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ARCOTHOVA.

Mr L.59 ans
Cardiopathie dilatée idiopathique
Admis en réanimation pour un état de choc cardiogénique
Dégradation sous traitement maximal - SCAI D

ASAT/ALAT 10N Lactatémie 6mM DFG 40
Hb 11.6g/dL Plaquettes 160G/L

>>> décision d'implanter une ECMO-VA

[ Assistance circulatoire de courte durée ? ]
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Cardiogenic Shock

» Acute myocardial infarction

« Acute or chronic heart failure
due to left ventricle or

biventricular “A‘Ec MO

- Myocarditis
- Chronic cardiomyopathy

TRk
ssatttlll
- Septic cardiomyopathy =
- Graft failure after heart
transplantation

« Chronic right ventricle
(RV) failure

Refractory Ven

« Pulmonary embolism with Arrhythmi
RV failure

« Postcardiotomy syndrome

Guglin, M. et al. J Am Coll Cardiol. 2019;73(6):698-716.
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Heart or Heart/Lung
Transplantation

:! mmad Recovery

ECMO-VA

Thrombosis under ECMO

Dauwe et al. ICM 2020




Thrombose sous ECMO

Adj OR (95% C)
*) ELSO registry Hemorrhagic stroke e 771479-1247)
11984 VA-ECMO Pulmonary Bleeding {821 ——t 3.08 (219-4.33)
Gastrointestinal Bleeding {14 —e—t 1.95(151-2.52)
BLEEDING Tamponade =t 140(1.09-179)
. Surgical Bleeding 15 131(11341.5;
J 33% patients oS il e 1132
¥ Cannulation Site Bleedi e X
RBCs: 5,254 events o 105 091208
Ischemic Stroke +24 — 2.31(1.77-3.00)
Hemolysis {17 — 158 (113-2.21)
THROMBOSIS il :
. ‘Oxygenator/Pump Failure -4 —— 104 (0.811.33)
20% patients 5
Clots in the Circuit 4= ek 0.92(0.78-1.08)
3,203 events =
W 1 1o
Staessens et al. 77H 2022
Chung et al. JACC Heart Failure 2020
£FAR
‘adon el
ECMOSARS registry Any bieeding i 2ron 7741
620 ECMO COVID-19 nacrania homonhage —— 27203
Canuiation sia biescing ot 12207224
= Upper o lower Gl hemorrhage requiring PRBC transfusion ication fthere
Gibleeding S 22srs3l (>20mi/kg/24 hrs of PRECS or >3U PRBCs/24 hrs in that are placed across the mediastinum.
Gl hemorrhage | neonates and pediatrics or 3U PRECS/24 hrs in adults),
BLEED ‘ NG Pumanary blesding A PP and/or, it Mediastinal | Mediastinal cannulations are also referred to as central
49% patients ENT blesding ——t 099[051-195] deployment ion 2 et  pacea v o
bleeding PRBC
382 events Any thrombosis. et 103[0.68-156] transfusion (>20mi/kg/24 hrs of PRBCS or >3U PRBCs/24.
) ) hrs in neonates and pediatrics or >3U PRBCS/24 hrs in
Pumonary embolsm - 1770913461 il crglion Finctl o om 3 adults, and/or surgical intervention.
THROMBOSIS [— — asiomszss) e cane dason She 2ich 1 S0 DA, ol o
o i genator faure
36% patients Oxygenator fal ——i 146(067-3.16] Peripheral | Peripheral cannulation site bleeding requiring PRBC if
343 events Gicut change et 133 (0732421 cannulation site | transfusion (>20mi/kg/24 hrs of PRBCS or >3U PRBCs/24. site other than mediastinal or peripheral cannulation site.
bleeding | hrs in neonates and pediatrics or 23U PRBCS/24 hrs in surgical site
001 o1 E o 0o adults) and/or, surgical intervention (includes bleeding | Requiring PREC transfusion (>20mi/kg/24 hrs of PRBCS or
Adusted Odes rao intravascular hemostatic agent deployment). A >3U PRBCS/24 hrs in neonates and pediatrics or >3U
i i if PRBCS/24 hrs in adults), and/or surgical intervention
site.
Mansour et al Intensive Care Med 2022 €150 registry definition 02/2021
Bleeding definitionS VA-ECMO // BARC bleeding
7
100% Type 2: Any ble si b
ISTH BARC (Class A~ TIMI e 2 Any ign 3 y H
yoes 3.4, 5, el i
V) oo @ of e, (3)
Mortality Fatal bleeding* Fatal bleeding’  Fatal o Tie3 ' '
bleeding’ == Type 3a Observational single center
) e 3o <5y relted to bleed)
Hemoglobin >2 g/dL >3 g/dL =5 g/dL 70% Any ransision with overtblesding Non-ECPR VA-ECMO
droy _ ) i Type 30 N=308
Siteof bleed o Tntracranial « Intracranial « Tntracranial 0% Overt bleadingpls haamagobin drop > St (rovided hasmagobin drop i rlted 1 bleed) ECMO duration : 7 days
« Tamponade « Tamponade « Intraocular Cardi tamponade
o Intrac « Intraocular 5 s0% for convol
et i e iy
« Intra-articular 8 N Type 3¢
1 L g hagi
¢ Intrg-musoular with 30% ‘Subcategories; confirmed by autopsy or imaging or LP
3 cony ~ Intra-ocular bleed compromising vision
Transfusion >2 packed red blood cells ::(y :’:Insﬁmnn - s Cxbes i BARC >3a : 39%
& e Perioperative intracranial bleeding within 48 h
intervention 10% perai
Vasopressor Transfusion of 5 units of whole blood or packed red blood cells within a 48 period**
requirement o = Chest tube output > 2 L within 3 24 hperiod

Xu et al. Thrombosis Research 213 (2022) 57-64

5
Timo After Hospital Presentation (Days)

Moussa et al. Can J Anesth 2023




Meta-anal
SIS «No studies were at low risk of bias »
159 études Définitions H/T
N=21942
40
z3s
Observational single center (LPS) T30
VA-ECMO post-AMI $ 25 Major Bleeding Events
N=132 H
2 No. Pooled Estimate 95% [
F15———— -t Subgroup n Events (%) cl (%)
§ 10 Overall population 12736 5006 40 36-44 9792
BARC 23b 39% G v Overall population by formal 4549 1863 a4 39-48 9066
° definitions*
Days O 5 10 15 20 25
N N4 77 46 22 17 4 Major Thrombosis
Subgroup n No. Events Pooled Estimate (%) 95% CI 12 (%)
Overall population 6505 952 14-19 92,60
. Viok st al. Critial Care and Resuscitation 2024
Massiet . Journal of Critical Care 82 (2024) 154771
Statistical nightmare !
Pourquoi les patients saignent sous ECMO ?
B T

Patient characteristics
ECMO indication

VA-ECMO support

MW_ armne
| APT:0// SAPT // DAPT

; Risk Factors of Bleeding in Patients
THE ANNALS OF U . .
2 THORACIC SURGERY ndergoing Venoarterial Extracorporeal
A Any Bleeding Medical Bleeding B Membrane Oxygenation
Adj OR (95% CI) Adj OR (95% CI)
H Age (by 10 years) W 0.99 (0.94, 1.04)
»

J ,%g % gg. 11 2993 & Female sex ot 1.06 (0.89, 1.25)
0.99 (085, 1.16) = *Black H— 147 (091, 151)
0.91(0.73, 1.14) —y *Hispanic e 1'83 ﬁg.g, 1_423;
0.80 (0.70, 0.92 - “Asian —— 02(081, 1. ; %
A Eo.es. 1.05; PFS oL Siarrast e 1,02 (0.86, 1.20) Variables OR (95% CI) P Value
0.99 (0.97, 1.02) Weight (by 10kg) - 097 (0.93, 1.01) Posteardioton: 198 (1.08-3.62 02
0.93 (0.90, 0.95) pH (by 0.1) " 0.88 (0.84,0.92) pH 015 (0.021.04) 05 243 VA-ECMO
0.89 (0.66, 1.19) Liver Failure —t—t  111(070,174) Body mass index, kg.m™ 0.91 (0.85-0.98) 01 UFH : anti-Xa 0.15-0.3
130 (114, 148) Renal Failure e 1.15(0.93, 1.43) ' o o
096 (0>85' 1’09) Respiratory Failure ey 130 (1.07, 1.59) Hemoglobin, g.dL- 0.80 (0.70-0.92) 02 _ ELSO cr{terla
189 (1'69' 2'11) Central cannulation —e—f 0.81(0.66, 1.00) Fibrinogen, g.L™! 0.67 (0.52-0.85) .01 Major bleeding : 46%
1115 (1.04, 1.27) PMP oxygenator —— 0.95 (0.80, 1.12)
1.06 (1.05, 1.07) Time on ECLS (by 1 day) 1 1.07 (1.06, 1.08)
0.93 (0.91,0.96) L] Year of ECLS (by later year) o 0.95 (0.91, 0.9_92
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@
Ellouze et al. Ann Thorac Surg 2021111623-8
Chung et al. JACC Heart Failure 2020




& Annals of Intensive care 1schemic and hemorrhagic brain injury
during venoarterial-extracorporeal membrane

@ Annals of Intensive Care Predictive factors of bleeding events
in adults undergoing extracorporeal membrane

oxygenation oxygenation
Factor Univariable analysis Multivariable analysis
OR[95% CI] Pvalue OR[95% CI] Pvalue
Age»53 years 06(02-15) 03 M VA-ECMO + 38 VV-ECMO
[Female sex 302731 002 29(010-75] 003 ] .
i istry o sk 2097092 o UFRISE=NT -0
SAPS Il at ICU admission = 72 12005-28) 08 ELSO criteria - Major bleeding : 60%
Renal replacement therapy 2006-7) 03 ICH: 22% - HR death : 217 (1.07-4.41)
Intra-zortic balloon pump 05[02-15) 03
[Centravafcmo 5000-1221 0007 IEREETE] G008
Cardiac surgery 09i04-231 1
Biology at FCMO onset
e e S . Variable Adjusted odds ratio 95% confidence interval P
pH<732 10[04-26) 1 [Previous day apTT® ]
[Platelets <100 giga/t 4307113 0003 370497 0009 246and <555 135 073-249 033
Bilirubin> 33 pmolL 18(07-48] 03 2562nd <695 145 075-282 026
Fibrinagen <15 g/l 17[05-62) 04 >70s 300 164-547 <001
Prothrombin time <30%* 27107271 007 Previous day anticoagulation 040 024-066 <001
AT, patient/normalvalue ratio > 3 230867 02 RPACTT I score o o0 oo
Hemostasis discrders on ECMO? 878 VA-ECMO Postsurgical ECMO 304 162-569 <c.:’
Pletelets< 100 x gigalL. 1204-43] 1 UFH :aPTT-R1.5-2
Prothrombin time <30%* 20[08-50) 01 ICH : 2%
fibrinogen<15g/L. 19[07-49) 02 . : L o
aPIT, patient/normal-value ratio >3 1104-31) 08 Hospital mortality : 90%
€ Guennec et al. Ann. Intensive Care 2018 Aubron et al. Ann. Intensive Care (2016) 697
ASAIO Journal 2022 Guidelines

L'anticoagulation: coupable idéal ?

2021 ELSO Adult and Pediatric Anticoagulation Guidelines

At BV, McMiciing,* LiNnsay M. Ryeson, ¥ DAmiAN RATANO,#§ EDny Fan, Davin FARAoN, § D Gatl M. Annictil]

« Anticoagulation is necessary for most pediatric and adult extracorporeal
membrane oxygenation (ECMO) patients to prevent circuit clotting »

Mc Michael et al. ASAIO Journal, March 2022 - Volume 68 - Issue 3 - p 303-310

Anticoagulation in adult patients supported with

N extracorporeal k id: from the
I Scientific and Standardization Committees on Perioperative
ntemationlSoctycn and Critical Care Haemostasis and Thrombosis of the
b ond osmeetce

International Society on Thrombosis and Haemostasis

« We recommend the use of intravenous unfractionated heparin for
anticoagulation during ECMO support »

« We suggest against the routine use of no
anticoagulation for patients on ECMO »

Helms et al. 1 Thromb Haemost. 2023 Febi21(2):375-396

Risk Factors of Bleeding in Patients
Undergoing Venoarterial Extracorporeal
Membrane Oxygenation

THE ANNALS OF
THORACIC SURGERY

243 VA-ECMO
UFH :anti-Xa 015-0.3
ELSO criteria

Major bleeding : 46%

Ellouze et al. Ann Thorac Surg 2021111:623-8




Low-Dose Versus Therapeutic Anticoagulation
in Patients on Extracorporeal Membrane
Oxygenation: A Pilot Randomized Trial

Pilot RCT
Low dose UFH : aPTT <45s
Therapeutic UFH : aPTT 50-70s

Nt eligile (60 VA ECMO and 13 W ECMO)

50 Indcaton fo full systemic antcoagaton (4 VA nd 2 )
nd W)

Venoarterial-Extracorporeal Membrane

Oxygenation Without Routine Systemic

Anticoagulation Decreases Adverse Events
Katherine L. Wood, MD, Brian Ayers, MBA, Igor Gosev, MD, Neil Kumar, MD,
MD

Amber L. Melvin, MD, Bryan Barrus, MD, and Sunil Prasad,
Division of Cardiac Surgery, University of Rochester Medical Center, Rochester, New York

'Total ECMO Patients|
N=470

. . . . Adult VA-ECMO
Lowdosell IiTherapettic Since 2016 : no systematic anticoagulation Sp——
P-value o o h -
n=16 n=16 Except if circuit flow <2L/min
Bleeding 7 (43.8) 7 (43.8) > 0999
Excluded for
Patient _ 3(19) 4 (25) 067 Active Bleeding
thrombosis N=44
Circuit ” o
el 4 (25%) 2 (13%) 037
N
(AC Cohort) (no-AC Cohort)
N=131 N=72
Aubron st al. Crit Care Med. 2019 Jul47(7):e563-571 Wood et al. Ann Thorac Surg 2020
No. Pooled Estimate 95%
Variable* Anticoagulated (N = 131) Not Anticoagulated (N = 72) P Value e " Bvents | (%) o )
(""‘"’1 Z :::: :; ::2 '22: Overall population 1273 5006 40 a6-a4 o712
‘Cardiac tamponade 120) 50) :,,:]2 Overall population by formal 4543 1863 4 30-48 9066
Gastrointestinal 19 (15) 66 266 gefinitions*
i‘"&‘:} site ‘5'(‘3) ; g; 15;:0 Heparin 12183 4848 36-45 9739
e X
Pulmonary 806 3@ 750 Bivalirudin 130 51 28-58 6450
24 U PRBCs within 24 hours 31(24) 15 (21) 727 No anticoagulation 251 84 18-68 9356
Other 3 1(1) 1.000
[ — = ;z) B (‘1_3)) 152 Monitored by APTT* 5463 1716 39-58  89.43
Pump failure 0(0) 0(0) 1.000 ~ Monitored by anti-Xa® 1051 483 30-58 8943
Oxygenator failure 30) 00 554 Meta-analyse
Circuit clots 2Q) 0(0) 540 159 études
Stroke - 1: g;) ig; ﬁ‘; WE21ex2 Subgroup n No.Events  Pooled Estimate (%) 95%Cl I (%)
Limb isc] i
Pulmonary embolism 30) 0(0) 554 Overall population 6505 952 7 14-19 9260
Intracardiac 7 1m 264 Heparin 5968 901 15-22 9312
Oth 131 131 1.000
o i i = -
cparin-i
No anticoagulation 58 1 0-13 769
Monitored by APTTH 1621 326 16-29 90.74
Monitored by anti-Xa* 903 204 15-27 7979

( Attention : median time on ECMO 160h vs 70h ! )

Wood et al. Ann Thorac Surg 2020

R.Viok et al. Critical Care and Resuscitation 2024

UN PROBLEME D'HEMOCOMPATIBILITE !

COAGULATION

FLUX CONTINU

ENDOTHELIUM

BIOMATERIAUX
CHIRURGIE / CE

LEUCOCYTES

PLAQUETTES

WILLEBRAND

HYPOXEMIE / CHOC
ANTITHROMBOTIQUES

CYTOKINES

Doyle et al. Front. Med. 2018
Millar et al. Crit. Care 2016

DEFAILLANCES
— THROMBOSE
HEMORRAGIE




15 Hit 2 Hit! Blood returns to the body after
(Primary disease burden) (ECMO) the 2% Hit'
First blood-ECMO o
biomaterial contact 7
(Cannula & circuit tubing) ECMO pump
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Ki et al. Front Immunol. 2021

ECMO et Plaquettes

100
. 80+ Severity of thrombocytopenia
S (x10°L)
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Opfermann et al, Crit Care Med 2016

ECMO et Plaquettes

in patients

in vitro & in animal
models r
)
mock
cir(iulatury
.

v

LowHigh

ECMO et Willebrand

Low Pulsatility

I—
\MTSI3
Cleavage

Pump

VWF Fragment

Willebrand acquis sous ECMO :100% ! ]

e
relesetell o FAST CLEARANCE HMW Multimers
{ §‘7 platelet of platelets subjected to Loss
/ removal Iggvs ear rates
< of GPIba-neg platelets
Rauch et al. Circulation Research, 2023133182684 et et ol sacc 2018
- Un réle de la fibrinolyse ?
ECMO et endothélium Y
- . Non-bleeding
- ok . . o Bleeding patients
i g L g “ D-dimer
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- o . . e WV et VA
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+ 38 severe hemahagic
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Nesseler et al Intensive Care Med. 2024 NoviSO(11) 19291930, Helms et al. Anesthesiology 2024




Arrét des AAP/HNF

Activation de la coagulation

Microthrombi
Macrothrombi | Inflammation ad

Dysfonction d'organes

« Coagulopathie »
Dysfonction plaquettaire
Fibrinolyse secondaire

Consumptive coagulopathy: how low-dose
unfractionated heparin can prevent bleeding
complications during extracorporeal life
support

Chitonbe Vinder ks Thoeas Wl rd ¥ Pl

- N —

Therapeutic Unfractionated Heparin ,

o 3
R o =
ae, RN
" |
nEe i
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Low consumotion o plateets. farmogen and lttin factrs
g o dotg (e
i kol becdie

e

i - U=
Fibrinogen 4 - I t/=
Platelets i = | t/=
T T S S N —
X <0tsUfml | <oisW/ml__ 0305/l
T 16 T i
Thrombosi i - | i

Arrét des AAP/HNF

Saignement

Microthrombi

« Coagulopathie »
Macrothrombi | Inflammation -

Dysfonction plaquettaire
Fibrinolyse secondaire

Dysfonction d'organes

COMMENT FAIRE EN PRATIQUE ?

&
ASAIO Journal 2022 N\ ) Guidelines

.

2021 ELSO Adult and Pediatric Anticoagulation Guidelines

Al B.V. McMIciiag,* LINDSAY M. RYERSON, T DAMIAN RATANO, #§ EnDY FAn, ¥ Davin FARAoN 9 ann Gan: M. Annici|

AVIS D'EXPERT RNE

niveau de preuve faible anti-Xa 0.3-0.7 IU/mL

Me Michael et al. ASAIO Journal, March 2022 - Volume 68 - Issue 3 - p 303-310

u Anticoagulation in adult patients supported with
extracorporeal if id: from the
I Scientific and lardization C i on Peri i
Intemational Sccietyon and Critical Care Haemostasis and Thrombosis of the
Thanbass and Koo

International Society on Thrombosis and Haemostasis

AVIS D'EXPERT HNF

niveau de preuve faible anti-Xa 0.3-0.5 IU/mL

Helms et al. 3 Thromb Haemost. 2023 Febi21(2):375-396




En pratique : quelle anticoagulation ?

En pratique : quelle monitorage de I'HNF ?

35
920 30
80
25
70
20
Survey européen 60
26 pays - 99 centres 50 15
40 10
30 5
10 2 “ 2] e e G M
3 [ yo == o o oo A\ 0%
0 — ot “ o
P o™
in n frudin c
Unﬁrac\\nr\ated hepa" Argatrob? givalirud! Other o2
Van Edom et al. . Eur Heart J Acute Cardiovasc Care. 2024 Jun 30;13(6):458-469. Van Edom et al. . Eur Heart J Acute Cardiovasc Care. 2024 Jun 30;13(6):458-469.
H . f HNF sous ECMO-VA
En pratique : quelle cible ?
Alpatens  Postcardo
Characieristos =3 ey T pake
AT atHo (%) s1U0sy  asEess) 584479 o010
. | Tmo-woighiod average o AT @79 e287) 66 6778) o387
TCA a nt'*Xa Time spent <70% 71 (41-100) 78 (51-98) 60 (23-100) 0321
% B ‘ Time spent <50% 1032 18(1-25) 10(0:33) 0850
s » Time to reach first anti-Xa 20.3 IU.mL" (h) 13 (5-31) 13 (5-25) 13 (4-32) 0.949
w s |
. - | % of EGMO time spant n anti-Xa range
3 25 Anti-Xa <0.30 IU.mL" 50 (31-74) 62 (34-78) 44 (29-66) 0216
g 2 | Amxaoso-os0umet s(ess) 2547 16(22:59) 0307
s
% . i T T
0
s AnlXa>0.70 Wt 004 0@ 000 0197
: - . —-— e f— |
o i ol s xo et Number of uniractionated heparin interruptions 1 (1-2) 102) 102) 0636
e ot o 0209 s T o T s
o @ Lt o | iooang %72%) 19 (00%) 17 (69%) 0013
“Thrombosis (without HIT- n=48) 22 (44%) 11(52%) 11(38%) 0.481
Van Edom et al. . Eur Heart J Acute Cardiovasc Care. 2024 Jun 30;13(6):458-469.
TCA : différents réactifs anti-Xa vs anti-Xa
w
Reagent Correlation  Bland Altman aPTT ratios
curve corresponding .
o 00307 g
R slope mean  +/—196 00T
e anti-Xa IU/mL
P ey 1600 o7 s Sans Dextran Avec Dextran
Synthafax 085 27 0 X c
cY( Prest 083 36 057 16-30 g 0.22 IU/mL (<LOQ - 1.84) 0.311U/mL (<LOQ - 2.60)
Cephascreen 079 42 029 1835 £ 1200 + 8
synthasil 085 52 0.5 19-40 El o
Automated 083 65 - 21-47 y g
A §os0 4 H
APTTSP 085 66 005 2046 s S
. 9
APTHS 087 7  —005 21-49 E Z 3 : +53%
Cephen 078 85 027 21-55 400 % Cl 95%: 31-80
AcinfsL 079 9 022 2258
PTTA 082 92 —060 2662 . ;
APTTS 079 93 —031 2360 -
Adinfs 079 101 031 2263 b
Actin 064 107 —029 2366 aPTT (seq)
Cephenls 078 123 —066 2675
Pathromtin 076 21 —199  —102/62 3612 .
E s ™ e Eg
Mean

Gouin-Thibaut et al. Thromb Res. 2012129(5):666-667. Nguyen et al. Crit Care Res Pract. 2021 May 32021:5579936

Lasne et al. Thromb Haemost. 2023




Protocole d'anticoagulation CHU Rennes

Quelle est votre attitude ?

IV UFH

Weight-based nomogram +++
anti-Xa UFH /4-6h

| [ 1 [ 2 | 3 | 4 [

Very high bleeding risk USE;/h 22 26 39 39
UFH interruption

ECMO Flow >2l/min

Anti-Xa

Ul/mL <0,10 <0,10 <0,10 0,27 0,18

Bleeding risk = thrombotic risk Thrombotic risk > bleeding risk TCA ratio 0,96 2,29
anti-Xa 0.15-0.3 anti-Xa 0.3-0.5

Quelle est votre attitude ?

| [ 1 [ 2 [ 3 [ U4 [

HNF
uikgh ¥ 2 28 =2 2 Majorer I'HNF 2
Abandonner ?
Anti-Xa PP
Ul/mlL <010 <010 <0,10 0,27 0,18 Doser / Supplémenter en AT ?
Switcher : Argatroban / Bivalirudine ?
TCA ratio 0,96 2,29
Common Coagulation Pathay Penta  Lowmoleculr-
saccharide  weight heparin

FactorXa

= o=
~ @

Factor Va —»| Antithombin

e o it M v o ...o'“'“o.. 0000® .
-W— T P /

®
l c L (\\\

Antithrombin
Fibrinogen Fibrin Thrombin

Factor Xilla —»|

c-\.a i
ity t \ (\\\ ﬁ

Levy et al. NEIM 2021




Déficit Héréditaire en AT Réponse altérée a 'HNF H Supplémentation }

? ? ?
ECMO > Déficit acquis en AT + Réponse altérée a 'HNF » Résistance clinique

0 £

e

‘ Dosage AT
e

L J
1" Supplémentation AT

A8 J

Déficit acquis en antithrombine

Consommation
D'm'mimo." 2 vie Défaut de synthése Excés d’élimination
Dilution
CIVD
Thrombose extensive, SAPL
CEC, ECMO

Ins. Hépato Cellulaire Syndrome néphrotique

Déficit combiné acquis # isolé constitutionnel (< 80%)
Retentissement du déficit en AT sur la réponse a I'HNF : dépend des tests, de la cause

Balance hémostatique trés différente // variabilité ++ de présentation

Plaquettes

Endothelium
Fvill

Macrophages

INTERACTOME

CHU e ) .
HNF : utilisation d'algorithmes d’adaptation des doses

Posologies IV:
-Bolus initial : 80 Ul/kg (max. 10 000 Ul)

- Débit initial de perfusion : 18 Ul/kg/h

Surveillance:

-Surveillance par la mesure de I'activité anti-Xa HNF, a effectuer 6 h aprés l'initiation de la
perfusion et 6 h aprés tout changement de dose.

- La mesure de l'activité anti-Xa doit étre effectuée au moins une fois par jour.

Garcia DA, Chest 2012; Raschke RA, Ann Intern Med 1993; Rosborough TK, Pharmacotherapy 1999; Smith ML, Am J Health-Syst Pharm 2010;
Whitman-Burves E, Clin Appl Thromb 2018; Jimaja WE, BM) open 2022; Lardinois 8,3 Clin Med 2022




HNF : utilisation d'algorithmes d'adaptation des doses

Zone thérapeutique, anti-Xa 0,33 0,5 Ul/mL

ECMO-VA
Pas de lien entre AT et réponse a I'HNF

. : N PR 1o
Ajustements posologiques (4h aprés chaque modification) -
120 |
o
Activité anti-Xa HNF (Ul/mL) Bolus IVD Ajustement de la dose s Lo
©
<0,10 50 Ul/kg +4 Ul/kg/h g 0 r
2w H 1
010-019 40 Ul/kg +3 Ulkg/h LIS ] r
020-0,29 20 Ul/kg +2 Ul/kg/h F T T
0,30-0,49 - - 20
P
05-059 - =1Ulka/h T EEEEEEEEE §
0,6-0,69 - -2 Ul/kg/h g
Stop Th -3 Ul/kg/h ’g
Anti-Xa : Liquid® Stago, sans dextran
A Randomized Controlled Trial of Antithrombin
ion During E: P | b
Oxygenation
contiol Troatment Multicenter Age indication of
) P Study Studydesign  study  Samplesize stuatfication  ATdose  ATtype  ECMO bias rsk
Primary endpoint Rello 2020 Cohort study yes 9193 <18y NA NA  Cardiac Low
= = == Colman 2019 Cohort study o 123 >18yr NA ATH Other Medium
Hepar infused (/g7 wedan 10R) 151 (107183 1 Viean drference froc e o h = o NA AT Siner Medium
Person-days, 408 Panigada 2020 RCT yes 8 >18yr 260U/d  ATHI respiratory  Low
Secondary endpaints Stansfield 2016 Cohort study no 162 sigyr 1251U/kg AT respiratory Low
[FriFactora (U7mD), modan (OR) 0502051 04(08-05) _Moan diferonce =002 (007 10011065 | Wong 2016__ Cohort study yes 8601 18y NA__ ATW Other Low
e s 5 AT: antithrombin; ECMO: extracorporeal membrane oxygenation; RCT: randomized controlled trial.
Any bleeding (cumulative incidence, %) 12(50) 11(458) OR-085(028-259) 077
Bleeding categories’, n (3%) 010 pilot RCT
7 7G99 4033 e Aattrromtin o arttvombin Rk Ratio Risk Ratio Arasteontn  Noartihvcbm RaskRato.
1 4067 7202 RRR=20 (044-102) 027 VV-ECMO SubuSogun fess To Fums Tl Wil Wi ke 91 iR 5401 st T s T Wt AR, 550
» — s = T . f Nelo20 R d o220 oW w Emon% DBLIE
2 ses) b REGEGODETNEE  Gor Treatment : AT obj 80-120% P R R - Cmmmg W @ % 0N
3 5(208) 1067) RRR=045005-419 048 e R Rt e Vb G 1€ 0 T A% 1611
¥ 2 E . 1 Fagsd (% 1 % 1% ingusn
4 209 162) RRR=035002-565 046 Syt 0 onow wus o wam T [ BN T A
Bleeding, first event (person-days, 95% CI) 0,06 (0.03-0.10) 0.04 (0.02-0.07) IRR =066 (0.29-151) 033 N >
Blood procucts transfusec per day, median (IQR) :;:mum - ot o 1608 080 7085 181 * 5:;.”;:” Ll - v e e
Packed RBCs (U) 06 (0.4-08) 07(03-13) Mean diferencs 023 (-007 10 021) 030 lﬁh:w 5, 2 | ‘ H o o 1
Fresh lrozen plasma (mL) 00(©0-00)  00(00-00)  Meen diferenc 5 (-5237 lo 7786) 069 Tt e 7095 P=13) bl A N T on L5202 Fanasi] Fans )
Platelet pools (U} 00(00-0.1) 00(00-05) Mean dfference = 025 (-063100.12) 018
Thrombosist n () 3028 4067) OR=14031-630 068
Circuit change, first (person-days), 007 (004-0.12) 004 (002-0.08) IRR=050(020-125) 0.4
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Panigada et al. Crit Care Med. 2020 Nov;48(11)1636-1644.

Zeng et al. Ann Med 2025

TR - E

HNF
Ul/kg/h 10 22 26 39 39 -
Anti-Xa
Ul/mL <0,10 <0,10 <0,10 0,27 0,18 .
TCA ratio 0,96 2,29 -
AT 54%

AJ7,I'IDE vous sollicite car la numération plaquettaire ce matin est a 63 G/L
Quelle votre attitude diagnostique et thérapeutique ?
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ECMO et Plaquettes

All Patients

100+
. 80+ Severity of thrombocytopenia
& w20 (x10%/L)
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Opfermann et al. Crit Care Med 2016

ECMO et Plaquettes

in patients

(in vitro & in animal ==
models

o

circulatory
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sGPlba 5%/ platelet v of platelets s
\/ removal high shear rates

< of GPIba-neg platelets

Rauch et al. Circulation Research, 2023133:826-84

(A J7, I''DE vous sollicite car la numération plaquettaire ce matin est a 63 G/L‘
Quelle votre attitude diagnostique et thérapeutique ?

Y a til une diathése hémorragique clinique ? > NON
Dysfonction de membrane d’ECMO ? > FO2 en hausse a 80%
Défibrination ? > Fg stable entre 3 et 4

Thrombose ? > pas de TVP clinique, plusieurs caillots sur la membrane

TIH?

Diagnostic et prise en charge d’une

thrombopénie induite par I’héparine

Propositions du Groupe d'Intérét en Hémostase Périopératoire (GIHP) et du Groupe

2019

Francais d'études sur I'Hémostase et la Thrombose (GFHT)
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‘Thrombosis Warkentin et al.J Am J Med 201
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Quand suspecter une TIH ? ;‘9‘ D
Thrombopénie*
14- 714 Suspicion de TIH
diminution de la numération plaquettaire initiale > 50%
30-70 G/L
Evaluer la ¢ Rechercher la thromb
Complications thromboemboliques sous héparine
Thromboses veineuses des gros vaisseaux : membres inférieurs, embolie pulmonaire
Thromboses artérielles périphériques
AvC
X i o X i Calcul du score de 4T
Autres vaisseaux : sinus cérébral et veines splanchniques
iagnostic et prise en charge d'une thrombopénie induite par 'héparine
*En I'absence de cinétique, éliminer une fausse thrombopénie Propositions du Groupe d'Intérét en Hémostase Périopératoire (GIHP) et du Groupe Francais d'études sur I'Hémostase et la Thrombose (GFHT)
ECMO et Plaquettes
All Patients
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IMPORTANCE DU BINOME CLINICIEN-BIOLOGISTE Opfermann et al. Crit Care Med 2016
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before ECMO end of ECMO
Vayne et ol Thromb Haemost 2019
Quand suspecter, comment diagnostiquer ?
Thrombose ————————— 6.63 [0.90-49.00)
ici —_— P A
Suspicion T Suspicion fréquente
0.75[0.22-2.51]
TH confimée 8- Un score 4T <4 et une DO EIA <0,4 permettent d'exclure la TIH
0 5 10 15 20 25 30
Incidence (%) . . . . . < .
Déces 1.0810.53-2.24) Confirmation fonctionnelle obligatoire : SRA / HIPA / agrégations
1071 10° 10* 102
0dds ratio (TIH confirmée vs non-TIH) .
Place pour les tests rapides ?
« Several studies confirmed that there was no significant difference in the PLT
nadir or percentage of falls between patients who were confirmed to have HIT
and patients who ultimately had HIT excluded by laboratory tests »
Song et al Thrombosis Journal 2024

Quelle prise en charge ?

Arréter HNF
L'AVENIR ?

Changer la canule/le circuit recouvert d’héparine (?)

Passer a la BIVALIRUDINE ou TARCGATROBAN




Surface modifications for better hemocompatibilty

PMEA
PRE-ENDOTHELIALIZATION
IDER DEVELOPMENT NITRIC OXYDE OMNIPHOBIC

SELF-ENDOTHELIALIZATION
Ontaneda et al. Front. Med. 2018

NETs
DNA/RNA
Polyphosphates

Plaguette

UFH low-dose ? ]

[ No anticoagulation ? ]

ECMO sans anti-coagulation ?

Feasibility of Venovenous Extracorporeal
Membrane Oxygenation Without Systemic
Anticoagulation

Chitaru Kurihara, MD, James M. Walter, MD, Azad Karim, MD,

Sanket Thakkar, RRT-ACCS, Mark Saine, PA-C, David D. Odell, MD, Samuel Kim, MD,
Rade Tomic, MD, Richard G. Wunderink, MD, G. R. Scott Budinger, MD, and

Ankit Bharat, MD

Venoarterial-Extracorporeal Membrane
Oxygenation Without Routine Systemic
Anticoagulation Decreases Adverse Events

Katherine L. Wood, MD, Brian Ayers, MBA, Igor Gosev, MD, Neil Kumar, MD,
Amber L. Melvin, MD, Bryan Barrus, MD, and Sunil Prasad, MD
Division of Cardiac Surgery, University of Rochester Medical Center, Rochester, New York

Wood et al. Ann Thorac Surg 2020
Kurihara et al. Ann Thorac Surg 2020

[ Direct Thrombin Inhibitors ]

[ Argatroban ] [ Bivalirudin ]
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Argatroban versus ' '

heparin in patients
without HIT during
venovenous ECMO:

: 79% 83%
a propensity-score

matched study et 107

ARGATROBAN HEPARIN

@D Graphic Abstract

42%
€40

Fisser et al. Crit Care 2021

Comparison of Bivalirudin Versus Heparin for
Maintenance Systemic Anticoagulation During
Adult and Pediatric Extracorporeal Membrane
Oxygenation

Comparison of Anticoagulation Strategies in
Patients Requiring Venovenous Extracorporeal
Membrane Oxygenation: Heparin Versus
Bivalirudin*

Rivosecchi et al. Crit Care Med 2021
Seelhammer et al. Crit Care Med 2021

Artificial surfaces
NETs
DNA/RNA

Polyphosphates

X W

[ Contact phase inhibitors ]

00 "¢

Deposition rate (x10%min)

Antibody inhibition of contact factor Xll reduces platelet
deposition in a model of extracorporeal membrane oxygenator
perfusion in nonhuman primates

5C12

Monoclonal antibody
FXII/FXlla inhibitor
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Wallis et al. RPTH 2019

Anticoagulation With an Inhibitor of
Factors Xla and Xlla During
Cardiopulmonary Bypass

Ixodes ricinus contact phase inhibitor (Ir-CPI)
FXla and FXlla inhibitor

Intravenous
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Pireaux et al. JACC 2019
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Agents antiplaquettaires ?

NETs
DNA/RNA
Polyphosphates

Plaguette

Arificial XA
LETTER TO THE EDITOR Grpins | WILEY

Use of cangrelor during venoarterial extracorporeal membrane
oxygenation following percutaneous coronary intervention

Annals of Pharmacotherapy
1-8

© The Author(s) 2021

Clinical Use of Cangrelor After ©The Aoy 20

" e gadeos:
.Percu.taneous C?I:onary Inter_ventlon Sgepubcomfaunspermisions
in Patients Requiring Mechanical

journals.sagepub.com/home/aop
®SAGE
Circulatory Support

Katz et al. Annals of Pharmacotherapy, 55(10), 12151222
Colek, et al. Artificial Organs. doi10111}/aor 13563

P \ PHRC-N IMPACT-VA
" et IMProving AntiCoagulation Therapy during VA-ECMO support
ITERESEET A prospective multicenter, three-arm, randomized, open-label, binded end-point, superioriy tral to assess
ihe effcacy and safety of an anticoagulation stategy using low-dose of UFH or rgatroban compared to
UFH in adult by

e membrane oxygenation

HYPOTHESIS Anticoaguiation using argatroban o lov-dose UFH during adult Va-ECMO could be assaciated with a reduced incidence of major bieeding
complications without increasing thrombotic events, compared to therapeutic-dose UF!

Evaluate the superiorty of an anticoagulation strategy using Iow-dose UFH or argatroban compared to therapeutic-dose UFH on
GRS mposite ranked outcome including mortality, bleeding events and thrombotic events

INCLUSION CRITERIA NON-INCLUSION CRITERIA

S —— History of heparin-induced thrombocytopenia
S Child-pugh score C or ALF (ASTIALT - 20N andjor SOFA score fver=3)
First VA-ECMO run e e
'VA-ECMO cannulation for less than 12 hours. reRECyECERlBreiosphielagdDlCRRZS O
Con(vamdlca(\on for anticoagulation (e.g. overt bleeding, PLT <SOC/L)
Formal indication of therapeutic anticoagulation
Maoribund patient with expected life expectancy <24 hours

ARGATROBAN: target 1 ug.mL" (0.5 - 15 ug.mL) monitored using anti-lla

VA-ECMO
Initiation

UFH: target 0.5 IU.mL" (03 - 0.7 1U.mL7) monitored using anti-Xa

Decannulation
Max 12h

UFH: target 0.2 IU.mL (0 - 0.3 1U.mL7) monitored using anti-Xa

PRIMARY OUTCOME

SAMPLE SIZE
Composite ranked i 1) maj ing (BARC 3) or ) ]
( e e Tl e e ot patents @28 In s arm)

%

Conlusions / Points Clés

- Trés haut risque hémorragique / haut risque thrombotique

Impact majeur morbidité / mortalité

Partiellement dépendant du terrain et du niveau d'anticoagulation

- Coagulation / Plaguettes / Willebrand / Fibrinolyse / Endothelium ...

Recommendations actuelles : UFH, anti-Xa > TCA, cible curative 0.3-0.5

Besoin d'études prospectives +++

Avenir : UFH poso faible ? Pas d’AC ? DTI ? AAP ? Phase contact ?

DU CEC 2025

PHYSIOPATHOLOGIE DE L'HEMOSTASE SOUS ECMO

Alexandre Mansour
Anesthésie-Réanimation CTCV - CHU Rennes
alexandre.mansour@chu-rennes.fr
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