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Extract from the 2022 ESC Guidelines
on cardiovascular assessment and
management of patients undergoing
non-cardiac surgery - Patient Blood
Management

Recommendations Class* Level®
In patients undergoing surgery with expected

blood loss of >500 mL, use of washed cell salvage
is recommended.

It is recommended to use point-of-care

diagnostics for guidance of blood component
therapy, when available.

Mertes PM et al. Anaesth Crit Care Pain Med 2022;41:101059

Guidelines
Guidelines on enhanced recovery after cardiac surgery under
cardiopul y bypass or off-pump™**

R5.2 — It is probably recommended to uss an iMracparative
cell saver to limit red blood cell transfusion in cardiac surgery.
GRADE 2+ |STRONG AGREEMENT)

PRINCIPES (TRAITEMENT SEQUENTIEL)

Systéme aspiratif (vide autonome ou mural) ~ 150-200
mmHg permettant daspirer sang épanché (cristalloides)
dans collecteur rigide ouvert (2500-3600 ml) avec filtration
(40-200 um)

Champ
opératoire

débit de 100 2 150 mI/min (cristalloides hépariné)

Dilution continue du sang recueilli par cristalloides 3 une |

Concentration par centrifugation (2500-5600 trm) des
éléments figurés dans bol (70-225 ml)

Réservoir
filtrant

Lavage 500-800 ml/min (cristalloides 1000 m) ‘

Restitution d'un concentré érythrocytes (Hte 50-60%)
Transfusion au travers filtre anti-leucocytaire 200 um

PRINCIPES (TRAITEMENT CONTINU)

Concentration et
lavage continu (2 50 ml et restitution a
partir de 175 ml)

m
— CATS Fresenius

Haemonetics Elite




Munoz M et al. Blood Transfus 201 1;9:248-6 |

PERFORMANCES COMPAREE DES SYSTEMES

Munoz M et al. Blood Transfus 201 1;9:248-6 |

PERFORMANCES COMPAREE DES SYSTEMES

Parameter Sequestra®  BRAT 20 n Cell Saver®  AUTOLOG®  OrthaPAT* Colleid **
(Medironic)  (Cobe)  (Freseaius) (Meddtronic) i

REC recovery; R 19 5w a ) T 90

WBC remor 3178 0 s 7 7 )

PLT removal; % -9 o 7 9 [ a

TS removal, % % 3] 7 % G|

TP ar ALB removal; % 919 91-93 NA [ 76

[K removal: & () [0 o1 [0 97 NA_ ]

Cytokine removal; % 9 s a5 o195 NA o 0-77

Values are minismum ~maximum interval. CATS: continuous autoera nsfusion systews; REC: red biood cells; WBC: levcocytes; PLT: platclets
PEHB: plasma fres haemaglobin: TP- total peotein; ALB; albumia. NA: not assessed. Refereaces: * (6877), ** (31).

Parameter Sequestra®  BRAT 2* Cell Saver®  AUTOLOG®  OrthaPAT* Colisld **
(Medironic)  (Cobe) (Medtronic) i
RBC recovery; % 6576 .93 9 0 o
WBC removal; % 3-78 n 7 n 0
PLT removal: % 19 o 9 [ a8
PEHB removal; 89 3] 92 % 53
TP ar ALB removal; % 9158 5193 9.9 Na 91 7
K- removal: % 92 o0 50-98 89 2 NA
Cytokine removal; % o5 ] a5 91-95 NA a0 0-77

Values are minismum ~maximum interval. CATS: continuous autoera nsfusion systews; REC: red biood cells; WBC: levcocytes; PLT: platclets
PEHB: plasma fres haemaglobin: TP- total peotein; ALB; albumia. NA: not assessed. Refereaces: * (6877), ** (31).

Waters JH et al. Anesth Analg 2007; 104:684-7

HEMOLYSE INDUITE

Konstantin S et al. Interactive Cardiovasc Thorac Surg 2008;7:759-63

Vitesse de centrifugation et débit de lavage

Increase in pl. in  Relative
Tests from baﬁellne (mg/dL) (%)
Surgical surface at 100 mm Hgt (n = m; 1355 + 359
Surgical surface at 300 mm Hg* (n = 3043 = 60.6
Surgical surface at 300 mm H + d:lulmn (n = 10} 1193 + 150
Beaker at 100 mm Hg (r = 10) %0128
Beaker at 300 mm Hg (n = 10) 639 +152
[[Beaker at 300 mm Hg + dilution (n = 10) 277 = 86 uzl = m\f,

D pensaniad 23 Waan, = som.

o Eviter aspiration -150 a -200 mmHg
o Limiter aspiration simultanée d’air

o Maintenir dilution > 100 ml/h (1 goutte/2 sec minimal)

[ 500 mi/min
P2 50 wimin
B 1000 mimin

Delta free Hb, g/

Delea 1. g1
8

Meybohm P et al. Medicine 2016;95:31(e4490)

Washed cell salvage in surgical patlens
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Al Khabori et al.Vox Sanguinis 2019;114:553-65

Impact of cell saver during cardiac surgery on blood
fi requir :a sy ic review and
meta-analysis

Méta-analyse sur études randomisées (>2010)

Chirurgie cardiaque (PAC isolé et chirurgie valvulaire)

Exclusion chirurgie aorte ascendante et redo (faible risque hémorragique)

Recours périopératoires aux produits sanguins labiles (pas de notion d’unités ni volume)
15 études dans I'analyse finale (n=1727)

Traitement sang épanché + volume résiduel CEC (6 études).

Volume retransfusé 105-715 ml

Al Khabori et al.Vox Sanguinis 2019;114:553-65

Transfusion périopératoire de concentré globules rouges

Etudes récentes 2007-2018

Al Khabori et al.Vox Sanguinis 2019;114:553-65

Transfusion périopératoire plaquettes (I | études)
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. 11,8% CS versus 13,3% control - 0T, 1o

Al Khabori et al.Vox Sanguinis 2019;114:553-65

Transfusion périopératoire plasma frais congelé (I | études)

hom o8t
Jom—— T ot Tshnnt Tt o Tt
e 13,7% CS versus 10,5% non control

Boer C et al.| Cardiothorac Vasc Anesth 2018;32:88-120

2017 EACTS/EACTA Guidelines on patient blood ®L,\,,_“,J
management for adult cardiac surgery
The Task Force on Patient Blood Management for Adult Cardiac Surgery

of the European Association for Cardio-Thoracic Surgery (EACTS) and the
A iation of Cardioth ic A hesiol (EACTA)

Backgrownd.  Cell salvage of operative blood loss and
residual blood from the circuit affer CPB may coniribute to
a reduction in the use of allogeneic bloed products, especially
PRBCs. A specific rationale for cell salvage is its use during
CPHB instead of cardiotomy suction, since the retransfusion of
whole blood using cardistomy suction through the BCC may
contribute to systemic inflammation and bleeding.

VOLUME A RECUPERER CONSEQUENT

* Sang épanché du site chirurgical (médiastin,
plévre, rétropéritoine...)

* Volume résiduel de la CEC (500-600 ml)

* Volume du saignement postopératoire (?)




SOUPE INFLAMMATOIRE PERICARDIQUE

Interface air/sang

Activation coagulation (surexpression FT)
Activité fibrinolytique excessive (t-PA)
Produits de dégradation de la fibrine
Hémolyse (hémoglobine libre)

Microparticules graisseuses (dissection sous-
cutanée, sternotomie, péricardotomie, préléevement
mammaire....)

Débris osseux
Héparine
Cytokines pro et anti-inflammatoires

Protéines...

CIRCULATION EXTRA-CORPORELLE

Endothatum vasout

Floxsanguin ACTIVATION DU COMPLEMI

[

AcTIvATIONOE
LAVOIE CONTAGT

Bradykinine

I I e o I

— Voedal

de Haan J et al. Ann Thorac Surg 1995;59:901-7

SEQUESTRATION DES ASPIRATIONS MEDIASTINALES?
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Gibel | et al. Eur | Cardiothorac surg 2013;44:506-1 1

Table 2: Cytokines in cardistomy suction blood and in
the systernic circulstion at the same time paint {n= 25)

Cardictomy Systemic Poplue

suction hlood ciroulation
IL-1Ra [pgimd) 3732 (23-1534) 82 {32-309) <0001
IL-4 [ pgmi] <2 [<2-7.2] =2 =2 043
1L-10 [ pgred] 197 (¢2=113} 31 {<2-122) 021
IL-& I'pg_n'mll 20 (13-257H] 45 {3=11149) <001
THF-i [ pgimil] 23 (2400 2.5 {x2-63] EES
IL-B-1o=1L-T0 ratic 10.2 [1.1=75] 1.7 {02 24] <001

Gibel ] et al. Eur | Cardiothorac Surg 2013;44:506-1 |

AnnThorac Surg 2010;89:1511-7

Table 3: Cytokines in cardistarmy suction blood befane
and after coll-saver processing (n=13)

Before ool saboge After cull wabage [
L-1Ra (pgiml) 260 1,5.5 52E) 73 [28-355) 0002
L ] 42 [¢2-3.0) 018
L0 {pgiml) 17 :,u &2) T (22T o
L5 {pgml) 140 (13-2578) 57 [#1-760) 010
THF-i {pgml) 43 («2-39) %3 [2-15) 0008

Tha values represent the median and rangs.
I irereukin; THF: tumour necross factor,

Cell Saver for On-pump Coronary Operations
Reduces Systemic Inflammatory Markers:
A Randomized Trial

Sune Damgaard, MD, PhD, Claus H. Nielsen, MD, PhD, Lars W. Andersen, MD, DMSc,
Klaus Bendtzen, MD, DMSc, Michael Tvede, MD, and Daniel A. Steinbriichel, MD, DMSc

Departments of Cardiothoracc Surgery, A  the Institute for Inf Research,
Rethpiie Copetogen oo HoopesCopmas s Dok
Table 2. Concentrations of Inflammatory Markers
Cross-clamp After Cardiopulmonary Bypass
Marker Group Induction  Before Afer  5Minstes  6Hous® 2 Hours 72 Hours _lInteractive
Median (IQR) pg/anl
6 Collsaver 005 006 13031 381367 T2(66-168) W(S-15) (784 0
Coatrol  0(O-0) 3008 51(29-116) 228(142-331) 90 (44-190) 44 (29-64)
[ Qe T T ST TS Nean e
Control  TG-8)  BE1) 230538 2(2846) 4202568 1801331 1801026
10 Cellsaver  00-1) 002 60-9) 919 202 00y 0@y 053
Control  002) 10 TE-1D 062 308 306 209
Median (IQR) ng/emL.
TNF-RI Cell saver 09 (08-18) 07 (05-11) 2101528 1901127 17(1227) 15015441 0158
Coatrol  10(08-18) 08 (05-12) 24(1825) 26(1238) 2001129 2401341)
SINERI Coll aver 25(15-29) 16(10-20) 3.0(16-34) 302138 342647 2501639 31758 040
Control  24(16-29) 15(11-15) 28(2334) 35(2735) 44{2845) 33(2046) 36(27-50)
et Coll aver £1(01-02) 01(01-03) 01(01-07) 01(01-02) 0200206 040311 04(0223) 0472

Contral  £1(01-03) 01(01-0) 01(1-01) 01{01-02) 05{03-10) 07(03-14) 04(03-05)




Gibel | et al. Eur | Cardiothoravsc surg 2013;44:506-1 |

IL-6/IL-10

RELATIVE CHANGES OF INFLAMMATORY MARKERS (BEFORE AND

" . AFTER CELL SAVING)
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Figare 1: The mean iL-6-to-IL-10 ratia in patients where cardiotomy suction
blood was either cell sahaged or not before retransfusion. *P < 0.05. The verti-
<al bres represent the standard deviations. Damgaard S et al. Ann Thorac Surg 2010;89:1511-7
Munoz M et al. Blood Transfus 201 1;9:248-61
— —

PERFORMANCES COMPAREE DES SYSTEMES

Parameter Sequestra®  BRAT 2¢ CATS*  Cell Saver*  AUTOLOG®  OrthoPAT* Colleid **
(Medironic) (Cobe) (Fresenius) a i
RBC recovery; % 6576 EI 514 619 " 0 o
WBC removl; % -7 n 45-30 1n-55 i n 0
LT removal; % ER o 92-96 587 9 W 4
PEHB removal; 8 6 65-95 85-93 0 % 53
TP ar ALB removal; % 9758 9193 9.9 NA NA ¥ 0
K- removal: % 9 90 50-98 ol 89 2 NA
Cytokine removal; % 95 s s o158 NA o -7 |

Values are minismum —maximum interval, CATS: contimuous autoera nsfusion system; RBC: red biood cells: WBC: leocvcytos; PLT: plateless;
PEHB: plasma free hasswaglobin: TP total peotein; ALB: albumia. NA: 0ot sssessed. Refereaces: * (68-77), ** (51,

DOLI0S152/TJAR 202221121

Turkishjournal of
Anaesthesiology
Reanimation

Postoperative Atrial Fibrillation Reduced by
Intraoperative and Postoperative Cell Saver
System in Coronary Artery Bypass Graft
Surgery

Original Article

m—

EF, ccion fraction.

Kincaid EH et al. Ann Thorac Surg 2000; 70:1296-300

Processing Scavenged Blood With a Cell Saver
Reduces Cerebral Lipid Microembolization

Réle micro-emboli lipidiques

Morbidité neurologique (ischémie ou dysfonction cognitive) aprés chirurgie cardiaque sous CEC
Dilatation capillaire ou artériolaire (small capillary and arteriolar dilation SCADs)

Etude expérimentale (comparative moyens de diminuer micro-emboli graisseux)

Filtre artériel versus cell saver

SCADs/cm?
8

B PL PLPS PLYB M MiF  F  FilF

Arterial filter Cell saver process

AnnThorac Surg 2003;75:555-9

Elimination of Fat Microemboli During
Cardiopulmonary Bypass

Aditya K. Kaza, MD, Jefirey T. Cope, MD, Steven M. Fiser, MD, Stewart M. Long, MD,
John A. Kern, MD, Irving L. Kron, MD, and Curtis G. Tribble, MD

Fat micro emboli in processed blood

Small (10-50 meter;

Pericardial blood 4.00 (saturation)

Cardiotomy group 3.430.20
Cell saver group 3.330.33
Dual filtration 0.670.21

Arterial blood 1.86:£0.14 only for cardiotomy group

Large (> 50 um in diameter

Pericardial blood 4.00 (saturation)

Cardiotomy group 2.570.30

Fat microemboli after il red O staining

Cell saver group 1.50£0.22

Dual filtration 00

Arterial blood 1.00£0.38 only for cardiotomy group




Klein AA et al. Anesth Analg 2008 107:1487-95

A Randomized Controlled Trial of Cell Salvage in Routine
Cardiac Surgery

Etude randomisée (n=213)

Chirurgie cardiaque non urgente (PAC, valve, combinée)

Cell saver pour sang épanché et CEC (+ postopératoire) vs contrdle

Volume ré-infusé 342194 ml

Control (n = 111) Cell salvage (n = 102) P

Wahba A et al. Br ] Anaesthesia 2025;134:917-1008
——

CARDIOVASCULAR

2024 EACTS/EACTAIC/EBCP Guidelines on cardiopulmonary bypass
in adult cardiac surgery

Table 48

Recommendations Class * Level © Ref ¢
Discarding shed mediastinal blood should be considered. lia B

Processing and secondary filtration of red blood cells, for example by use of red ™ B

blacd cell salvage, should be considered to decrease the deleterious effects of

Number of patients (%) requiring 36/111 (32%) 33/102 (32%) kEliiied fis6d Clid.
any RBC or FFP or PLT*
Relative risk 1.00 (95% C1 0.63-1.60)
RBC
Patients requiring RBC 33 (30%) 31 30%)
Total units in 25 u 088 Table 56 i residual blood
ol anit i fet & 2 2 051
tal units in first 2 . T C
Total units =6 h 5 » o Socommendations izos Rz et
Total 100 7 032
i " 7 circuit at the end of the proce ' c
- Belitivg ik (00 (% LY USE-LL0). i# recommended a5 a part of 3 bload management proramme to minimize
3 - . " allogeneic blaod transfusions.
Phliesid insuiing PP gl e e volume of the CP the  ma e 823,027,829
units transhuse 2 3 . i
et S L0 (8% 8 LT 00) rocadu should be considared o minimiza the sk o allopsneic bood
LT
Patients requiring PLT 5(%) 6(6%) 089
Total 1 7 019
Munoz M et al. Blood Transfus 201 1;9:248-61
§e
2| Moins de plaquettes PERFORMANCES COMPAREE DES SYSTEMES
Sy . .
3 Parameter Sequestra®  BRAT 2¢ Colleid
S (Medironic)  (Cobe) i
i3
= - _ o RBC recovery; % 6576 EI o
Teve massismnt WBC removal; % -7 n 0
PLT removal; % 5.9 o8 s
3= PEHB removal; 8 3] 51
3 TPaALBrmk® 9% 919 7
3 " : S T - removal; % 0 o [
Se Moins de fibrinogéne K removal o NA
H Cytokine removal; % o5 5 a5 9198 NA a0 %0-71
§ = Values are minismum —maximum imerval. CATS: continuous autotra nsfusion systees; RBC: red blood cells; WBC: loococytes; PLT: plateless
§ PEHB: plasma free hasmaglabin: TP total peotein; ALB: albumia. NA: not sssessed. Refereaces: * (68.77), ** (31,
ie
1hou anoun saon
T d messurenant
Adam EH et al. Anesth Analg 2020; 130:1389-95 XieY etal.Int | Med Sci 2015;12:322-8
Etude prospective randomisée (n=150) End of surgery
Chirurgie cardiaque sous CEC a risque hémorragique -
A pirinogen Concentration B i Actiity c Y Activity D A (aorte, combinée, redo,...) -
x ) o - .
. » . Cell-saver pour sang épanché et volume résiduel CEC
_____ a0 ® "
PR PR R » a0 Critéres de jugement: transfusion, coagulation
20 _ E . - conventionnelle et thrombo-élastographie
» a0
’ Avce Fics | FiRec o Varable Cony g.n;;l.c Pvalue A B C 0 E T
REC
E — G H peoportion 52754 iz
ity Antithrombin Ac VIVE Acth VWF Antigen Act
- in Activity ity igen Activity quantity (U} SR o 24 hours after surgery
: " i - oon
gty {inl) 13N 075 . " ¢
= peoportion a3 05w
- -——— FLT
L J— quantity (U) ) 190 0sn
propartion 16022) 14185 0627 »
=) Dt e presemtoc s ran (50 o rumber (peesentage).
raics  ranmmc arrn . X . L
Incidence du saignement excessif (définition?) était
significativement plus élevée dans le groupe CS
A 8 ¢ o & 1
(p=0,034)
« y10330% hypocoagulabity for low platelet,
ypocoagulabilt for low fbrinogen, D= hypocoagulopathy for
Palla R et al., Peyvandi F, Shapiro AD. Rare bleeding treatment. Blood 2015;125:2052-61 o cotang fctr e T ressons |

low clotting factors, E= hyperfibrinolysis, T= any reasons




Hépariniasation résiduelle?

Anaesthesm

Journal of the Association of Anacsthetists of Great B

A quality assurance programme for cell salvage in cardiac
surgery

A. Kelleher," S. Davidson,? M. Gohil,> M. Machin,? P. Kimberley,* J. Hall® and
W. Banya®

200 2002 2003 2004 2005 2006 2006 2007
Brar BRAT BraT Brar BRaT BraT Hess Hess
Pre-wash heparin 412582 510586 88@S127 4008137  52(3791 664284 5301390
concenaton; Ui” 10-116) 120-202) 12:8-202) 10-17.6) 10.6-16.4) 211D 140-120) 106136
Postwash heparin 20004 020105 040223 030205  02(004 03005 0400207 00002
et o 10990 (0-1.7) 0-1.7) (0-08) (0-1.7) (0-06) 10-25) 10-04)
102-4.0) 10.1-10.1) 102-9.4) 104-29) 103-84) 103-29) 103-07) 103-17)
Foswah ol 030308 03G310 040307 070511 G051 080314 630304 030503
01-26) [0.1-65) 10.1-23)) 102-25)) 10352+ (03-18) 103-27)¢ 103-05¢
Pre-wash H; g d” 73485 80(5589 4401982 9068117 614580  81@096  68(5585 520181
(26-17) 115-11.3) 23-111) 24-256)) 125-13.0)) 25-100) 01596 (1459
Postwash Hb; g.dl”! 196167222 190(163-208 1725136208 185 (150216  203(171225  184(181-208 183 (169195 173 (164-18.0
29255) (562440 263701 (85-254) 1103-26)) ea21s)  (ns24s)  (151-195)

Safety of Salvaged Blood and Risk of
Coagulopathy in Cardiac Surgery
Domenica Paparella, MD'  Richard Whitlock, MD, PhD?
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)uwmwwn—lhwu-—rumnum:mum emn i Marsy Gk <ov 13, 0000 o,

Abstract
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e and 1 reduce the need of homologous blaod transhusion, Direct cardiotamy
suction from the surgical field and unprocessed blaod retransfusion ks 3 common
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setivation o
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Keywords e e s S e
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Récupération sanguine par filtration tangentielle

aesmont | Blood transfer
Nouveau dispositif d’autotransfusion innovant par filtration tangentielle (iISEP .
-
France) ] itiges 5%
Gotutesblines
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Mansour A et al. Anesthesiology 2021;135:246-57

Mansour A et al. Anthesiology 2021;135:246-57
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FIRST IN MAN STUDY (TRANSEP)

MULTICENTRE (NANTES, RENNES, BDX, HEGP)

Table 4. Veting Rafomence

Table 3. Cell Recovery Rerformance

Rasma Components. Al Patients (n = 50)
e
Characteristics Al Patients (n = 50) Rttt ererose Unt SE:@%
Red blood cells: h‘m’“’:% oo
Pretreatment conosrtration, 10%/1 184(1.53-204) [ ) puties
o 0 AT04443496) - sy
Recovery, % 861808916 | e 20518
Flades o 2507
etemen arcertraton, 1091 260 == Sussn
Recovery, % Dauas) | fireionie Saacs
\sooes T Sl
Pretreatment concentration, 101 35(23-5.1) e, vt
101 102041401 | e oraiam
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ETUDE COMPARATIVE : COMBINED PLATELET AND ERYTHROCYTE

AUTOTRANSFUSION DURING CARDIAC SURGERY (COLTRANE) TRIAL

Etude prospective randomisée multicentrique francaise

Comparaison de récupération sanguine peropératoire
centrifugation versus filtration tangentielle

Compétence hémostatique périopératoire (Universal
Definition of Perioperative Bleeding)

Début juillet 2024 (405 patients inclus)
Ouverture des centres en cours (7/10 centres ouverts)

Fin inclusions décembre 2025

CONCLUSIONS

Récupération sanguine peroperatoire par centrifugation permet une épargne de CGR

Epargne d’autant plus conséquente que volume traité est important (>1000 ml)

Intérét limité chez le patient a faible risque hémorragique (collecteur seul mis en
place?)

Traitement du saignement épanché et de la circulation extra-corporelle permet de
limiter la réponse inflammatoire et pourrait améliorer le pronostic de nos patients

En diminuant la charge en micro-embols graisseux, le cell-saver pourrait avoir un
impact sur les complications neurologiques post CEC

Récupération sanguine étant exclusivement limité aux GR, le traitement d’important
volume sanguin peut s'associer a des anomalies de I'hémostase qu’il faut savoir
déceler et traiter (idéalement préventivement)

Mécanismes multiples (pertes de facteurs, thrombopénie, héparinisation résiduelle...)

En récupérant les plaquettes la technologie de récupération sanguine par filtration
tangentielle pourrait limiter ces anomalies de I’'hémostase et ainsi améliorer la
compétence hémostatique périopératoire du patient a risque (Etude COLTRANE...)







