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Systéme de récupération sanguine
autologue/Récupération de Sang Péri-
Opératoire (RSPO)

Hémofiltration per CEC

Adsorption per CEC

Adjonction de CO2 per CEC

Rationnel

1)Chirurgie sous CEC: hémorragique
2)Transfusion sanguine nocive en elle méme,
couteuse, stocks limités.

Limitation des pertes sanguines (et donc de la
transfusion) si récupération de celles ci en per
opératoire

~Henke PK, McKeown E, et al. A case-cohort study of postoperative myocardial infarction: impact of anemia and cardioprotective medications.
Surgery 2014;156
-SHANDER A, HARE GMT. What is really dangerous: anaemia or transfusion ? Br J Anaesth 2011

Conflit d’ interet

Aucun

Récupération de sang
périopératoire (RSPO)

T

Permet d’administrer par voie intraveineuse au patient son propre sang
récupéré dans le site chirurgical ou la plaie postopératoire lors d'une
intervention chirurgicale hémorragique.

Elle fait partie des techniques d’économie du sang qui permettent d'éviter
de recourir au sang homologue.

HAS - Service évaluation médico-économique et santé publique — Juillet 2006

Principe RSPO per CEC

1) Aspiration « directe », non lavée ni
centrifugée:

-Cannule du chirurgien directement reliée au
bol de CEC, pas de traitement du sang autre
qu’une filtration passive (20 a gopm).
-Reperfusion du sang total (avec facteurs de
coag, plaquettes mais aussi débris
cellulaires+++ et facteurs de I'inflammation)




Principe RSPO per CEC

1) Aspiration « directe », non lavée ni
centrifugée

2) Aspiration « traitée», lavée et centrifugée:
deplasmatisation du sang aspiré avec
concentration des Erythrocytes, pertes des
plaquettes, des facteurs de coagulations mais
aussi d’une partie des débris cellulaires.

Dualité

1) Aspiration directe

Sang total

Principalement pour I'extravasation
«immédiate »

Eviter d'aspirer de la « soupe inflammatoire »
(ex: sang stagnant dans le médiastin)
Aspiration sur tubulure de petit calibre
responsable en elle méme d'une
inflammation importante

2) Aspirations lavées/centrifugées

Principe

2) Aspirations lavées/centrifugées
Recommandations

https://www.youtube.com/watch?
v=01Q630ev6kc

2017 EACTS/EACTA Guidelines on patient blood
management for adult cardiac surgery @

Domenico Pagano =4, Milan Milojevic, Michael | Meesters, Umberto Benedetto,
Daniel Bolliger, Christian von Heymann, Anders Jeppsson, Andreas Koster,
Ruben L Osnabrugge, Marco Ranucci ... Show more

Author Notes

European Journal of Cardio-Thoracic Surgery, Volume 53, Issue 1, January 2018, Pages

The routine use of cell salvage
should be considered to pre- lla
vent transfusions.

JMR ‘&'

® SFCTCV

RECOMMANDATIONS FORMALISEES D"EXPERTS

H Question 2. L'utilisation d’un systéme de sanguine ire pendant la a
chirurgie a-t-elle un impact sur la de icati P P ires ou sur la =
durée d'hospitalisation ?

Experts : Guillaume LEBRETON (SFCTCV, Paris), Bertrand ROZEC (SFAR, Nantes)

R5.2 — Il est probablement recommandé d'utiliser un systéme de récupération sanguine
ératoire pour limiter la ire en chirurgie cardiaque.

GRADE 2+ (accord FORT)

CAY SN

RFE commune SFAR - SFCTCV
Société Frangaise d’Anesthésie et de Réanimation (SFAR)
Société Frangaise de Chirurgie Thoracique et Cardiovasculaire (SFCTCV)

2) Aspirations lavées/centrifugées

Transfusion

Nombreux essais cliniques

Cochrane Database of Systematic Reviews
Cell salvage for minimising perioperative allogeneic blood
transfusion
Cochrane Systematic Review - Intervention | Version published: 14 April 2010 see what's new
https://doi.org/10.1002/14651858.CD001888.pubd &

-33 essais de chirurgie cardiaque

-Cell salvage réduirait la transfusion de CGR

-Sans effets secondaires marqués (pas + de reprise chir)

-Etudes méthodologiquement pauvres et hétérogene

Quelle utilisation per op? de toutes les
aspirations? Mediastinales? Circuit de CEC?




>

Impact of cell saver during cardiac surgery on blood
transfusion requirements: a systematic review and
meta-analysis
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2) Aspirations lavées/centrifugées

Transfusion

s Thoree Surg, 2011 Feb;12{2):188-83. doi: 10.1510cvis 2010 251538, Epub 2010 Now 30.

Cell saving systems do not reduce the need of transfusion in low-risk patients undergoing cardiac
surgery.
Prist

63 patients

Retransfusion CS: 461 +/- 174mL

40 Vs 46% de transfusion

Protocoles de transfusion? Taux d'Hb finaux?
nteract Cordbovasc Thorae Surg, 2011 May,12(5).824-6. doi: 10.15104cvia.2010.249136. Epub 2011 Feb 5.

[The use of cell salvage in routine cardiac surgery is ineffective and not cost-effective and should
be reserved for selected cases.

fatiaran §', Melirgy D, Eabri BM. Puilan MD

revenie

n <7% of cases the volume of blood loss was sufficient enough to be
washed and returned. We conclude that the routine use of cell savers in
all cardiac operations affords no benefit and consumes additional

2) Aspirations lavées/centrifugées

Transfusion

J Transi Med, 2016 Jul 29;14(1)228. doi; 10.1186/512967-016-0986-6

Impact of intra-operative cell

J Trans! Med, 201

-Protocole de transfu de CGR et PFC et plq (TEG)

Ivage on blood ion in high-bleeding-risk patients Impact of -risk patients
going cardiac surgery with cardiopul y byp: a prospecti domized and dergoi ndomized and|
controlled trial. controlled
Shen S, Zhang J°, ¥ eng J*, Xie Y3 Shen 8", Zhang
-110 patients Cell Saver vs Control -110 [| Receivedallocatedintervention (n= 5¢)- Received allocated intervention (n=51) «
Didnot receive CS due to equipment « Received CS after surgical request due to
-Ac tran-ex 30m9/kg o -Actr failure (n=1}- heavybleeding [n=d)’
-CS: traitement uniquement du sang mediastinal et pre et post CEC -CS:t | l post CEC
(pas de traitement de I'aspi de cardiotomie ) VS Controle : aspirations (pas ¢ t
S Died within 2ahours post surgery(n=1) Diedwithin 2ahours post surgery(n=1) «
jetees 'PrOt‘| Lost tofollow-up (n = O} | | Lost tofellow-up {n = 0) ‘

l

l

Analyzed (n = 53)-
Excluded from analysis (n =0) «

Analyzed (n= 50)-
Excluded from analysis (n=0)+

2) Aspirations lavées/centrifugées

undergoing cardii

Transfusion

JTmns! Med, 2016 Jul 23;14(1):228. o 10.1186/512967.018.0986-6.

Impact of intra-op Allogeneic blood transfusion during peri-op

controlled trial.
) Variable

Group CS (n=53) Group C(n=50) Pvalue

Shen §', Zhang

RBC

_ Proportion 22 (41.51) 39 (78.00) 0.0002
Volume (U)  2.11 (2.66) 5.40 (3.48) <0.0001
FFP
Proportion 10 (18.87) 9(18.00) 0.910
Volume (mL) 118.76 (253.82) 129.00 (284.92) 0.953
PLT
Proportion 12 (22.649) 10 (20.00) 0.744
Volume (U)  1.81 (3.56) 1.92 (3.94) 0916

Data are presented as mean (SD) or number (percentage)

1-bleeding-risk p:
pective domi;

atients
d and|

T

4 5 min prota
i 0g, 2016 Préop = -
Impact of it patients
going nized and|
controlled { ._ll ’ ..._
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T Post-op Te
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2) Aspirations lavées/centrifugées

Summary of adverse events during post-op

JTransi Med, 2016 Jul 29:14(1)228. 6ok Variable Group CS (n=53) Group C (n=50) Pvalue
Impact of intra-operative  fxcessive bleeding 17 (32.08) §(16.00) 0.038
undergoing f:ardlac SUM Restemotomy 3 (5.66) 2 (4.00) 1.000
controlled trial.
) Cardiovascular failure 6(11.32) 7(14.00) 0.682
Shen §". Zhang.J°. Wano W°, Zheng J
Severe arrhythmias requiring ireatment 4(7.55) 3(6.00) 1.000
Exefsn‘/e bleeding: Myocardial infarction 1(1.89) 4 (8.00) 0.196
-bleeding greater than i
300 mL in the first hour Infection 7(1321) 6012000 0948
after surgery Wound 3 (5.66) 2(4.00) 1.000
-or greatertha‘n 2ml/kg/h Others 401.55) 4(8.00) 1.000
for 3 consecutive hours,
Renal failure 5(9.43) 4(8.00) 1.000
. e failure s. 2(4 .
pas de difference sur les Respieatory fallece 3(3.56) (.00 1.000
reprises sternales Epileptic syndrome 1(1.89) 1(2.00) 1.000
Cognitive decline 0(0.00) 3 (6.00) 0111
Death 0(0.00) 0(0.00)
Donnée manquante: volume traité??
Dala arc presenied a5 pumher (nereeniaps)

2) Aspirations lavees/centritugees

Transfusion

Editorial
More Is Not Always Better: Effects of Cell Salvage in
Cardiac Surgery on Postoperative Fibrinogen
Concentration

Journal of Cardiothoracic a

vd Vascular Anesthesia 34 (2020) 2383 2385

“potential harms on the coagulation system when using
intraoperative cell salvage. In complex cases, excess cell
salvage can only maintain hemoglobinlevels but
significantly alters hemostatic function via the elimi-
nation of platelets and soluble coagulation factors”

2) Aspirations lavées/centrifugées

Transfus

Device salvages and washes g @
F utu T'? red blood cells and platelets @
for autotransfusion X

Editorial > Anesthesiology. 2021 Aug 1;135(2):%

doi: 10.1097/ALN.0000000000003820. { B
» Analyzed cell integrity and function

Combined Platelet and Erytl

Evaluation of a New Filtratic CollSahage Yieds
Autotransfusion Device " g,
Alexandre Mansour, Benoit Decouture, Mikaél Rouss -
Véronique Picard, Alexandre Ouattara, Christilla Bac - -
Nicolas Nesseler, Isabelle Gouin-Thibault o

Res Bicoo Ces. Pangers

Device salvaged red biood cells and platelets
with intact cell integrity and function.

Mansour A, ef al, Avesnasouosy, 2021

2) Aspirations lavées/centrifugées
inflammation/débris

Ann Thorac Surg, 2010 May89(5):1511.7. ol 10.1016/].athoracsur.2010.02.003.

Cell saver for pump y op
randomized trial.

Damgaard ', Ni

y markers: a

CH, Andersen LW, Bendtzen K, Tvede M, Steinbrichel DA

2013 Sep:44(3:506-11. doi: 10.108Vejcts/ez:019. Epub 2013 Feb 12

Cell salvage of cardiotomy suction blood improves the balance between pro- and anti-
inflammatory cytokines after cardiac surgery.

Gabel )", W M, Bengisson A, Jeonsson A
nterac: C 2016 Mar.22(3) 298-304. doi: 10,1093cvis/iv3S5. Epub 2015 Dec 23,
Intraoperative cell salvage during cardiac surgery is with lung
njury.
ngels GE”, van Kiarenbosch J2, Gu YJ2, van Ogveren W*, de Vries AJS

Jeur 3 Corciomorac Surg, 2008 Aar23(4)633-6
A prospective randomised comparison of cardiotomy suction and cell saver for recycling shed
Iblood during cardiac surgery.

", Asowuah EF, Suvama SK, Braidiey P, Hoekingon D, Gooper G

2) Aspirations lavées/centrifugées

Transfusion

ANESTHESIOLOGY

First-in-human noncomparative study of a blood and
platelet recovery device in 50 adult paents.
cardiac surgery with cardiopuimonary bypass

Hypothesis:
Combined Platelet and Q\ i il by
S, . Romoval of >90% heparin

Red Blood Cell Recovery ===« Removal of >75% frea hemogiobin
during On-pump Cardiac Ovserve 0 et tP\”
Surgery Using same™ . Oy
by i-SEP Autotransfusion oot
Device: A First-in-human RBC rocoveryiyda (%) | 6.1 808-918)
Noncomparaﬁ"le Study Posttreatment Het (%) 41, ma.z-afm

Platelet recovery (%) 524(442-60.1)
(i-TRANSEP Study) Postratmen il e @a- 148

wdre Mansour, M.D., Ph.0., Antoine Beurton, M.D.
er, M., Ph.O. and Ph.D.

In this first-in-human stuy, the blood and platelet

- recovory device was abie 1o simultaneously recover
o~ and wash both plateiets and red biood cells for
.PhD wranstusion during cardiac surgical procedures

dre OQuatiara, M.D., Ph.0. Mansour A, et al, Avestesscuoav, 2023

2) Aspirations lavées/centrifugées

Contre indication

Produits que I'on ne voudrait pas retrouver
dans la circulation sanguine....
Antiseptiques iodés, eau oxygénée, alcool,
eau stérile, adjuvants de la coagulation,
Liquide amniotique ou gastrique....
Endocardite?

Néoplasie?




2) Aspirations lavées/centrifugées

Endocardite

2) Aspirations lavées/centrifugées

Concept de réalisation CEC....
Que change l'utilisation ou non du cell saver?

Néoplasie

2011 Update to The Society of Thoracic Surgeons and the
Society of Cardiovascular Anesthesiologists Blood
Conservation Clinical Practice Guidelines—*

Class Ib Jump to Section H %

2) Aspirations lavées/centrifugées

2) Aspirations lavées/centrifugées

Néoplasie
[Survival analysis of intraoperative blood salvage for patients with A PRISMA
review and 1
Wy WW", Zhang WY?, Zhang WH?, Yang L', Deng XQ', Ou MC", Yang ¥X', Liu HB", Zhy T

-17 études inclues (1 seule prospective)
-Pas de différence entre utilisation CS vs No CS

Néoplasie

Macicing (Balsmors), 2019 Jul.98(27).016040, do: 10,108

Survival analysis of intraoperatiy
compliant systematic review and

v W, Zhang WY, Zhang Wh?, Yang L', Dar

Mortalité:

2) Aspirations lavées/centrifugées

Néoplasie

@ (Balimens}, 2010 Jul-BB(27).018040. dei: 10.1007/MD.00000GII00016040.

[Survival analysis of intraoperative blor~ =

lcompliant systematic review and meta rr-
Wi WW", Zhang WY, Zhang WH?. Yang L', Dang XQ". O\
-
=
RECIDIVE:
-

En pratique Cell saver

S’integre dans une pratique globale
d’épargne sanguine

Possible coagulopathie pour hauts volumes
traités (pauvres en plaquettes et en facteurs
de coag et possible quantité non négligeable
d’héparine)

Cancer/endocardites: non contre indiqué
Utilisation pour tous les patients? Quelle
gestion des aspiration sur le champ?




Principe

Hemofiltration

Principe de convection, le plasma sanguin est
filtré a travers une membrane semi-
perméable grace a une différence de pression
transmembranaire.

Les solutés de taille inférieure aux pores de la
membrane (électrolytes, cytokines...) sont
ainsi éliminés avec I'eau plasmatique, tandis
que les cellules sanguines et les protéines de
grande taille, sont retenues par la membrane.

Principe

Elimination de I'eau, des électrolytes et des petites

g molécules fonction:

. 2 -1)Pression hydrostatique

i -2)taille des pores=point de coupure (poids moléculaire <30-50 k Daltons)
' Hemoftre -3)débit sanguin
I

;

I

Quantité de volume ainsi éliminé est nommé: « UF » pour
sortie UltraFiltrat

i - —— 8

40 Entrée

i
4

] Pression hydrostatique
LN

i

Pression oncotigue

Branchement du filtre sur pompe dédiée, intégré au
circuit de CEC

D. Journois in vivo CRRT

{au patient)

X : -Per CEC
Déchets 1% Sang entrant -Perte d'eau et électrolytes
s [ Solution , .
I i L‘l‘,’jnn.) de -hémoconcentration perCE(Q
. rempla- .
o -Perte de poids
Sang sortant
A (au patient) w

Basse pression - Haute pression  (Convection)

assot et GronchiPac 5




A"Y)Hémofiltration « balance Zéro » A'YHémofiltration « balance Zéro »

-Per CEC

-Perte d’'eau et electrolytes
-Compensée par ajout d’'un
Soluté cristalloide
-épuration de hauts volumes
-Pas d’ hémoconcentration
-Pas de perte de poids

-« Renouvellement » plasma
« débarrassé » de petites molécules
potentiellement délétére.

-Per CEC

-Perte d'eau et electrolytes
-Compensée par ajout d'un
soluté cristalloide (ou autre)

B) Hémofiltration modifiée (MUF Indications hémofiltration

Evidentes: Surcharge volémique avec
hémodilution et oedeme interstitiel
(souffrance multi organe), désordre
électrolytique ou élimination d'un toxique
hémofiltrable (taille et liaison protéiques)

-Enfin de CEC

-Perte d'eau et electrolytes
-hémoconcentration post CE(
-débit sang 150mL/min

Supposée: Bénéfice a I"élimination de
molécules pro inflammatoires (majeures
parties des cytokines pro inf ont un poids
B ARG o AR b s moléculaire< point de coupure)

-stratégie diurétique

Littérature hémofiltration A) Hémofiltration conventionnelle

2011 Update to The Society of Thoracic Surgeons and the
Society of Cardiovascular Anesthesiologists Blood
Conservation Clinical Practice Guidelines™*

Conventional ultrafiltration is a method of ultrafiltration used during CPB. One meta-analysis [347], four
randomized trials [348, 349, 350, 351], and two cohort studies [352, 353] report the use of conventional
ultrafiitration in patients undergoing cardiac procedures using GPB. Subgroup analysis of five studies included i
the meta-analysis by Boodhwani [347) demonstrated no advantage in terms of red cell usage or blood loss with
conventional ultrafiltration alone [349, 350, 351, 352, 353]

Pas d'avantage en terme de transfusion




)H filtration conventionnelle

o Cat 2016 Jan-Mar; 114551, co: 10.4103/0671-6764.173010.

Conventional hemofiltration during cardi y bypass

the serum lactate level in|
adult cardiac surgery.
giman R', Eouad E, Beihith M, Abdeimageed 1.

-Etude observationnelle, CEC  pepamine
H 2L Number of patients 96 123 0.001
prog, hy'pOthermle modérée Dose (ug/kg/min) 523:+163  7.95¢4197 0.001
-138 patient avec HF VS 145  Epinephrine
: Nai Number of patients 42 40 0.001
sans (pt‘S $|nl1|la|res) Dose (ugkgimin) 008:002 0.12:0.05 0.001
-HF aprés départ en CEC

Norepinephrine

. 0 Number of patients 16 33 0.001

ROUI‘ OI?J_ Htentre 25 et 3_0A) Dose (ugkgimin) 003:002 005:003 0.008
-instabilité hemodynam|que IABP (number of patients) 17 38 0.015
. . Packed red biood cels (units) 1.55:0.28 278£0.78 0.005

et hyperlactatémie en per et Urine (L) 149:028  3.62:046 0.001
au sevrage dela CEC.... Fluid removal (L) 2564022 » 0.001

)H iltration « balance zero »

2011 Update to The Society of Thoracic Surgeons and the
Society of Cardiovascular Anesthesiologists Blood
Conservation Clinical Practice Guidelines™*

With ZBUF, the ultrafiltrate fluid is replaced with an equal volume of balanced electrolyte solution during CPB.
Patients may benefit from ZBUF through the removal of mediators and products of systemic inflammatory
response syndrome, rather than as a result of fluid removal [356]. Randomized controlled trials investigating
ZBUF in adult cardiac procedures did not demonstrate a reduction in blood loss or transfusion with the
application of ZBUF [357, 358

Pas d’avantage en terme de transfusion

A’') Hémofiltration « balance zero »

A’') Hémofiltration « balance zero »

5 |_PRO |
i oo |_ _ _ _ o _|D R i L4USAD)_
2 Protéine C (T0 kD) IL4 (S0kD)
3 PAI-1(30 kD) Récepteur soluble IL-1 (50 kD)
H TL-10 (40kD)
z STNFRII(J3kD)
0 S TNFRI (30 kD)
TT T T T T T WsasmyT Facew D@ID)| CRP@AD) | |
0 IFN, (@5kD) | MDF (30xD) 1L-1ra 22 kD) £5 kD)
TNF-a (M)(M : 175 kD) ILIP(1TkD)  IL-18 (18 kD)
10 MIFQISKD) | Cascade du complément | | Procalcitonine (13 kD)
IL88KD) (210 kD)
s
1
Cascades de kinine = 1 kD Endothéling I (< 1 kD)
Bradykinine (syssime de comtact]
Lipide (PAF) (< 1KD) <1%D) Cytokines Autres

acide = (<1 kD)

Silvester W. Mediator removal with CRRT (continuous renal replacement therapy): complement and cytokines. Am J Kid- ney
Dis 1997;30(Suppl 4):538-43.

Inflammatory I by bal i ion during i y bypass.

ZBUF

30.95 (4.01
10.63 (137
11.23(1.83]

5.03 (1.28)
263 (0.59)

tance. *Indicates a significant difference from corresponding contro

s { p<0.05).

2015 Now 15182011

Early High-Volume Hemofil .
HEROICS Study.

Cornhe: ot N

-HVHF (80 ml/kg/h maximum-of
8 L/h) VS Standard .
-224 patients choquég™ = e

Variable Early HVHF (n Standard Care (1= Odds Ratio (95% Value
112) 1) a

Early High-Volun
HEROICS Study.

Combes ol N, A




G Rato (99% C1f

(n=112) = 112)

0 o eeitatig o pasens

oMpdl) A0S — . 113021

1024 (e18) 122y e 088 21207

w0 9, 208437.0) . 087 0.40-1.89)
2058 (345 — - 1,08 0.50-2.33

Early High-Volume Hel v 288448, - 1LiB 0
HEROQICS Study. o Lol L
C: 8 (143) 8- > 126 10.29-5.72]
s 29 = a1 050-1.65
CPB duration >120 wn
Yo 238 (0.0 - 117 10.53-2.54]
Mo 1857 31.0) — 01 (0421 98]
sorA X1
Yes 2540 (44 8) e ) — 104 0.44-2 4]
™ 1853 285 - 111053231
Sacm actate 4 mancid
- 2100 5 1841 35 . 138 05304
™ 1973 2.7, 20 M. [ = 77 par-1.59)
wiropi scre 49
e s meen . 092 pao-213
Postopatatis ECMO
1947 404 1852 (8 - 198 057-2.5%
N 218 23 2280 58.7) —— 082 0:90-1.73]
All-cause deeth ot Day 30 40112 (36.0) 40112 26,01 e 1.00 10.58-1.73]
2 ) 3

B) Hémofiltration modifiée (MUF)

2017 EACTS/EACTA Guidelines on patient blood
management for adult cardiac surgery @

2011 Update to The Society of Thoracic Surgeons and the
Society of Cardiovascular Anesthesiologists Blood
Conservation Clinical Practice Guidelines™

Eur J Cardiorh

Surg, 2006 Doc;30(6}:892-7. Epub 2006 Oct 13,

Ultrafiltration reduces blood transfusions following cardiac surgery: A meta-analysis.

Boodhwani M’ Wiliams K, Babaev A, Gill G, Saleem N, Rubens FD
Méta analyse sur HF:
Diminution transfusion en terme de CGR,
PFC et plaquettes dans les études MUF
Etudes « Anciennes » fin go début
2000, hypothermie, cardioplégie importante
en Volume, méthodo imparfaite

AL 2 Xl 14

Indications hémofiltration per CEC

Probablement pas d’intérét en systématique

en fonction du patient:
-Surcharge volémique avec hémodilution et cedeme
interstitiel (souffrance multi organe)
-Elimination d'un médicament épurable (ex:
Dabigatran) ou d'un « déchet métabolique »
-Gestion du volume dans le reservoir de cardiotomie:
un diurétique peut aussi faire I'affaire...

Non prouvée: Bénéfice a I élimination de molécules
pro inflammatoires ..... Et anti inflammatoires

Hémoadsorption Cytosorb /Jafron

Adsorber bead

Section through an adsorber Internal structure

-Cartouche remplie de billes de polymére poreuses
-Adsorption de surface des molécules entre 5 et 60 kDA
-Sur un principe uniquement « physique »

-Adsorption concentration dépendante

-surface d'échange de 4 terrains de foot

-Saturation possible

Hémoadsorption

Intégration circuit

-Faible résistance d'écoulement
-Débit sanguin recommandé
150-500 ml/min
-Préchargé/primé avec une

I's < z \solution saline isotonique

s Y H

Serb ATR witin @ CP8 cireu: DrugSork s egrared s & porch
eult 1 aber the pump in the main CPB circut, and Blced flow

AV

C. Michael Gibson et al




Principe HEmoadsorption

-1a ¢
amonomer Panceeatic Trypsin
monomer
L-1Rg IL-18, Pancreatic Chymotrypsin
Myogiolfin HMGB1
Procakitopln Uif-a trimer
Wep-y "
Il Pancreatic Lipase, Amylase
Con )
Co !
MCP-1 glycosylated Free Hemoglobin
: Gfst Atbumin
Bilirubin / ‘

kDa O 10 20 30 40 50 60 70

Littérature

= Collecting more
Reading the || articles to read §&
articles I've & later
saved

Cytokines

2019.Apr 3:23(1) 108, do: 10.1186/513054-019-2308-4.

Cytokine clearance with CytoSorb® during cardiac surgery: a pilot randomized controlled trial.

3. Da Stefa

A%, Marcuce €42, Roumy A%,

15 patients cytosorb 15 controles, chirurgie réglée
Pas d'effet secondaire délétére
Pas de variation des taux de cytokines ni facteurs coag

CONCLUSIONS: CytoSorb® HA during CPB was not associated with a decrease in pro- or anti-inflammatory cytokines nor with an
impravement in relevant clinical outcomes. The procedure was feasible and safe. Further studies should evaluate the efficacy of CytoSorb®
HAin other ciinical contexts.

Cytokines

The effect of perioperative hemadsorption in patients operated
for acute infective endocarditis—A randomized controlled study

er, Bernd C. Danner, Thorsten Perl,

Silke Asch iR To
ngo Kutschk

21June 2021 | https:/idai.org/10.1111/a0r.14019

Cytokines

The effect of perioperative hemadsorption in patients operated
for acute infective endocarditis—A randomized controlled study

ela Walter, Marc: er, Bernd C. Danner, Thorsten Perl

21June 2021 | https:/fdoi.org/10.1111/a0r.14019

Patients with confirmed IE of any type (native or prosthetic valve) and localization (affected
valve) undergoing cardiac surgery were included in this study and randomly assigned to
either the HA group or the control group. Exclusion criteria were a lack of informed consent,

The primary endpoint of the study was the postoperative course of cytokine levels (IL-6, TNF-
a, IL-1b) and infection parameters (CRP, PCT, leucacytes). Secondary endpoints were the
development of the severity-of-the disease (estimated by the SOFA, SAPS Il and APACHE Il
score), postoperative catechclamine and fluid requirement, the incidence of adverse events
as well as in-hospital mortality.

Cytokines
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HA group Control group
n=10 n=10 P value

Baseline parameters

65 (53-70) 69 (56-81 15

Cytokines

The efl :\.‘\ ) ; L. -:,‘ ’ 5 The effect of perioperative hemadsorption in patients operated
for acu EuwSCORED 8.5(27-164 393 ' for acute infective endocarditis—A randomized controlled study
U\-e:s;n‘ G z : :‘: | Kaufmann, Michaela Walter, Marcus Leistner, Bernd C. Danner, Thorsten Per,
ngo Kutsc
- T 21June 2021 | hetps:Hdai.org/10.1111/a0r. 14019
alves 1E [1 3 1.000 (n =7). All patients survived to discharge. Na significant differences concerning median
Septic embolism [n 4 4 1.000 cytokine levels (IL-6 and TNE-g) were observed between both groups. CRP and PCT
Chromenlo Sk | . . L) baseline levels were significantly higher in the HA group (59.5 vs. 26.3 mg/dL, P = .029
i P % and 0.17 vs. 0.05 pg/L, P = .015) equalizing after surgery. Patients in the HA group
T 582 required significantly higher doses of vasopressors (0.093 vs. 0.025 pg/kg/min
2 0 AN norepinephrine, P =.029) at 12 hours postoperatively as well as significantly more overall
: ! : ':‘ volume replacement (7217 vs. 4185 mL at 12 hours, P = .015; 12 021 vs. 4850 mL at
: 48 hours, P =.015). HA therapy did neither result in a reduction of inflammatory
5 2 350 parameters nor result in an improvement of hemodynamic parameters in patients
2 2 ”:‘m operated for IE. For a more targeted use of HA therapy, appropriate selection criteria are
2 o .
] i required.
Crons clamp time (mizutes) 90 (65-150 18 (60-138)
CPB time (minules) 126 (94-276) 80 (93-219) 963

Cytokines

Cytokines

PAICID: MCH121581
001718 . 34

Cytokine adsorption in patients with severe COVID-19 pneumonia
requiring extracorporeal membrane oxygenation (CYCOV): a single centre,
open-label, randomised, controlled trial

The CYCOV trial was a singl 3 d d lled, parallel group, open-label, superiority trial.
All adult patients (=18 years of agc) admitted to the participating intensive care units (ICUs) of the
Freiburg University Medical Center with reverse transcriptase (rt) PCR-confirmed SARS-CoV-2 infection
who were selected to receive venovenous ECMO were eligible. Exclusion criteria were a known patient

In the intervention group, a CytoSorb adsorber was incorporated into the ECMO system and replaced every
24 h for a total treatment duration of 72 h. Routinely, the adsorber was installed in the ECMO as part of the
system setup before connecting it to the patient circuit, but at the latest within 4 h after initiation of the

The primary endpoint was serum IL-6 afier 72 h of ECMO with or without cytokine adsorption. Secondary
endpoints were ICU survival and 30-day survival, days on ECMO, days on mechanical ventilation, serum
lactate, Willebrand factor, D-dimers, vasopressor dosage, amount of fluid substitution, fluid balance after
72 h, and ial Organ Failure Ass score after 24, 48, and 72 h.21

b

34 patients were assessed for
eligibility
Cytokir

34 patients were randomly assigned

requirit
open-ii

17 received venovenous ECMO with
without cytokine adsorption

17 received venovenous ECMO
cytokine adsorption

1 died before 72 h of venovenous
ECMO treatment

1 died before 72 h of venovenous
ECMO and cytokine adsorption
treatment

analysis

16 were included in the primary ‘

16 were included in the primary ‘
analysis
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PACID: PMCB1 21841
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Cytokine adsorption in patients with severe COVID-19 pneumonia
requiring extracorporeal membrane oxygenation (CYCOV): a single centre
open-label, randomised, controlled trial

Mumber at risk
Contr

Use of intraoperative haemoadsorption in patients
undergoing heart transplantation: a proof-of
concept randomized trial

-Greffe « simple » (ni en choc nien
aigue ni redux)

-Cyrosorb VS standard,
uniquement durant le temps de la
CECau bloc
-majoration anibioprophylaxie per
op

Receved

Standard int
N

2operative care
)

1
Refused 1o consent N s

e

Jse of intraoperative haemoadsorption in patients
undergoing heart transplantation: a proof-of
oncept randomized trial

Critére de jugement principal: vasoactive-inotropic score (VIS)

Patients in the haemoadsorption group had significantly lower VIS than
patients in the control group during the first post-operative 24 h (median
VIS: 27.2 [14.6-47.7] vs. 41.9 [22.4-63.2], P = 0.046, respectively)

[Use of intraoperative haemoa 2
lundergoing heart transplantal ;
concept randomized trial |

[RrET——

se of intraoperative haemoadsorption in patients
undergoing heart transplantation: a proof-of
oncept randomized trial

300 B Control grou

B Hamcasuorton group

Mycophanolic acid (jg/mL}

5 minutes prior to GPB start

Use of intraoperative haemoadsorption in patients
undergoing heart transplantation: a proof-of
lconcept randomized trial
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bble 3 Comparative analysis of secondary cutcome parameters

ameters Control group (N = 25) Haemoadsorption group (N = 30) Pval . y .

ey E, S 120w Tl 508 Ad sorption medicament

t-operative bleeding, mL 570 [385-1305] 565 [350-1130] 0.54.

peration for bleeding, n 2 (8.0%) 0 (0%) 0.20.
IC/post-CPB 24 h, unit 4.0 (0-5.5] 2.0(0-4.0] 0.24

Ypost-CPB 24 h, unit 2.0 [0-3.0] 2.0 (0-3.0] 0.57
{/post-CPB 24 h, unit 12.0 (0-16.0] 12.0 [8.0-16.0] 0.59 a¢ Surg. 2019 Jul;108(1):45-51. doi- 10,1016 athoraceur.2018,12 032 Epub 2019 Jan 23.
MY b £5123-2871 [19-68 8] 00

ute kidney injury stage 1. n* 15 (60.0%) 9 (30.0%) 0.02 Cy rb Adsorption During Emergency Cardiac Operations in Patients at High Risk of Bleeding.|
ute kidney injury stage 2, n” 0 (0%) 1(3.3%) 1.00 N

ute kidney injury stage 3, n* 4(16.0%) 1(3.3%) 0.10 Semabamene t i BTl T e N

ute kidney \»g;?,,,ﬂ . N w: [Irﬁenuﬂ.;i) 1 |0(Jg 7%) guu

rat n (16.0% (0% H +A : H

Cent change In TUET % T2 9T TET24ETTT] o0 55 patients avec CEC urgente traités par Ticagrelor ou Rivaroxaban

ly sepsis, n' 1 (4.0%) 0 (0%) 0.45 . . Py a . .
[ath of KU stay, d 12 185-18.0] 8580 10.3] 0.02 39 patients prospectifs traités par cytosorb VS 16 controles rétrospectifs
hath of hospital stay, day 28 [24-38.5] 25 (22-34.3] 0.23
-day mortality, n 2(8.0%) 0 (0%) 0.20

B cellular rejection

ost-transplant day 7, n 0 (0%) 0 (0%) CA Group WA Group
post-transplant day 14, n 5 (20.0%) 5 (16.7%) 1.00 " y -

ost-transplant day 21, n 5 (20.0%) 5 (16.7%) 1.00 Ticagrelor Rivaraxaban Ticagrelor Rivaroxaban .
Post-transplant day 28, n 6 (24.0%) 10 (33.3%) 0.44 jariables (n=232) n=7 n=11) (n=5) p Value|
B antibody-mediated rejection
post-transplant day 7, n 1 (4.0%) 0 (0%) 0.45! . sin fre s - <
bost-transplant day 14, n 1 (4.0%) 2 6.7%) 1.00 pesmopressin treated 21 (65.6) 4(57.0) 11 (100) 5 (100) 0.4780
st transplant day 21, n 1(4.0%) 3(10.0%) 061 ethoracotomy rate 0 01(0) 40364) 2(40) 00003
Post-transplant day 28, n 2 (8.0%) 1(3.3%) 0.58 prainage volume in 24 hours 350 (300-450) 390 (310-430) 890 (630-1,025) 600 (590-1,000) 0.0037
ta are presented as number of patients (frequency) and median [interquartile range]. N = 55. Of 36 registered cellular rejections, 3 tensive care, days 2(13) 2(2-3) 3(2-4) 6 (5-6) 0.0141
.2%) were confirmed as grade 1R and 1 (2.8%) was confirmed as grade 2R (ISHLT 2005). The registered antibody mediated rejectios Total length of stay, days 11 (9-12) 11 (10-13) 14 (10-16) 18 (18-20) 00244
re confirmed as pAMR 11 (ISHLT 2013),
MO, 3 B, endom; rdial biopsy: FFP, fresh frozen plasma; ICU, intensive care unit: MV, m: H H H H
il ventiatan: PAMR, pathologe antibody mecimted rectiont PLT. piateie iranstusion: PRC. packed re cel RRT, rendl replod Saignement, transfusion et reprises plus importantes dans groupe

nt therapy. t |

ute kidney injury was classified according to Kidney Disease Improving Global Outcomes creatinine-based definition criteria over controle

Adsorption médicament

> Am Heart J. 2021 Nov 1;245:19-28. doi: 10.1016/.ah].2021.10.188. Online ahead of print.

Rationale and design of the safe and timely
antithrombotic removal - ticagrelor (STAR-T) trial:
A prospective, multi-center, double-blind,
randomized controlled trial evaluating reductions in
postoperative bleeding with intraoperative removal
of ticagrelor by the drugsorb™-ATR device in
patients undergoing cardiothoracic surgery within 48
hours from last ticagrelor dose

C Michael Gibson !, Michael J Mack 2, Victoria T Lee 3, David J Schneider 4, Frank W Sellke 5,

E Magnus Ohman &, Vinod H Thourani 7, Gheorghe Doros 8, Hans Kroger 3, Donald E Cutlip 9,
Efthymios N Deliargyris 3

Adsorption antibiotiques

Ann Intensive Care. 2022; 12: 44,
Published online 2022 May 23. doi: 10.1186/513613-022-01017-5

PMCID: PMC9124733
PMID: 35599248

Does the cytokine adsorber CytoSorb® reduce vancomycin exposure in
critically ill patients with sepsis or septic shock? a prospective
observational study

Christina Scharf,' Ferdinand Weinelt,2* Ines Schroeder, Michael Paal,* Michael Weigand,*

Michael Zoller,' Michael Irlbeck," Charlotte Kloft,? Josef Briegel,' and Uwe Liebchen™2

Conclusion Go to: )

The use of CytoSorb® leads to a clinically significant adsorption of vancomycin (max.
572 mg) in critically ill patients with sepsis or septic shock. We recommend the
administration of an additional dose of 500 mg vancomycin over 2 h to avoid
subtherapeutic vancomycin exposure.

Conclusion hémoadsorption

Technique récente

Littérature encore faible pour bénéfice lié a
Iimunomodulation, en chirurgie cardiaque et
chez patients « médicaux », études
randomisées discordantes

Potentiellement intéressant sur adsorption
ticagrelor et rivaroxaban (apixaban?)
Adsorption de médicaments utiles?

Ventilation per CEC

Cours a venir
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Insufflation de CO2

Rationnel

Ther 19, 2006 Nov,132(5)1119-25.

[Short-term in

actlvuy in on-pump and off-pump cardlac surgery defined by
and their relati ip to micr

jor S, Guerrieri Woll L, Pigott D, Matihews PM, Taggart OP.

Abu-Omar ¥,

25 patient avec PAC CEC et 25 cceurs battant
Association entre quantité d’emboles gazeux
(doppler TC) et activation préfrontale a I'lRM
fonctionnel a 1 mois

Rationnel

-Remplacer I'air ambiant dans la cavité
thoracique par du CO,, +lourd + soluble dans le
sang et + rapidement absorbé par les tissus.

-Vise a minimiser la présence de bulles d'air
dans le sang susceptibles de provoquer des
complications de type embolie gazeuse

TABLE 2. Mo

Rationnel

“an Varirich snd e Presimal Parof the Ascorcing Asia

waceen  Gmscomm

Circulation. 2004 Mar 9;108(9): 1127-32. Epub 2004 Fob 23,

Effect of CO2 insufflation on the number and
randomized clinical trial.

Svenarud P', Persson M, van der Linden J.

10 patients CO2 VS 10
controbles, detection
micrembols par ETOau
déclampage (lues en aveugle)

Littérature

Somin Trorac
Carbon Dioxide Insufflation During Cardiac Surgery: A Met: ysis of d C:
Trials.

0 U', Caputo M2, Guida G2, Bucciareli-Dycd €2, Thai /2, Bryan A%, Angeiini GD?

3, 2017 Autumn:29(31:301-310. dok: 10.1053] sarmievs. 2017.06.002. Epub 2017 May 23

o

8 études a la méthodologie différentes+++
Pas de différence sur le déclin cognitif

Rosk Ditecence

Stugy or Subgroup M., Ramdom, 95% €1

Direct visualization of carbon d
Optical and concentration level comparison of
diffusor effectiveness

Stijn Vandenberghe, PhD, David Iseli, BSc, and Stefanos Demertzis, MD

ABSTRACT

Objective: Carbon dioxide field flooding during open-heart surgery is intended to
avoid blood-air contact, bubble formation, and embolism, and therefore potential
neurologic and other ischemic Lumplimuun; The inert gas is invisible, and thus
itsuse and P better insight
in the behavior of the gas via diret and visualizat

of the gas cloud.

Methods: A iransparent reciangular model of the open thorax was created, fore
seen with carbon in2l I and aortic in-
cisions), and placed in an optical test bench that amplifies the diffraction
gmiu.nl- Six dmmm commonly used carbon dioxide diffusors (3 commercial,
re tested with different flow rates of gas delivery (1,4, 7, 10 stan-
dmd liter per minute [SLPM]) and combined with the application of suction

Results: The imaging reveals that commercially availsble diffusors generally
create less turbulent flow than improvised diffusors, which is supported by the
concentration measurements where improvised diffusors cannot generate
100% carbon diaxide atmosphere at the sorta incision location. The atrial
is easier to protect: 0% air with all commercial devices for all flow rate:
than | SLPM. A flow rate of 1 SLPM does not create an inert atmosphere with any
device

Conclusions: The optically observed carbon dioxide atmosphere is unstable
and influenced by many factors. The device used for diffusion and the flow
rale are important determinants of the maximum gas concentration that can
be achieved, as is the location where this is measured. (J Thorae Cardiovasc
Surg 2020;159:958-68)

ide field flooding: ) creex

005 fiow at 10 SLPM iram an improvised delnery
e (1) varsus 2 commarcal dusor .

Central Messuge

O fieM Fooding is not well undersiood. We
provided insight in diffusor cffectivencss via
vissalization and concentration messuremnts
i demonstrated an unstable CO; atmasphere.

Perspect
Many misunderstandings cxist abow CO; field
fooding, muinly becusse the gas cannot be
olserved. This engincering stady lerully re-
veals.the gas behavior, and the observations
e coroborated by imstantancous concentra-
tion messarerents. The reported findiags
shosld be mosdly of iaterest (o cardiae sur-
oo, who can casily improve cercbeal profec-
tion of their mext patiers,

See Commentarics on pages 969 and
970.
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Litterature

Randomized Controlled Trial > J Cardiovasc Surg (Torino). 2022 Jun;63(3):369-375.
doi: 10.23736/50021-9509.22.12004-5. Epub 2022 Mar 28,

Warm humidified CO2 insufflation improves
pericardial integrity for cardiac surgery: a
randomized control study

Reny Segal ' 2, Paul M Mezzavia ', Roni B Krieser ', Shienny Sampurno *, Michael Taylor 3
Robert Ramsay 2 3, Michael Kluger 7, Keat Lee 7 2, Francis L Loh !, James Tatoulis 1 2

Michael O'Keefe " 2, Yinwei Chen ', Teresa Sindoni 7, Irene Ng # 2

Conclusions: Humidified warm CO<inf>2</inf> insufflation significantly reduced pericardial
epithelial damage when compared to dry cold CO<inf>2</inf> insufflation in open-chamber cardiac
surgery. Further studies are warranted to investigate its potential clinical benefits.

Litterature

pen. 2023

Published online

May 17. doi: 10 1136Mmjopen-2023-074221 PMID

Prolocol

Efficacy and safety of carbon dioxide insufflation for brain protection for patients
undergoing planned left-sided open heart valve surgery: protocol for a multicentre,

(5) 074221 PMCID: PMC10193051

Conclusion insufflation CO2

-couramment utilisée pour réduire le risque
d'embolie gazeuse

-preuves de son efficacité en termes de
protection neurologique restent limitées.

-necessite une adaptation du balayage (pendant
et apres)
-perturbe I'utilisation du CO2 gap per CEC
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