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CHOC CHOC
CARDIOGENIQUE SEPTIQUE
Experts’ recommendations for the @ Surviving Sepsis Campaign: @
management of adult patients with International Guidelines for Management
cardiogenic shock of Sepsis and Septic Shock: 2016

2 Norepinephrine should be used to restore perfusion 1. We recommend norepinephrine as the first-
pressure during cardiogenic shock (strong agreement). choice vasopressor (strong recommendation,
moderate quality of evidence).

Levy B et al. Ann. Intensive Care 2015 Rhodes et al. Intensive Care Med 2016



CHOC CHOC
CARDIOGENIQUE SEPTIQUE
Experts’ recommendations for the Wewsn Surviving Sepsis Campaign: @
management of adult patients with International Guidelines for Management
cardiogenic shock of Sepsis and Septic Shock: 2016

2 Norepinephrine should be used to restore perfusion 1. We recommend norepinephrine as the first-
pressure during cardiogenic shock (strong agreement). choice vasopressor (strong recommendation,
moderate quality of evidence).

‘ Les catécholamines peuvent elles avoir des effets indésirables ?

‘ Existe-t-il des alternatives au catécholamines?

Levy B et al. Ann. Intensive Care 2015 Rhodes et al. Intensive Care Med 2016
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[ Physiologie | [ LIIEE T Effets indésirables

MI'EC,ANISMES‘ CELLULAIRES DE LA
REPONSE A 'HYPOTENSION

Cytokines
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Russel | Intensive Care Med 2019
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EFFETS “INDESIRABLES” DES
CATECHOLAMINES



Effets indésirables

CARDIOPATHIE DE STRESS:
CATECHOLAMINE EXOGENE

IE:L Il Clinical Features on Admission of Patients With Stress Cardiomyopathy

Age HR MAP Killip Peak Tn-| Max QTec Hemodynamic Ballooning EF
Patient # (yrs) Sex Drug Event (beats/min) (mm Hg) Class (ng/mil) (ms) Support Pattem (%)
1 46 M Dobutamine Dobutamine 92 55 1 047 475 None Apical 35
echo
2 L5 | F Dobutamine Dobutamine 59 60 2 0.46 652 IABP Midventricular 35
echo
3 41 F Dobutamine  Dobutamine 63 77 1 41 477 None Midventricular 35
echo
4 30 F Epinephrine Suicide 88 55 4 0.47 499 Dopamine Apical 15
attempt
24 F Epinephrine Liposuction 100 55 3 3.2 540 Dopamine Apical i5
48 F Epinephrine Facelift 85 69 5.6 568 None Basal 35
44 F Epinephrine Keloid 136 67 12 471 Norepinephrine Basal 40
repair
20 M Epinephrine Colonoscopy 100 57 3 7.4 607 None Basal 40
9 54 F Epinephrine Vasovagal 100 121 1 4.4 504 None Basal 40
syncope

Apport exogéne de catécholamine I

I Polymorphisme des Beta-adrénorécepteurs?

Abrham | et al. ] Am Coll Cardiol 2009



Effets indésirables

Metabolites de la :
Noradrénaline
Dopamine

CARDIOPATHIE DE STRESS:
CATECHOLAMINES ENDOGENE

Table 2. Plasma Catecholamine and Neuropeptide Levels.*

Variable

Catecholamine precursor (pg/ml)
Dihydroxyphenylalanine
Catecholamines (pg/ml)
Epinephrine

Norepinephrine

Dopamine

Nairanal matahalitac Ino fml
Dihydroxyphenylglycol
Dihydroxyphenylacetic acid
PP SR T TP ™
Metanephrine

Normetanephrine

Peptides (pg/ml)

Neuropeptide Y

Brain natriuretic peptide
Serotonin and metabolite (pg/ml)
5-Hydroxytryptamine

5-Hydroxyindoleacetic acid

Patients with Stress Cardiomyopathy (N=13)

Day 1 or 2

2859 (2721-2997)

1264 (916-1374) 1
2284 (1709-2910)
111 (106-146)F

2706 (2382-3131)F
2758 (2573-3077)

178 (140-187)
216 (130-319)

186 (162-236)
1033 (805-1783)§

2585 (2165-2816)F
5596 (4531-7380)

Day3,4,0r5

2495 (2386-2761)F

1044 (733-1118)F
1573 (1235-2589)1
77 (63-110)

2689 (2246-2842)
2598 (2354-2892)

509 (385-789)
456 (229-569)

185 (158-214)F
450 (205-684)

2379 (2290-2900)
7839 (5698-9644)

Day 7,8, 0r 9

median (interquartile range)

Day 1 or2

1656 (1065-2011)

348 (180-550)
1142 (525-1252)
56 (47-77)

376 (275-476)

61 (46-77)

2161 (2093-2416)§
1345 (1194-1682)

659 (590-738)§
661 (551-696)§

106 (89-124)
160 (145-170)

136 (90-182)§
142 (72-236)

77 (60-90)
264 (192-483)

1602 (864-1989)
6471 (3308-7074)

1282 (1124-1656)

1100 (914-1320)

1625 (1412-1702)
1513 (1211-1648)

1308 (1074-1721)
3977 (3604-6074)

Normal
Patients with Killip Class 11l Myocardial Infarction (N=7) Value
Day 3,4, or5 Day7,8,0r9
1203 (1193-1873) 907 (749-937) 17553
330 (220-385) 275 (220-311) 37%
829 (727-914) 541 (516-660) 169+
61 (61-77) 38 (30-61) 15%
1583 (1497-1668) 1259 (1191-1446) 800
1228 (1026-1362) 1009 (908-1059) 14973
203 (177-213) 205 (189-243) 591
196 (181-209) 271 (225-288) 55%
69 (61-71) 60 (40-65) 519
268 (249-574) 297 (142-419) 10-93|
1214 (1114-1643) 1065 (1003-1251) 10047
4607 (4128-6003) 4282 (3887-4416) 6730%%*

Sexe feminin majoritaire I IATCD neurologique I I Origine Autonomique suspectée

Wittstein |.S. | et al. N Engl | Med 2005
Templin C et al. N Engl | Med 2015




Physiologie AR [Effets indésirables |

CARDIOPATHIE DE STRESS INDUCTRICE
D’INFLAMMATION MYOCARDIQUE

38
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Wilson H.M et al. ] Am Coll Cardiol Basic Trans Science 2018
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THERAPEUTIQUES



ALTERNATIVES
THERAPEUTIQUES

Les thérapies qui ne

fonctionnent pas




Alternatives

INHIBITEUR DE LA NO SYNTHASE

( ] ) Agonists

Cellule endothéliale

Cellule musculaire lisse I

Catecholamines oxidative

denaturation b i VSMC

Y | ¢

1 Vasodilatateur I

| I Monoxyde d’Azote I

2 I Peroxynitrite I

3 | Canaux k+ATP |

4 I Prostacycline I

Levy B et al. Intensive Care Med 2010



Alternatives

INHIBITEUR DE LA NO SYNTHASE

Phase lll, multicentrique, randomisé€, 124 centres, 797/4400 patients, choc septique,

MAP (mmHg)
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Lopez et al. Crit Care Med 2004




Alternatives

INHIBITEUR DES CANAUX K+ ATP

Cellule endothéliale I] I Monoxyde d’Azote I

2 I Peroxynitrite I

3 | canaux k+ATP |

4 I Prostacycline I

Cellule musculaire lisse I

Catecholamines oxidative
denaturation

VI "4

Vascular hyporesponsiveness
and vasodilatation Levy B et al. Intensive Care Med 2010



Alternatives

INHIBITEUR DES CANAUX K ATP

Phase IIb, monocentrique, étude en cross-over, |10 patients en choc septique I
No significant difference between two groups

Median Norepinephrine infusion rate (ug/minute)
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Pas de différence en terme de PAM

Warrillow et al. Crit Care Med 2006



ALTERNATIVES
THERAPEUTIQUES

Les thérapies qui ont prouvées

leurs efficaciteés




Physiologie Physiopathologie Effets indésirables _

STIMULATION ADRENERGIQUE

Russel | Intensive Care Med 2019



Alternatives

Probability of Survival (%)

No. at Risk

Norepinephrine
Dopamine

LA NORADRENALI[\IE VERSUS LA
DOPAMINE DANS L'ETAT DE CHOC

100] Phase lll, randomisée, double aveugle, 1679 patients, objectif: mort a 28 jours I
P=0.07 by log-rank test
80— Hazard Ratio (95% ClI)
Norepinephrine Type of shock
60- :
0 Hypovolemic =
0 Dopamine Cardiogenic
Septic ——
20 All patients ——
| |
0.5 1.0 1.5
0 T T | | T T | - L
0 4 8 12 16 20 24 28 : , ,
Dave since Randormizati Norepinephrine  Dopamine
ays since Ranaomization
= et Better Better
821 617 553 504 467 432 412 394 I NG GBS A R s I
858 611 546 494 452 426 407 386

<

Pas de différence de mortalité

I Pas de stimulation Beta 2 adrénergique I

De Backer et al. N Engl ] Med 2010



Alternatives

PLACE DE LA NORADRENALINE POUR LA
PRISE EN CHARGE DE LA VASOPLEGIE
SEPTIQUE

Initiate norepinephrine (NE) and titrate up to 35-90 pg/min
to achieve MAP target 65 mm Hg

b

MAP target
achieved

Dellinger et al. Intensive Care Med 2017



Alternatives

LA NORADRENALINE +/- DOBUTAMINE
VERSUS 'ADRENALINE DANS LE CHOC
CARDIOGENIQUE

Phase lll, multicentrique, randomisée, double aveugle, objectif hémodynamique I

C
140 4.0 - E
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HO H2 H4 H6 H12 H24 H48 H7
HO H2 H4 H6 HI2 H24 H48 H72 Hours Epinephrine Norepinephrine

Hours

L’'Adrénaline a un cout métabolique > Noradrénaline I I Plus d’évolution vers un choc réfractaire I

Levy et al. JACC 2018



Alternatives

VASOPRESSINE

Smooth muscle

Endothelium

l

Effets pro-coagulant - S
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Vasoconstriction

Russel | Intensive Care Med 2019



Alternatives

LA VASOPRESSINE DANS LE CHOC
SEPTIQUE

Phase lll, randomisée, multicentrique, 778 patients, objectif: mortalité a 28 jours

1.0
Table 4. Rates and Risks of Death from Any Cause According to the Severity of Shock.* 0.9 P=0.27 P=0.10
— - at day 28 at day 90
Norepinephrine Vasopressin Absolute Risk Reduction g L :
Stratum Group Group P Valuet (95% CI) S 084 .
no./total no. (%) % Lls_i \ ey
More severe septic shock > e N :
28-day mortality 85/200 (42.5)  88/200 (44.0) 0.76 -1.5 (-11.2t0 8.2) % 0.6- Lo _ Vasopressin
90-day mortality 105/199 (52.8)  103/199 (51.8) 0.84 1.0 (-8.8 to 10.8) -’é | )
Less severe septic shock a 037 : Norepinephrine
28-day mortality 65/182 (35.7)  52/196 (26.5) 0.05 92(-0.1t0 185) | 044,
90-day mortality 83/180 (46.1) 69/193 (35.8) 0.04 10.4 (0.4 to 20.3) 0.0 : : - : : : : : :
0 10 20 30 40 50 60 70 80 90
Days since Initiation of the Study Drug
No. at Risk

Vasopressin 397 301 272 249 240 234 232 230 226 220
Norepinephrine 382 289 247 230 212 205 200 194 193 191

Effet bénéfique sur la mortalité

. . s Effet neutre sur la mortalité a)28 I
dans les chocs septiques les moins séveres

Russell JA et al. N Engl | Med 2008



Alternatives

VASOPRESSINE + HSHC VS NORADRENALINE
DANS LE CHOC SEPTIQUE

Objectif laire: nombre de jour vivant et sans insuffisance rénale sur les 28 jours post randomisation

Phase lll, randomisée, multicentrique, plan factoriel 2X2,409 patients,

Kidney failure-free days per treatment group (primary outcome)

Vasopressin + hydrocortisone (n=100) Vasopressin + placebo (n=104)
60 60
504 504 I
404 40+
(=} =3
4 =2
£ 30/ £ 30
Effet neutre
& 201 & 20
10 10
OH:lj | e = | 0&,:.:::&:1::&:[:1:1:&:.:;::'
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Days Alive and Free of Renal Failure Days Alive and Free of Renal Failure R , R R °
Mais réduction du risque absolu en %
Norepinephrine + hydrocortisone (n=101) Norepinephrine + placebo (n=103) - R
60 60 - ~
de recours a ’EER dans les groupes vasopressine :
501 50
. -9.9 (-19.3 to —-0.6)
S c
= =
é 304 ‘:2) 30
5 B
204 20
10 10
| —
OL [ Wp—— | ::J—I_W—I 0[[:4:\_.:: | f.—ﬁ—l—r

0 2 4 6 g 10 12 14 16 18 20 22 24 26 28 0 2 4 6 8§ 10 12 14 16 18 20 22 24 26 28
Days Alive and Free of Renal Failure Days Alive and Free of Renal Failure

Gordon C.et al. JAMA 2016




Alternatives

VASOPRESSINE VERSUS NORADRENALINE
DANS LE CHOC VASOPLEGIQUE POST
CHIRURGIE CARDIAQUE

Phase lll, randomisée, monocentrique, 300 patients vasoplégiques avec fonction cardiaque conservée,
Objectif laire: nombre de jour vivant sans dysfonction d’organe a 28 jours

1.0

09 <+

08 4

0.7

0.6

IR Amélioration de la survie
" sans événement dans le groupe vasopressine

0.3 4

Event-free survival

0.2 4

P<0.0001

0.1 <

(Log-rank test)

00 + ' ' , . . , | Diminution du nombre d’événement arythmique

0 5 10 15 20 25 30 d | .
Time (days) ans ieé groupe vasopressine

Patients at risk

e ! |OTEpINEPNIINe 151 49 45 43 43 43 41

—)/3s0preSSN 149 83 80 78 14 14 75
Hajjar C. et al. Anesthesiology 2016



Alternatives

SELEPRESSINE

ro-coagulant

Endothelium

$ Immune

Smooth muscle

Response
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Russel | Intensive Care Med 2019



Alternatives

SELEPRESSINE

Phase lIb 111, 828 patients randomisés, controlé versus placébo, patients en chocs septiques,

Objectif laire: nombre de jour sans vasopresseur et sans ventilation mécanique
?| Norepinephrine dose

Selepressin

Free of ventilation and vasopressors 0.6
100 Died " o
Placebo O 0.5
Free of ventilation and vasopressors S
804 N | ------ Died -20 <
e 0.4+
R z .E
= 601 — 40 S 2 0.3
= = ER
g- 40 - R =60 S 3 0.2+ \/
& —ersnaen =i e a8
T % 0.1
- ___.---—'--_‘-- L aQ - 1
20 e 80 =z
0
0 . T T T T T 100 T
0 5 10 15 20 25 30 0 12 24 36 48
Days Hours
No. at risk No. of patients
Selepressin 562 460 433 406 376 365 359 Selepressin 561 554 534 179 503
Placebo 266 223 213 203 190 183 174 Placebo 266 257 250 a3 235

Effet neutre sur le nombre de jour sans VM et Vasopresseur I I Pas de réduction de la dose de noradrénaline

Effet neutre sur la mortalité
Laterre PF et al. JAMA 2019




Alternatives

PLACE DE LA VASOPRESSINE DANS LA PRISE
EN CHARGE DE LA VASOPLEGIE SEPTIQUE

Initiate norepinephrine (NE) and titrate up to 35-90 pg/min
to achieve MAP target 65 mm Hg

¥

MAP target not achieved
and judged

poorly responsive to NE

A 4

Add vasopressin up to
0.03 units/min to achieve

MAP target™

Dellinger et al. Intensive Care Med 2017



Alternatives

LES GLUCOCORTICOIDES

I Phase lll, multicentrique, double aveugle, versus placebo objectif 12"e: mortalité a 90 jours

A Time to Weaning from Vasopressors 1.0
n 1.04
§ 0.9+
@ 0.9 Hydrocortisone+fludrocortisone = 0.8
= >
S 0.8 s 074 Hydrocortisone+fludrocortisone
a Placebo 3 06
S 07- @ 067
o
E 0.6 = s Placebo
= = 044
£ 05- S 034
b £ | P=002bylogrank test
g 0.4+ & g, P=0.02Dylogranktes
(18
% 0.3 0.14
F 0.0
= 0.249 ' ' '
:E 0 30 60 50
-5 L Days
a _ .
0.0 T T T T No. at Risk
0 7 14 21 28 Hydrocortisone+ 614 405 372 353
Days fludrocortisone
Placebo 627 381 333 319

I Sevrage plus précoce des vasopresseurs I

<

I Impact de la Fludrocortisone ? I Population tres severe

Diminue la mortalité

Annane N et al. Engl | Med 2018



LES THERAPIES QUI PROUVERONT

PEUT ETRE LEURS EFFICACITES




Alternatives

ANGIOTENSINE Il
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Alternatives

ANGIOTENSINE Il

Phase Ill, multicentrique, randomisée, double aveugle, 344 patients,
Objectif laire: efficacité hémodynamique sur la PAM a 3H >75mmHg

A Mean Arterial Pressure over Time

78- 1 e Placebo
77 -
76 - L e o i o T i
=
“ 0.05 q
74- 05 -
¢ 8 N
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£ 72- gEF -0109
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T Angiotensin Il
g 7 B \
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66 - N
65 -
o-y—rTT77T T T T T T T T T T T T T T T T T T
0 T T T T T T T T T T T T T T T T T T T T T T T 1 0 2 4 6 & 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 406 48
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 N .
Hours since Start of Infusion
Hours since Start of Infusion X
) No. at Risk
No. at Risk Angiotensin Il 161 160 154 151 151 143 141 136 130 125 120 115 112 106 101 100 99 95 93 #9 87 B4 7§ 72
Angiotensin Il 163 163 159 157 156 152 153 149 150 149 148 149 148 143 140 141 139 139 136 138 136 132 129 128 123 Placebo 158 157 155 152 148 145 145 141 136 133 131 128 122 122 122 120 121 115 110 106 102 99 88 &4
Placebo 158 158 157 153 150 148 145 145 143 143 139 136 136 133 130 131 127 132 125 126 128 122 122 119 112
(] ] r 3 L] r °
Meilleure pression artérielle moyenne Moins de catécholamines

Khanna et al. N Engl | Med 2017



LE FUTUR EVENTUEL



Futur

BETA-BLOQUANTS

Systémes activés

Dysautonomie

[VASOREACTIVITE | | CCONTRACTILITE | |CINFLAMMATION |




Futur

BETA-BLOQUANTS

Systémes activés

Dysautonomie

| (VASOREACTIVITE | | (CONTRACTILITE | |COINFLAMMATION |




Futur

BETA-BLOQUANTS

Phase llb, monocentrique, randomisée, sans aveugle, |1 44 patients stabilisés

. . . . e . r . ovariates
130 objectif laire : réduction de la fréquence cardiaque
_ =
120
= . 507 08
=< 110 =
" = 4.5
8 £ 206
o 100+ 7 £
i = 4.0 £
~ (7] —
o o =] Esmolol
v | E = 0.4
E B0 N B 3571
T e Esmolol group
%0 s ESTOLOL GTOUD 8 02
3.0
70 ' ' ! 2.5+ ; ’ : - 0 . :
Baseline 24 48 72 96 Baseline 24 48 72 9% 0 5 10 15 20 25 30
Time, h Time, h Study Day
No. of patients No. of patients No. atrisk
Control 77 73 71 66 61 Control 77 73 71 66 61 Control 77 52 39 26 21 16 15
Esmolol 77 77 76 76 75 Esmolol 77 77 76 76 75 Esmolol 77 73 61 53 43 40 39

Diminue la fréquence cardiaque I I Sans diminution du débit cardiaque I I Amélioration de la survie

Monocentrique, effectifs faibles... contre-intuitif => a reproduire I

Morelli et al. JAMA 2014



Futur

ADRENOMODULINE

Cellule endothéliale I

Cellule musculaire
lisse

®
ADM

Bivccil u!J‘Uu - @@

Endothelial cell 5 Q

.
cGMP | m
" Vascular smooth

: Ca2+ .
< ,0 g\‘ muscle cell
e i
= Ca%! Lo ‘ J Vasoconstriction
/ Hyperpolarisation \/
K* >

Vasodilatation

Maintien de la
barriere endotheliale

Geven C et al. Front Immunol 2018



Futur

ADRENOMODULINE

o0 A Sepsis B Septic Shock

g 100% |7 g 100%

3 — [ T

S 90% _ 90% ——

m |

v T -_J—.—

— — b

C  80% - 80% —— |
L ' |
'.6 3 :
Q. 70% 70%

[

o

C  60% 60%

Lo — BioADM <70 pg/ml . BioADM <70 pg/ml

'§ sox | BioADM >70 pg/ml ox | BIOADM>70pgiml |
o 0 1 2 3 4 0 1 2 3 4
- Time (weeks) Time (weeks) BIOADM> 70 pg/ml=

Population a cibler

Mebazaa A et al. Crit Care 2018



Physiologie Physiopathologie Effets indésirables _

ADRECIZUMAB : ADRENOS Il

I Choc septique I

Main inclusion criteria: Main exclusion criteria:
Age 218 years Expected rapidly fatal outcome
) Bio-ADM >70 pg/mL Pre-existing unstable condition
SR Early septic shock Malignancies

Body weight 50-120 kg Neutropenia

See Box 1 for a detailed overview of all inclusion and exclusion criteria

|

I BI O'AD M > 70 Pg/ ml I Inclusion Early (<12 hours) septic shock and

Bio-ADM >70 pg/mL

1!

Randomisation 3 3
v

I Doses differentes

adrecizumab adrecizumab

I Treatment [ 2 mg/kg J [ 4 me/kg ] [ Placebo ]

n=150 patients
completed day 28

| i |
Stop of study if probability of
positive outcome of efficacy end
point is <40%

Analyses

I
n=300 patients
completed follow-up

Y
/ Final analysis \
Primary objective
* Safety and tolerability of Adrecizumab

Tolérabilité et
critére composite

Secondary objectives

Objectives/end points |+ Efficacy of Adrecizumab (intention-to-treat analysis)

* Primary efficacy end point: Sepsis Support Index
within the first 14 days.

* Other end points include: mortality, morbidity,

vital signs, QoL and length of stay.
¢ Pharmacokinetics (C,,,,, AUC, V, CL, t, ;) /

Geven C et al. BM| Open 2018
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sepsis post CEC cardiaque

I Noradrénaline |_> Répondeur

\

Non répondeur

\

Fonction cardiaque ) Fonction cardiaque

conserveée

v
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4
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+
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+
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+/-
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+
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