocytopenia



Conventional Hemodynamic Resuscitation May Fail to
Optimize Tissue Perfusion: An Observational Study on
the Effects of Dobutamine, Enoximone, and
Norepinephrine in Patients with Acute Myocardial
Infarction Complicated by Cardiogenic Shock

Corstiaan A. den Uil"", Wim K. Lagrand®, Martin van der Ent®, Koen Mieman', Ard Struijs’,
Lucia 5. . Jewbali’, Alina A. Constantinescu', Peter E. Spronk®, Maarten L Simoons’
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LEVOSIMENDAN

VASODILATION

g
il

Smooth muscle

ATP-sensitive
Troponin C LEVOSIMENDAN K'-channel

sensitization (and its active metabolite) activation

Mitochondrial
ATP-sensitive

K'-channel
activation

Effective very long half-life

No tolerance

Specific action on right ventricule
Inodilator

Neutral impact on left ventricular
efficiency and MVO,

Improved myocardial efficiency.




Chinical Investigations
Crit Care Wed 2002 Vo, 36, Ko 8

Levosimendan is superior to enoximone in refractory cardiogenic
shock complicating acute myvocardial infarction™®

Joarg T. Fubirmann, MD; Alacander Schmaisser, MD; Matthias R, Schulza, MD; Carsten 'Wondarlich, MD:
‘Staffen P. Schoen, MD; Thomas Rawwolf, PhD; Christof Weinbranner, MD; Futh H. Strasser, MD

Acure Cardiac Care. 2008; 10: 49-57 informa

healthcare

ORIGINAL ARTICLE

Early and sustained haemodynamic improvement with levosimendan
compared to intraaortic balloon counterpulsation (IABPP) in
cardiogenic shock complicating acute myocardial infarction

ARND CHRISTOPH*, ROLAND PRONDZINSKY*, MARTIN RUSS, MATTHIAS JANUSCH,

AXEL SCHLITT, HENNING LEMM, SEBASTIAN REITH, KARL WERDAN &
MTCHAFRT. RTTERKFE

Vascular Health and Risk Management Dovepress

open acoess to acientific and medical research

a Cipen Access Full Texs Article

ORIGINAL RESEARCH

Levosimendan neither improves nor worsens
mortality in patients with cardiogenic shock due

- - - - Elmir Omerovic
to ST-elevation myocardial infarction T rimundda
Mikael Holmberg
Per Hallgren
Jan Boren
Lars Grip

Goran Mate "ka

Same patients in the 3 publications below

The
European Journal
of

Heart Failure

European Joumal of Heart Failure 8 (2006) 723 — 728 _—
www e ke vier comlocat icjhearn

Cardiogenic shock after primary percutaneous coronary intervention:
Effects of levosimendan compared with dobutamine on haemodynamics

Martin J. Garcia-Gonzalez **, Alberto Dominguez-Rodriguez ®, Julio J. Ferrer-Hita ®,
Pedro Abreu-Gonzilez ®, Miguel Bethencourt Murioz *

dnrernational Journal of

Cardiclogy

Intermational Jowmal of Cardiology 128 (2008) 214—217 ——————
www: clsevier.com/locate/jjcard

Effects of levosimendan versus dobutamine on left ventricular diastolic
function in patients with cardiogenic shock after primary angioplasty

Alberto Dominguez-Rodriguez **, Sima Samimi-Fard *,
Martin J. Garcia-Gonzalez *, Pedro Abreu-Gonzalez ”

Inwernational Joursmal of

Cardiology

ELSEVIER Intermational Joumal of Candiclogy 127 (2008) 284 —287 1
www: elsevier.com, locate/ijcand

Letter to the Editor
Effects of levosimendan versus dobutamine on long-term survival of
patients with cardiogenic shock after primary coronary angioplasty

Sima Samimi-Fard *, Martin J. Garcia-Gonzdalez *™,
Alberto Dominguez-Rodriguez®, Pedro Abreu-Gonzilez ®



Conclusions First Part

In cardiogenic shock complicating AMI, adding levosimendan
to standard therapy

Improves haemodynamics

Seems to be safe

The current studies are too small to draw conclusions

about effects on the incidence of refractory shock, ECMO
implantation and survival



WHEN AND HOW TO USE LEVOSIMENDAN IN
CARDIOGENIC SHOCK

Dobutamine remains the first choice

Levo as a first choice in patients previously treated with beta-blockers
?

In cases of failure/insufficient efficacy of dobutamine
Stable arterial pressure or low doses of norepinephrine
No hypovolemia, no sepsis

No loading doses



WHEN AND HOW TO USE LEVOSIMENDAN IN
CARDIOGENIC SHOCK

During ECMO therapy

To increase ECMO withdrawal
To decrease time on ECMO

When/how :

As soon as possible

Stop dobutamine




BJ A EBritish Journal of Anaesthesia, 117 (1): 52-8 (2016)

dod: 10, 0093 /bjalaearlsl
Cardiovascular

Beneficial effects of levosimendan on survival
in patients undergoing extracorporeal membrane

oxygenation after cardiovascular surgery

K. Distelmaierl, C. Rothl, L. Schrutkal, C. Binderl, B. Steinlechner?, G. Heinzl,

I. M. Lang?!, G. Maurer?!, H. Koinig?, A. Niessner!, M. Hiilsmann?!, W. Speidl?
and G. Goliasch1.*
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Table 2 Unadjusted and adjusted Cox proportional hazard model analysing the effect of levosimendan treatment on ECMO weaning failure,
30 day mortality, and long-term mortality. Hazard ratios are adjusted for all variables in the clinical confounder model (i.e. for age, sex, SAPS-
3, SOFA score, hypertension, diabetes, maximal norepinephrine dose within first 24 h, left ventricular function, duration of ECMO support,
and type of cardiovascular surgery). CI, confidence interval; ECMO, extracorporeal membrane oxygenation; HR, hazard ratio; SAPS-3,

simplified acute physiclogy score 3; SOFA, sequential organ failure assessment

Crude HR (95% CI) P-value Adjusted HR (95% CI) P-value
ECMO weaning failure 0.54 (0.31-0.93) 0.03 0.41 (0.22-0.80) 0.008
30 day mortality 0.61 (0.39-0.96) 0.03 0.52 (0.30-0.89) 0.016
Long-term mortality 0.77 (0.54-1.09) 0.14 0.64 (0.42-0.98) 0.04




LF!J Creasbdark:

Experts’ recommendations for the
management of adult patients with

cardiogenic shock

Bruna Levy” . Olivier Bastien”. Karimn Bendjelid®, Alain Cariou®, Tahar Chouihed®, Alain Combes”, Alesande Mebazaa®,
Bruna Megarbane® Patrick Plaisance®, Alesandre Ouattara™, Christian Spaulding”’, Jean-Louis Teboul &=,
Fabrice Wanhuyse"* Thierry Boulain™ and Kaldoun Kuteifan™

Dobutamine should be used to treat low cardiac output in cardiogenic shock. (strong agreement)
Phosphodiesterase inhibitors or levosimendan should not be used first-line

CS refractory to catecholamines can be treated by perfusion of phosphodiesterase inhibitors or
levosimendan

There is a pharmacological rationale for the use of this strategy in patients on chronic beta-blocker
treatment. (weak agreement)

In CS refractory to catecholamines it seems logical to consider the use of circulatory support rather
than increased pharmacological support

Levy et al. Annals of Intensive Care (2015) 5:17



TAKE HOME MESSAGE (1)

Inotropes : Indication and titration
Symptomatic low cardiac output : heart rate, CI/SVO,, lactate, echo

No hypovolemia
Dobutamine : start at 2 microgramme/kg/min
Levosimendan : no bolus, start at 0.1 microgramme/kg/min
Enoximone no bolus, start at | vial//24h

(2 to 10 microgramme/kg/min)




TAKE HOME MESSAGE (2)

Norepinephrine plus dobutamine

Medical treatment

Contra-indication to ECLS

Improvement on medical
treatment

LEVOSIMENDAN?

ECLS

Crash and burn

Lactic acidosis, increase in NE, organ
failure

Refractory cardiogenic shock



WHEN CARDIOGENIC SHOCK IS BECOMING
REFRACTORY
MECHANICAL ASSISTANCES DEVICES




Un obijectif prioritaire:
Retablir un debit circulatoire




BALLON DE CONTRE PULSION
INTRA-AORTIQUE: DISPOSITIFS

Ballon:

30 a2 40 cm de long

Entre la sous-claviere et les arteres

rénales

VG

Synchronisé sur 'ECG
Qui se gonfle a 'hélium en diastole (a la dicrote)

Qui se degonfle activement

Crosse aortique

Balonnet gonflé
a ’hélium

Aorte descendante

Artere iliaque



Ballon de contre pulsion intra-
aortique: Indications initiales

Infarctus antérieur non revascularisé
Infarctus antérieur revascularisé
Choc cardiogénique

Angioplastie coronarienne a risque
CIV post infarctus

Infarctus VD

Décharge VG sous ECMO



BALLON DE CONTRE PULSION INTRA-
AORTIQUE: CONTRE-INDICATIONS

Insuffisance aortique préexistante

Dissection aortique

Dilatations anévrismales de 'aorte

Les patients « trop » tachycardes




BALLON DE CONTRE PULSION
INTRA-AORTIQUE:
COMPLICATIONS

Ischémiques du membre inférieur
Hémorragique

Thrombopénie

Hypoperfusion rénale

S Si malposition
Hypoperfusion mésentérique



BALLON DE CONTRE PULSION INTRA-
AORTIQUE: AVANTAGES ET

INCONVENIENTS
AVANTAGES INCONVENIENTS
Facilité d’implantation Ne restaure pas de débit
Physiologique Temporaire

Complications:
Hémodynamiques

Infectieuses



LA CONTRE PULSION INTRA AORTIQUE

S P=0.92 by log-rank test
Control
40
|IABP
g 304
£
w
E 20
=
104
0 T T T ! T 1
0 5 10 15 20 25 30
Days since Randomization
Figure 1. Time-to-Event Curves for the Primary End Point.
Time-to-event curves are shown through 30 days after randomization for
the primary end point of all-cause mortality. Event rates represent Kaplan—
Meier estimates.

Thiele H et al. N Engl J Med 2012;367:1287-96



2017 ESC Guidelines for the management of
acute myocardial infarction in patients
presenting with ST-segment elevation

The Task Force for the management of acute myocardial infarction
in patients presenting with ST-segment elevation of the European

Society of Cardiology (ESC)

Recommendations for the management of cardio-
genic shock in ST-elevation myocardial infarction

Intra-aortic balloon pumping should be con-
sidered in patients with haemodynamic
instability/cardiogenic shock due to mechan-

ical complications.

Routine intra-aortic balloon pumping is not
indicated.”””**

Ia



@

QUELLE TECHNIQUE?

EUROPEAN
SOCIETY OF
CARDIOLOGY ®

IABP

.2
3
5

Impella ]~ :

(@16)14)

ECLS
(ECMO)

Tandem Heart iVAC 2L

Thiele H et al. European Heart Journal 2015



VA-ECMO : INDICATIONS




CHOC CARDIOGENIQUE

Pression artérielle systolique < 90 mmHg ou pression artérielle
moyenne < 65 mmHg pendant plus de 30 min

Index cardiaque <I,8 I/min/m?
Augmentation des pressions de remplissage ventriculaire gauche
Inotrope ou Vasopresseur

Altération de la perfusion tissulaire:
Trouble de conscience
Oligurie
Extrémités froides

Augmentation du lactate

Levy B et al. Ann intensive Care 2015



GRADATION DE LA GRAVITE DANS LE
CHOC CARDIOGENIQUE

Mild-shock Profound shock

New
standard

Device

Conventional

REANIMATION

Basra SS et al. Current Opinion in Cardiology 201 |



DEFINITION DU CHOC
CARDIOGENIQUE REFRACTAIRE

Choc cardiogenique ne répondant pas au traitement
meédical (inotropel/vasopresseur/étiologique) bien conduit :

Augmentation non controlée des posologies de vasopresseurs

Signes cliniques de profond bas débit
Atteinte hépatique et/ou rénale évolutive

Confirme par I'échocardiographie ou par le monitorage invasif

Pas de consensus




CONSEQUENCES PHYSIOPATHOLOGIQUE
DU CHOC CARDIOGENIQUE REFRACTAIRE

Bas débit Harjola et al. Eur ] Heart Fail 2017

Congestion W
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L’ASSISTANCE CIRCULATOIRE ECMO VA :
EVITER LE CERCLE VICIEUX

Bas débit

N

\Ischémie défaillance
mation Précoce avant l’installation
ﬂ'amma . 9
* * * x \ 1/ des défaillances rénales et
™ e s Q f. hépatiques
0P
lnflammatory -».. ®
/@ activation

DECES

Vasoplégie s 1@'}}5))

Fgloradr all DD)
_NHarola 2017



TECHNIQUES




L’ASSISTANCE CIRCULATOIRE: CAHIER
DES CHARGES

= ' Vrai débit circulatoire :
= I\' PRIMORDIAL

===
——-:f-Ca/zier des c/)a/‘ged
=

k Facilité d’implantation <20 min
ﬁ Décharge ventriculaire gauche et droite

A

Faible taux de complications



ECMO VA : PRINCIPE TECHNIQUE

I Décharge ventricule droit I

I Débit circulatoire de | a 7 I/min I

I Sang oxygéné et épuré en CO, I

I Réinjecte a ‘““contre-courant*‘ I

Cannule arterielle

reperfusion

Cannule veineuse

Adapté de Calderaon ] et al. Traité d’Anesthésie Réanimation 2014



DESCRIPTION DU DISPOSITIF ET
IMPACTS

Circulation
rétrograde




Pression

IMPACT D’UNE CIRCULATION RETROGRADE
SUR LA FONCTION CARDIAQUE

Normal Choc ECMO
cardiogénique

N N = [Ea [
LECMO VA décharge le ventricule droit

LECMO VA augmente les pression télé-diastolique et télé-systolique ventriculaire gauche

L’ECMO VA ne décharge pas le ventricule gauche

I] N j ;"

L— >

Press

>

>
Volume Immeédiat et effets retardés Volume

Rihal C.S. et al. Card Fail 2015



PERFORMANCE MYOCARDIQUE ET
DEBIT D’ECMO VA

Pression
systolique

SBP (mmHg)
_|

EBF (L/min)

Ostadal et al. | Transl Med 2015

Volume de fin

Volume d’éjection
systolique

C Eav de systole
100 “ *
804 T
g 60+
B 40-
w
Travail 201
myocardique s
f sw y d 1 2 3 4 g sv
EBF (L/min)
4000+ 60-
~ * T
= 3000+
E — 40-
o
T 2000 L E
£ >
S 9 5.
% 1000- P<0.001
: 11 ;

EBF (L/min)

EBF (L/min)




, CONSEQUENCES DE LA CIRCULATION
RETROGRADE SUR LE VENTRICULE GAUCHE

40 -

a5 4

30 A

25 A

20 -

15 -

10 -

Pulmonary Artery Occiusion Pressure

IABP On IABP Off IABP On again

Petroni T et al. Crit Care Med 2014 Immédiat et effets retardés Weymann A et al. | Cardiothorac Surg 2014



SYNDROME ARLEQUIN

RécupérationVG

Deoxgenated

PaO,= 50 mmHg
2 / Blood From LV

Oxgenated
Blood From
ECMO

Point de mélange ECMO/Cceur
Dans ’aorte

PaO,= 150 mmHg



COMPLICATIONS

Réinjecte a ““contre-courant*‘ I I Circulation Extra-Corporelle

(Edéme aigu Syndrome Arlequin Infections 90% a J25 Thrombopénie

hydrostatique Thrombose
www.flightbridgeeded.com  Weymann A et al. Journal of Cardiothoracic Surgery 2014 Lotz C et al. Circulation 2014  Schmidt M et al. CID 2012 Hémorragie



ECLS: CAHIER DES CHARGES

Vrai débit circulatoire: PRIMORDIAL

_ |
= o Facilite d’implantation < 20 min
T Cobier des charges INES Decharge ventriculaire

= N - droite

= k% - gauche

= ,

Faible taux de complications

*x N\

R



ECMO VA: UNE THERAPEUTIQUE
EFFICACE




MYOCARDITE

41 Myocarditis
patients

1 " |

BiVAD ‘

n=6 n=33

I N I

2 died in ICU
0 Heart transplant

10 died in ICU
4 Heart transplants

Peripheral ECMO |

1

Central ECMO
n=2

I

1 died in ICU
0 Heart transplant

-~ " -~

f

| Long-term survival
n=4

n=23

LY

I 69% de survie I

| Long-term survival

8

e

Long-term survival
n=1

Mirabel M et al. Crit Care Med 201 |



SYNDROME CORONARIEN AIGU

Table 1 Clinical characteristics of ECMO-treated AMI patients according to ICU survival status

Characteristic

Age, years
Men
Body mass index, kg/m*
SAPSII
SOFA score
AMI onset to ECMO, days
Mobile ECMO retrieval
Pre-ECMO cardiac arrest
No-flow, min
Low-flow, min
Shockable rhythm
ECMO under CPR
Thrombolysis for AMI
AMI location
Anterior
Inferior
Other

Patients with attempted PCl

Successful PCI
ECMO pre-PCl

ECMO to PCL b
Post-PCI ECMO

PClto ECMO, h

All patients (n = 138) Survivors (n = 65)
55 (46-63) 53 (44-60)
110(80) 55 (85)
26 (24-29) 25 (24-28)
66 (48-82) 60 (40-75)
11 {8-15} 10(7-12)
1(0-2) 1(0-4)
45 (33) 21(32)
79 (57) 37 (57)
0 (0-0) 0 (0-0)
16 (10-35) 15 (5-30)
42479 (53) 23/37 (62)
19(14) 9 (14)
16(12) 6 (9)
93 (67) 44 (68)
33(24) 14(22)
12(9) 7(11)
112(81) 54 (83)
99/112 (88) 48/54 (89)
14 (10) 8(12)
2(1-6) 1(1-5)
124 (90) 57 (88)
12 (4-24) 11 (3-24)

Non-survivors (n = 73)

58 (49-65)

55 (75)

26 (24-30)

73 (55-88)

13 (9-16)
1(0-1)

24 (33)

42 (58)
0(0-1)

29 (10-36)

19/42 (45)
10 (14)
10 (14)

49 (67)
19 (26)
5(7)

58 (80)

51/58 (88)
& (8)
4(1-24)
67 (92)
12 (5-24)

0.050
0.170
0.060

<0.001

0.001
0280
0940
0.940
0460
0570
0.120
0.980
0410
0.380

0.590
0.890
0460
0.9%0
0.660
0.880

Pete | Survie ICU 47%

Sévere

60% ont un ACR pré-canulation

90% canulés apreés angioplastie

dans les |2H

Muller G et al. Intensive care Med 2016



ARRET CARDIAQUE REFRACTAIRE

.. Extra-Hospitalier
Intra-hospitalier
10 — ECPR-M
—_— PR-
clo%—?aiip:(]-{)(}:& N=8
0.8+ SURVIVANTS
g 0-6
£ DECEDES
E 04

1 ¥ T 1 13 =
4] 100 200 300 400 2 4
Time (da
Number at risk (days)
Extracorporeal CPR-M 46 15 15 7
Conventional CPR-M 46 7 6 3

20 études, 833 patients,
22% de survie a la réanimation, 13% CPC |

Chen Y-S et al. Lancet 2008 Ortega-Deballon | et al. Resuscitation 2016 Chouied et al. Shock 2018



CARDIOMYOPATHIE SEPTIQUE

75~ %* % % %* % ¥k
Venoarterial ECMO -1
n=222
e
;@'50-
u -
m —
_ 2 254
[ Refractory septic shock ?
{ n=14
0 1 | | |
2Deaths underECMO -\o{\ \oo R
2DeathsinICU e e R\
& & ¥
N o (6)
Q R
v & ¢
: O O
| 10 Long-term survivors 0\“ Oé\
_ : < <
. 100 % de récupération
74% de survie I > . P .
de la fonction cardiaque

Brechot N et al. Crit Care Med 2013



INTOXICATION AUX CARDIOTROPES

100

, p<0,045* .
90 - - ~
50 86 % |
70 ;
<3
» 60 i
S
% 50 253 chocs sur 2350 intoxications
3 48 %
40
30 -
20
o Pour les Beta bloquants +++
0
ECLS No ECLS
n=14 n=48

* Adjusted on IGS 1l and beta-blockers intoxication

Survie 86% sous ECMO vs 48 %

Masson R et al. Resuscitation 2012



UN AVENIR OPTIMISTE ET VERTUEUX Sl :

Identification des patients

dans et hors Grosvolume
du centre expert dECMO
pour

un transfert précoce

U ne organisation structurée et entrainée :
+ Connaissances

Diminution de lamortalite + Expertise
+ Equipement

* Protocoles
* Enthousiasme !l!

Amélioration de la
qualité des soins sousECMO

Barbaro RP et al. Am ) Respir Crit Care Med 2015




i “‘ﬂ i Direct transfer to Shock Center
by-passing closest non-shock site

Non-Shock Spoke Center
PCl Capable

T

.-l-l'_l‘

MD-to-MD dialogue

Transfer for PCI f
stabilization

1

. Shock Team

EOUBRIrgs

P on
4

Hub Cardiogenic

Non-Shock Spoke Center
Shock Center

Not PCl Capable



