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FIGURE 6-1. Interaction of various cell and humoral processes. Reprinted
with permission from BD Spiess: ] Cardiovasc Pharm 27:VI, 1996.
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Inflammation & hémostase

Inflammation pro coagulante
¢ IL6 => Facteurs tissulaire => Activation coagulation
**F 4P <= activation plaquettaire

¢ Down regulation des inhibiteurs physiologiques de la
coagulation (prot C, AT et TFPI)

Coagulation pro inflammatoire

» Facteurs (protéases) => PAR => macrophages (ICAM)
neutrophiles (TNF, IL-1)

» Plaquettes activées => IL-1, ligand CD40 & F4P



Coagulation pro inflammatoire -
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Etat des lieux

Hémostase-inflammation liées a I'age
Hétérogénéité des études pédiatriques
Données rares et contradictoires : AT

CEC, ECMO, VAD : utilisation de matériel non biologique

Sd hémorragiques devenus tres rares malgré |la

complexité des réparations....



Données contradictoires :
AT et CEC
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In 1959, Drs Arthur Keats, Denton Cooley, and Janet Lower antithrombin levels during infant bypass
Telford from Texas Children’s Hospital and Baylor College are associated with lower heparin efficacy and

of Medicine published their landmark article in The Jour- increased thrombin generation.



Données contradictoires :
AT et ECMO

Antithrombin Administration in Extracorporeal
Membrane Oxygenation Patients: Putting the Cart
Before the Horse*

Graeme MaclLaren, MBBS, FCCM
Department of Pediatrics

University of Melbourne;

Pediatric ICU

Royal Children's Hospital

Melbourne, VIC, Australia; and
Cardiothoracic ICU
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ECMO patients should pause for reflection. First, the theory
that antith bin administration helps by reducing hepa-

*See also p. 1170.
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pediatric
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Third, ithrombin therapy is iated with a

change in circulating antithrombin isoforms in children, and
our knowledge of physiology would suggest that this change

is significant (14). Finally, we now have a report linking anti-

rin requirements was always suspect. In one study of over
600 children on ECMO, increased heparin dosing was inde-
pendently associated with improved survival (13). Second,
there was no sensible attempt to prospectively evaluate the
safety or efficacy of antithrombin administration in ECMO
patients before the practice became widespread, despite the
medication’s high cost and despite it being associated with
increased bleeding in other groups of pediatric patients (11).

December 2018 * Volume 17 » Number 12

Editorials

analysis of the Extracorpareal Life Support Organization Registry.
Pediatr Crit Care Med 2015; 16:276-288

2, Werho DK, Pasquali SK, Yu S, et al; ELSO Member Centers:
Epidemiology of siroke in pediatric cardiac surgical patients sup-

i acorporeal membrane oxygenation, Ann Thorac Surg

tric Intensive and Critical Care Societies.

of medications, monitoring tests, and institutional protocols
being used (3).

In recent years, administration of antithrombin has become
popular in many ECMO centers (4), predicated on the untested
theory that, because many critically ill children have acquired
antithrombin deficiency (and young infants have naturally lower
antithrombin levels), providing more substrate for heparin to
bind to will facilitate a reduction in heparin requirements and
provide more effective anticoagulation (5). In most cases, this
therapy involves increasing antithrombin to supraphysiologic
levels. Data supporting this practice are sparse. The reduction
in heparin requirements following antithrombin administra-
tion is highly variable (5-8) and studies of children on ECMO
have thus far not shown any beneficial effect of antithrombin on
clinical outcomes, including bleeding, blood product adminis-
tration, ECMO circuit changes, length of stay, or mortality (7,8).
Furthermore, antithrombin is used to facilitate achievement of
therapeutic target ranges for UFH that have never been proven
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CONTACT ACTIVATION AND
CARDIOPULMONARY
BYPASS



Contact activation and CPB

Contact Activation of Blood Proteins
Blood/Surface Interaction

Heparin Serine Protease Inhibitors
Clotting Fibrinolysis m Complement
Platelets White Cells

Cytokines/Adhesion Molecules

Systemic Inflammatory Response




Activation

Generation of free thrombin :
— Activation Tissue Factor
— Activation FXII
— Activation Fibrinolysis (contact,

thrombin)

Consumption Hemodilution
Factors level - decrease in circulating
AT level coagulation factors and
Platelets AT levels.

- reduction of platelet
count



Contact activation — the role of kallikrein
Negative Charged Surface
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Heparin
UFH: heterogenenous mix of branched GAGs

- 1/3 UFH binds to AT ﬁ anticoag 1000 x
- UFH-AT :> inactivates Flla, FXa,FIXa, FXla,FXlla

Heparin: mode of action B—5@ <l S
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Anti coagulation

e HNF 250-350 Ul/kg
=> ACT > 400 sec

e Corrélation ACT — antiXa imparfaite et.. : anti-Xa plus
spécifique, mais pb de rapidité d’ exécution. Délais inadaptés a
la CEC

Owings J.T.et al. Arch Surg. 2000

e Impossibilité utiliser antiXa pendant la CEC car niveau=12a 3
U/ml



Chez les nouveaux nés et les enfants ..
effet résistance

Low paediatric thrombin generation is caused by an attenuation of
prothrombin conversion

Kremers RM et al. Thrombosis and Haemostasis 2016

Moindre sensibilité a I’héparine ou relation

dose effet moins fiable (prot fétales, > Do ot
concentration F 1+2, thrombine, e

hémodilution, hypotermie,maturation i O v
hépatique, polyglobulie) St et

more thrombin
during and after CPB

Owings J.T.et al. Arch Surg. 2000

Guzzetta et al, Anesth
Analg 2005

e More inflammation

e |Less AT
Guzzetta NA et al. Anesth Analg 2005

And.. shortened R on TEG in healthy newborns suggesting hypercoagulability
Edwards RM et al. Am J Clin Path 2008



"Résistance aussi pour..

Role ACT pré op +++

Injection d” héparine oubliée
Injection d’ héparine extravasculaire
Dose insuffisante

Déficit en AT congénital ou acquis (HBPM et HNF pré op,
consommation)

TIH

ACT puis dosage antiXa et AT

PFC lors de CEC de longue durée.




TIHTYPE I

eFall of > 30- 50% in the platelet count between 5 to 10 days
eModerate in severity (the lowest value about 50 to 60 x100
G/L)

e Antibodies (Ig-G) against complexes Heparin-PF4

In pediatrics : 1a 2% HIT without clinical signs (thrombosis or
skin lesions)

> bleeding complications in the cases reported

In post-CPB : specificity of anti H-PF4 is low, few DATA in
pediatric cardiac surgery
Greinacher A et al. Progress in Ped Cardiology 2005

Boning A et al. Ann Thorac Surg 2005
Mullen MP et al. Anesthesia Analg 2008
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- Type d’ héparine : HNF >>> HBPM

e Traitements curatifs > préventifs

e Contexte clinique (incidence 0,5 a 5%) : chirurgical >

meédical

Ya—
CHIR CHIR
CV /HNF ORTHO/HNF

0.5 ! 0.25 A Thromboses
[—\ /
CHIR NON CHIR
ORTHO/HBPM HNF

Etudes adultes

Warkentin T et al. Blood 2000




Pré requis pour une hémostase correcte

Hémostase chirurgicale rigoureuse

e Température normale

pH 7,40
Calcémie™** > 1,30
Neutralisation de | héparine correcte

Facteurs de I’ hémostase en quantité suffisante
Importance de |" hématocrite



Facteurs corrélés au saighement

e Age, hématocrite préop, hémodilution

e Chirurgie complexe, ACHP

e consommation +++

chez les plus petits : hypothermie, hte post CEC

chez les grands : polyglobulie (cyanosés), sternotomie
redux , durée de CEC, saighement

e Dans le sténoses aortiques adultes, activitée du VWF
diminuée car diminution des multimeres de HPM :
restauration apres la chirurgie

Récupération sang activée: tPA pendant la CEC : risque
potentiel de fibrinolyse postop CEC

e Fibrinolyse jusque a 6 h apres la chirurgie
Ilgnjatovic V, Pediatr Cardiol. 2012



Facteurs corrélés a la thrombose

Survenue thrombose possible malgré la fibrinolyse, |a
trombopénie et |'activation du tPA pour:

e Consommation et activation pendant la CEC (AT,
plaquettes...)

e Plus:
Reconcentration
SD inflammatoire
KTC

Bas debit, hypoxie

Risques géneétiques : F V Leiden, mutation G20210 du gene de la
prothrombine

Type d’ intervention : ASP, DCPP& DCPT



Existe-t-il des examens prédictifs du
saighement ?

|

Rtime | —

LyS 30 = MA/ASO (%))

Integration of monitoring into clinical care: ability of TEG
to follow changes in coagulation

-Rapid diagnostic information about clotting abnormalities
-Inadequate reversal of heparin
-Reduced transfusion prevalence

Romlin BS, Anesth Analg 2011

REVIEW ARTICLE

Treatment and monitoring of coagulation abnormalities in
children undergoing heart surgery
Philip Arnold



Coagulation assessment, multimodal
monitoring

Assess same physical property/results

Power On Self Test &y o

1 |
HAEMONETICS'
THE Blood Manspement Company

Niveau de fibrinogéne et

HEMOCH

| i e plaquettes sur citrate
pendant la CEC




TEG 5000
Haemonetics®

< Coagulation = Fibrinolysis -

Clot strength
Piatelet function

Cup

Heating element, __

sensor & controller Enzymatic Fibrinogen Thrombolysis
(R) (K, a) (LY30)
Clotting time Clot kinetics Clot stability

(Coagulation factors) Clot breakdown
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% inhib AA

Aspirine 2 mg/Kg

% inhib AA

Aspirine 3 mg/Kg




TEG6S
Test pour calcule % inhib ADP




Trouver |’ équilibre pour :

e Eviter de favoriser I hémorragie post CEC, assurer un
monitoring rigoureux per CEC

e Activation: HNF + CEC
e Dilution: Priming CEC+ Monitoring Hb
e Consommation: Monitoring HNF+ CEC

e Eviter la thrombose per et post opératoire



Contrble de I hémostasex inadapté

—> transfusion



Pourquoi éviter la
transfusion?

Réaction allergique
Transmission virale
Transmission bactérienne
Incompatibilité ABO
Immunisation

TRALI

Stimulation pro inflammatoire
: bradykinine et IL

Pourquoi faut
il transfuser ?




Actions pour normaliser ’hémostase et diminuer le
saighement et la transfusion :

e Préopératoires: consultation d” anesthésie =+
hémostase

e Per opératoires :
— Pour diminuer I’hémodilution:
— Pour diminuer les pertes sanguines

e Post opératoires

Pouard P TATM 2005



Jo asnedaq uorisnjsuern Dy 2aneradorrad 1oy ysux y31y je
paiapisuod sem uonendod Ino ‘IoAaMO}] "s10j0ej pajeax
-amnpacoxd 03 anp uoisnjsuernl DGy PIsSeaIdul JO SLI
3} sadnpal uIn} ur yorym ‘suonedriduod saneradoenjur
9I9A3S JO OSI MO] APAaRe@1I Pm sanpadoxd g
‘Axo8ms aredax QSAV I0 SA Suro8ispun ua1priyd
uo pasnooy Apmis anQ -uonemndod Ai1a8ins Dderpred
oigerpad [eqof3 ayj ur uoisnysuery poojq jo siojrpaxd
Burssasse uUaym JUNODDE OJUl Uayel aq ISNW SHOWVI
oy} o3 SBurpiodde aredax ejrua8uod a3yl jo Axardurod
943 jeyj pajensuowdp Sj}Nsal 3say] -uolsngysuen DO
M pajemosse Apuspuadapur aram (SHOVYE 2y 4q
pa2ugap) dsu aaperddo pue ‘gqD Sunmp aamjeradura)
[Bwurnu ‘enyea uiqodoway aapeiadoaid ‘eumjoa swrxd
ddD eyl paar1dsqo [g] sonSeaqoo pue puouwnydny ‘ddd
Pm Arp8ins oerpred SuroSispun UIP[IYD IARNIISUOD
000 ueyl [xowr jJo Apnjs juadal e Ul ‘[§] IPYo yoea
U29M]aq DIDJIDIUI Ued Jey] siopej paje[di-ssadoxd pue

o o = e A A o 7, S & _ala

su0a8ing >peroy] Jo £330 YL Aq FL0Z @

19A13031 pakopdwa am ‘uay], ‘uorsnysuer; Dy vrpaxd

(£-799:86'FL0Z Sing de10y ] uuy) 0) J[qe JI3M Jel} SIOJIEJ JUYIP 0) PIsn IIIM sisk[eue

uo1ssa18a1 d13sIS0] JJPLIEAT[NU PUE JJRLIBAIU[) "PIMIIA

-uorsnysuer} Dy Jo duappul 3y} Supnpalr  -31 J19m uoisnysuer; Dy Ppue ‘ejep aanerddoenul

jo wre g s weiSord juswaSeurewr poojq paseq ‘Bunsay A1ojeroqe] aaneradoard ‘AyderSowaq -Apmys

-juaned e do[aAdp 03 pasn aq ued jey} 31008 IAIRIpald B 2ANads013a1 SIY} UI Papnoul AI3M [LOZ 03 900T WOy

pauSisap am ‘s10joej 3s3Y} U0 paseg ‘uoisnysueny DY ~ 199J3p [eydas Ie[ndijulsoLge I0 1P353p [eydas reynoin
aaneradouad ym pajerdosse Ajuedyrulis arom jey) sio} -uaa aredar o3 A1981ns SuroSiapun wdIpIyD “spoyIIA

-dBJ [e12A3s pagnuapr Apnys juasaxd ayy -suorsnjouo)

*(4dD) ssed4iq

‘uorsnysuen} gy Jo Io3orpaid 3saq g sem 133ea13 10 7 31008 Areuowrndorpies
aamprpaid y ‘uonemdod parpmys awy ur uorsnysueny DY SuroSrapun uaIp[MYd ur uorsnjsuer; DG YIM paje
M pajeposse Apuapuadapur aram (9%p¢ ») JUD0JEWAY  -IDOSSE SI0)0BJ dANdIpaxd ssasse o) pawrte Apnjs smyy
aaneradoard pue ‘(Q.z¢ ») g4D Suump paypear amjerad ‘uorsnysuer} gy JO SI Y} dNpar [[IM jey} sard
-uIa} [ewrruTur “‘pasn IojeuadAxo yo ad£) (Sy/Tw €F <) 9dD -ajens jdope 0} SUBDIUIP J[EUd [[IM JXIJU0D SIY} Ul
ayj yo aumjoa Sunuud ‘(syjuour g ») 98y "pasnysuen aram  uorsnysuer} Prpaid sropey Yoym Surunuisa 's3sod
(%8£) 19T ‘PapnNPuI AP Fgg Y3 Suoury ‘synsayy pPaseanul pue JWOdNO PIII)[E UM DPIJEIIOSSE SI
31028 pue A1a8ms oderpaed oujerpad ur parmnbar Apuanbaiy
aanpipaid e uBisap o} sisA[eue onsuapereyd Sunerado st uorsnysuen (OgY) [[92 POO[q PAY ‘punoiSyovg

ym  A1a8ims

wnidjog ‘spssnag ‘[e3dsol] A)IsI2Alun SALIP[IYD) BIOIqR UDINT) 4IU[] 2187 AISUDIUL dLORIP]
pue ‘Tejrdsopy AJIs19ATUN) S,UAIP[IYD) E[OIqe Uaany) pue uuewdnig aieysiaatun rendsor] angua)) “ASojorsaysauy jo juaunredag

aud ‘a “‘uapury 13p uep 2ddiyJ pue ‘qA ‘s2110], zaypueg [dIS1ID)
‘SN ‘AN “SWAIIIM duelry ‘dDDd ‘A ‘Tuoere] piaeq ‘AN Temn Iy

£1381ng derpie) xajdwoduoN Surodiapun uaIpIYD
Ul UOISNJSueL], [[3D PooIg Py 10J S10J0e] JAIPIPIIL]



Actions pré opératoires

e Consultation

Anesthésie => Recherche d’ ATCD de saignements et des
anomalies de I’ hémostase

Hémostase => identifie les anomalies de |’ hémostase + conseils
et Tt

e Erythropoiétine : 100 a 150 units s.c. 3x/sem pdt 3 semaine or
une dose de rEPO avant la chirurgie.

Ootaki Y et al. Heart Surg Forum 2007
Few cases report, the effectiveness for avoiding transfusion is not clear

e Auto Transfusion Différée : > 20kg, 10 a 40 ml/kg, fonction
cardiopathie

Not really an usual practice for current pediatric cardiac surgery



Actions per opératoires pour diminuer
I” hémodilution

e Rétro priming au sang autologue :

— >10kg, pour les cardiopathies sans risque d’instabilité
hémodynamique

e Canulations caves correctes

e Rétrocession immédiate du sang médiastinal



Roéle du priming

e Pas de solutions cristalloides: meta-analysis of

controlled trials
Russell JA et al. Cardiothorac Vasc Anesth. 2004

e Albumine/sang pour les patients de poids < 15 Kg
e Utilisation de sang possiblement frais

keidan | et al. JTCVS 2004
Schroederer TH et al.Perfusion 2005

e Utilisation de sang reconstitué (globules rouges
+PFC):
Réa plus courte

Moins d’oedemes
Mou SS et al. N EnglJ Med 2004



Hématocrite pré CEC et volume du priming

et I’ hémodilution au démarrage de la CEC

Hte en CEC = volémie patient*Hte patient / Volémie pt + priming

Pour un Nné de 3kg:

Volume priming
(mi)

hématocrite pré CEC (%)
44 40 35
400 18 17 15
300 22 20 17,5
200 26 24 21
150 26 23
100 26

Soit en volume de culot globulaire :
RBCs (ml)= (BV pt+ TPrV) (Hct desired)- (BVpt) (Hct pt)

Hte en CEC




Albumine vs PFC

Tsth
150 4 o I Mean
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Fig 2. Mediastinal chest tube drainage (mL/kg) during the initial 24
hours in the intensive care unit according to prime type (albumin
5% versus fresh-frozen plasma [FFP]) for patients who are either

acyanotic or cyanotic.

PFC in the prime results in less blood loss than albumin 5% in

cyanotic pts and for complex operations ...
Oliver WC et al. Ann Thorac Surg 2003

Prophylactic use of FFP in the priming solution does not have
2 obvious clinical benefits in cyanotic congenital heart disease (CCHD)

Miao X et al. Eur J Pediatr 2014



Actions per opératoires non pharmacologique pour
diminuer les pertes sanguines

e Ultrafiltration conventionnelle ou modifiée
e Récupérateur laveurs d” hématies
e Modificateurs de surfaces

e Héparine

: =4 ¢ Poly méthyl pentene

- <8, ra
]!.
: = >
7
o

i * Poly(2-methoxyethylacrylate) PMEA

i
'/

AN

e Phosphorylcholine.







Ultrafiltration

Hémoconcentration
Deux effets <

Anti inflammatoire

A prospective randomized study:
Conventional vs modified UF:
No statistical differences when standardized volume of

fluid is removed Thompson LD et al. JTCVS 2001

Meta-analysis: méme parametres en terme de outcome

Kuratani N et al. JTCVS 2011



Objectifs peropératoires

Chirurgie =

Hb > 12 g/dl, culot globulaire 10-20 ml/Kg
Fibrinogéne > 1g (dose 25-50 mg/Kg en pédiatrie)
PFC 10-20 ml/Kg ou confidex 1-2 ml/Kg

Rebound héparine = protamine dose a refaire (modulation
par 'anti-Xa)

Plaquettes > 50 000 (1 U/10 Kg si transfusion nécessaire)



Anti fibrinolytiques pour le redux

protocole a Necker: 20 mg/Kg apres I'induction, 20
mg/Kg per CEC

Données de la littérature hétérogene en pédiatrie
RECEMENT:

eConcentrations plasmatiques efficaces plus faibles (20-
30 pg/ml) avec doses plus faibles (in vivo)

Grassin-Delyle S et al. Anesthesiology 2013

eComparaison in vitro avec la population volontaire
adulte: concentration plasmatique efficace plus basses
pour les enfants avec cardiopathies congénitales entre
1et10ans (8.6 ug/mlvs 11.3 pg/ml)

Rozen L et al.EJA 2015

eComparaison in vitro nouveau-né- la population
volontaire adulte: concentration plasmatique efficace

plus basses pour les nouveaux- nés
Yee BE et al. Anesth Analg 2013



Fibrinogen replacement

The Relationship Among Thromboelastography,
Hemostatic Variables, and Bleeding After
Cardiopulmonary Bypass Surgery in Children

Shyamala Moganasundram, FRCA,* Beveriey J. Hunt, MD,t Kim Sykes, MRCP,*

Fiona Holton, MRCPCH,* Kiran Parmar, MSc,t Andrew Durward, FCP,* lan A. Murdech, MRCP, *
Conal Austin, MRCS, ¥ David Anderson, FRCS,¥ and Shane M. Tibby, MRCP*

Anesth Analg 2010

Rapid decrease in MA when fibrinogen
concentration <1 g/L, platelet value < 120
x 10*9/L, platelet — fibrinogen product <
100
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Protrombin complex concentrate

Dose utilisée = 1-2 ml/Kg IVL

Confidex for infants undergoing cardiac surgery is safe and
effective. It reduces postoperative bleeding and allows fewer
units of packed red blood cells to be infused in the

postoperative phase without major side effects
Giorni C et al. Pediatr Cardiol 2013

Ex vivo: 3F-PCC exerts potent procoagulant activity compared
withr FVlla : importance in restoring thrombin generation

Guzzetta NA et al. BrJ Anaesth 2014



[cme]
Review of the Off-Label Use of Recombinant Activated
Factor VIl In Pediatric Cardiac Surgery Patlents

Nina A. Guzzetta, MD, FAAP,* Isobel A. Russell, MD, PhD, FACC,T and Giyn D. Williams, MBChB, FFAY

There are insufficient data to make evidence-
based recommendations. Randomized
controlled trials are needed to assess the
efficacy of rFVlla as prophylactic, routine, or
rescue therapy and to determine the drug's
safety profile particularly with regard to
thrombosis. NovoSeven® Mode of Action
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Take home message

e Miniaturized circuit
e Coated circuits
ePerfect surgical set up

e Multimodal monitoring

- APPC administration, Fibrinogen replacement

on hemostatic variables or
thromboelastography results

ePay attention to recombinant activated Fact VII

administration
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