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Quelques chiffres

* Malformations cardiaques : 1 % des
naissances

* 3 500 CEC pédiatriques en France / an

* 10 centres de chirurgie cardiaque
congénitale
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Particularités des enfants

* Volémie et Poids réduits

* Immaturité des organes

* Besoins métaboliques élevés
* Coeur néonatal peu compliant

* Cardiopathies complexes avec réparations intracardiaques
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Les pompes

Centrifuge — circuit clos Occlusive — circuit ouvert

e
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Les pompes

Revue de la littérature (2019)

Type de pompe

* Risque de surpression

* Controble précis du débit * Mauvaise occlusion (sur ou sous-
Pompe occlusive * Réutilisable occlusion)
* Pas de flux rétrograde * Hémolyse

* Priming plus importants
* Moins d'activation des facteurs e Plus cher

. de coagulation et de la * Flux rétrograde possible
Pompe centrifuge 0 .
fibrinolyse * Peut augmenter la durée
* Moins d'hémolyse d’hospitalisation

Medikonda R et al. J Cardiothorac Vasc Anesth. 2019

e
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Le tubing

Le PVC.:
* Probleme des additifs : DEHP (Di Ethyl Hexyl Phtalate)
* PVC sans phtalate obligatoire depuis 2015 en pédiatrie et néonatologie

Le silicone :
* Diminue 'lagrégation plaquettaire et I'activation leucocytaire
* Rejet de particules (de I'ordre de 5um)
* Risque de plicature

PHTHALATE E’@
FREE &%

DEHP)
Free
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Les canules

Canule aortique : débit élevé autour de 3l.mint.m=2

* Pour un nouveau né de 0,20m? : 600 ml.min-1

3.6 mm

6Fr—->2.0mm
8Fr—->2.5mm

e
10 Fr > 3.3 mm | -.
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Les canules

Canules veineuses : double canulation

DLFP Right Angle Single Stage Venous Cannula=

12Fr 14Fr 16F 18F 20Fr 22Fr 24Fr
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'hémodilution

Conséguences

* Diminue la pression oncotique

* Diminue I’hématocrite

* Augmente I'cedeme tissulaire

* Baisse les résistances artérielles périphériques

* Diminue la concentration des plaquettes et des facteurs de coagulation

Nécessaire a basse température pour limiter la viscosité mais pas < 30%

e
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Priming
Cristalloide
Ht patient x volémi
Compliqué en dessous de 15 kg Ht cec = patient X votemte

volémie + volume priming
Volémie de la naissance a 1 an = 85ml.kg!

Sang
* Hb : quantité de CGR en fonction de I’Hb du patient et de la pathologie

* pH : correction bicar 8,4%

* K* : CGR déplasmatisés pour la néo-nat (+/- dialyse du priming)
* Attention au Ca?* (citrate)

* Héparine
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Pourquoi reduire le priming sanguin ?

Etude rétrospective mono centrigue 2024

208 patients inclus (de 3,8 a 10 kg) " (0 e

. No mediastinitis

o Groupe priming inf volume médian L
o @Groupe priming sup volume médian

g
E
Table 3. Postoperative data. " J
High priming volume (n = 104) Low priming volume (n = 104) p-value "
Creatinine peak, mg/dL 59.1 £27.8 49.9 + 309 0.02 =
CRP peak, mg/L 134 + 67 110 + 68 0.01
Procalcitonin_peak, ng/mL 194 £ 75.7 13.0 + 48.8 0.47 ° s e il e
Mechanical ventilation, h 68 [20-110] 5 [2-26] 0.01 | o —
ECMO-VA, n 8 (7-7%) 5 (45%) 0.3 astinitis cases by the priming PRBC volume and the volume of PRBCs transfused during CPB. PRBC, packed red blocd
Extrarenal replacement therapy. n 8 (77%) 7 (67%) 0.79 ive care L:ni(;'lh;:edi:; PRB; \{olu;:R;c(I;zrinlgCPBwasrigi;‘e‘r inp?:iengwhoq;‘veh:gd fngdias:'-;\ir::(_ll‘lgl [95;;3%_
Rsinubation. n 6 (5.8%) 3 (2.9%) 0.50 gll_;l-gg:p—. ). The median priming volume was also higher in patients with mediastinitis (47 ¢ ] vs. 28 [2
ICU stay, days 6 [4-9] 4 [3-6] <10°? |

CRP, C-reactive protein; ECMO-VA, extracorporeal membrane oxygenation veno-arterial; ICU, intensive care unit. Data are expressed as the mean % SD,
median [Ist = 3rd quartile], or n (%). The values in bold are associated with p-values less than 0.05 and are statistically significant.

_ Mathieu et al. Perfusion 2024
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Probability of Major Morbidity %)

55 -4
Newer
so- blood

45—

40+

01 2 3

Older blood

4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21
Blood storage time (days)

® Crude 174

O Adjusted

[ Newer blood

p=0.011 @@ Older blood

P=0.027

Marco Ranucci et al. Crit Care. 2009
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Comment réduire le priming ?

* Taille tubing

* Taille oxygénateur

* Positionnement de la pompe
* Pompes déportées

* VAVD (Pas sans conséquence)
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Partusion 2000, 18:

Investigation and quantification of the blood trauma
caused by the combined dynamic forces
experienced during cardiopulmonary bypass

Medical E Division, Depai of Engineering, Queen Mary and Westfield
College, London and Department of Clinical Perfusion, Cardiac Surgery, St Bartholomew’s Hospital and
the Royal London Trust, London, W Department of Clinical Perfusion, Cardiac Surgery,
St Bartholomew's Hospital and the Royal London Trust, London and JC Shelton Medical Engineering
Division, Department of Engineering. Queen Mary and Westfield College. London

Blood is exposed 1o various dynamic forces during cardiopuimonary bypass
CPB). Understanding the damaging nature of these forces is paramount for
re rch and development of the CP8 circut. The object of this study was
to identity the most damaging dynamic non-physiological forces and then
quantify this damage.

A series of in vitro experiments simulated the different combinations of
dynamic forces experienced during CPB while damage to the biood was
closely monitored.

A combination of air interface () and negative pressure (P) caused the
greatest rate of change in plasma Hb (Ap Hb) (4.94 X 10" mg/dUs) followed
by negative pressure and then an air interface. Shear stresses, positive
pressures, wall impact forces and a blood-nonendothelial surface caused
the least damage (0.26 X 107 mg/dUs). An air interface showed no
e for blood damage, with the relationship between the size of
the interface and the blood damage modelled by a second-order polynomial
However, negative pressure did exhibit a threshold value at -120 mmHg.

beyond which point there was a linear relationship

Investigating the reasons for the increased blood trauma caused by the
ow-pressure suction (LPS) system makes it clear how research into
minimizing or completely avoiding certain forces must be the next step to
advancing extracorporeal technology.

Address for correspondense: JW Mulholland, Perfusion Room,
Cardiac Theatres, Sth Floor QEII Building. St Bartholomew's
Hospital, West Smithfickd, London ECIA TBE, UK

© Arnold 2000

02676591 (00)PFA210A

Une dépression trop importante

entraine une hémolyse

Passage possible d’air
des fibres de I'oxygénateur

vers la ligne artérielle

HECT 3000
T St

Limitations Using the Vacuum-Assist Venous Drainage
Technique During Cardiopulmonary Bypass Procedures

David Jegger, ECCP; Hendrik T. Tevacarai, MD; Xavier M. Mueller, MD;
Judith Horisberger, ECCP; Ludwig K. von Segesser, MD

Department of Cardsovascalar Surgery, Centre Hospitaber Universtaire Vaudos (CHUV |, Rue du Bugnon 3,
o

1011 Lausanne. Swit

Alsiract: Vacuum assist venous dranags (VAVD) can imcreass
vemous blod return durng car smary bypass (CPB) pro-
cedures. However, the negative presure creatod in the choed
Cardsotomy rescrvon can b tramsmiticd to Uhe ovypeRstor o 3
aonocclune o centrifugal arteral pump » wcd. resulting n
bubblc transgresson (BT) from the gan 1o bood compartment of
the onypenator We analyacd the vacuum presure requared lo
produce BT wing an it inchang soccosel 3

i o roller), and an oxypen-
= mamtamed oolo the

Progressvely mcreasng negative pressure from 0 o M) ml
20 momtorng BT with 3 bubbis detector Sex delerent ony pen
ators were compared. A partially occhusive roller pump and a
contrifugal pump were compared 1o a control. which was without

any pump. A mean negative pressure of ~53 o 7 mmblg was
neceasary to produce BT i all the ory peaston in the abscace of
2 pump. The prosence of a contrifugal pump between the reser

vom 2 the anypenslor sgmaficantly mcrcasd the A gatn € pre-
sure required 1o produce BT compared to the control (~67 & 7
mmg. p < 08} No bubbles were detected wsng the rollcr pump
(>80 mmHy noeded for BT). thus statistically ugmficant when
compared 1o the contrifugal pump (p < 05). The contrifugal
pump offers sgnificant resstance o BT but ot as much com

pared to the roller pump. though BT cannot be prevented f the
pump i turncd off whils the vacuum remasns on the foscr

vour. Therefore, VAVD i a safe technique s long a5 the perfu

swomsst stope the vacuum when he artenal pump i so longe s
e Keywark: cansopulmonary bypass. centrifugal holkrs £

ber membrane oxypenstor. JECT. 204352072

Standard cardisc surgery procedures with cardiopulmo-
nary bypass (CPB) nccossitates a median sicraotonry and
has gained confidence duc to its simplicity, safety, and
success over many years. In several situations such as
minimally invauve surgery and emergency cardiac resus-
citation peripheral venous cannulac are needed. These
cannulac arc longer and have smaller diameters compared
10 classic cannulac. thus blood drainage i imited. Gravity
siphon of passive venous drainage (PVD) may thus pro-
vide insufficicnt blood return for adequate tisuc perfu-
sion.

This drawback has lead 1o the development of active
venous drainage (AVD), which can increase venous re-
tum to more acceptable levels of perfusion. AVD is gen-
crally divided into kinctic-asist venous drainage (KAVD)
and vacuum-assist venous drainage (VAVD). KAVD
wses a centrifugal pump (CP) placed in the venous line

Addrew corvespondencs to: D, boppst. ECCP. Department of Caduo-
vasculas Surgery. Contre Mospstabor Unverstaie Vasdos (CHUY).
R s Bugnos, 48 1011. Lasssnne, Switseriand. Vel

4121 30422

Fax §mat Dovad Jegpersbun bospad o

accepted July 12 200,

to gemcrate negative presure and conscquently increase
venous fcturn. This technique has been shown fo guaran-
tee adequate global tisue perfusion for usc in mini-
mally invasive CPB procedures (1-3). VAVD involves a
Constant vacuum pressere, onto an airtight YCROWS 16sT-
voir, allowing more blood 1o be drained from the paticat
via the venous linc. However, it was recently shown that
AVD 1echniques might introduce gascous microcmboli
(GME) into the paticatl undergoing CPB (4). Although
many potcntial causes for gascous cmboli during CPB
have been identificd (5), the creation of a pegative pres-
surc in the venous line facilitstcs cntrapment of air around
the venous cannula, posably imcrcasung GME. However,
when & CP is used in the arterial pump position in com-
bination with VAVD it apparently ails in clearing the
GME (6).
f the arterial pump is stopped for various reasons and
the vacuum sowrce s left on the vemous reservour, mi-
crobubble transgression (BT) can occur from the gas
10 the liquid of the oxygen-
ator, creating another source of GME as soon as the
arterial pump is turned on agan. We analyzed the nega-

207
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Vacuum-assisted Venous Drainage and Gaseous Microemboli in

Cardiopulmonary Bypass

Shigang Wang, MD:* Akif Undar, PhD*t

“Pediatric Cardiac Rescarch Laboratorics, Department of Pedsatrics; and 1Department of Surgery and Department of
Bioengineering, Penn State Mison . Hershey Medical Certer, Penn Suaie College Medicine, Penn State Children's Hospaal,

Hershe, Pennsivania

Abstract: When comventionl gravily sphon venous drainage
cannot achicve satidactony venows dramage dunng munmally
snvasive cardiac and neonatal surgercs. swstod v nous dramaps
tochniques are mocdod 1o casure adequate flow. One amnied
venous dramage techmque. vacuum-asnied venows draimage
(VAVD), the aid of um

widely uned 1o supme; Granage durng cardo
mary bypas (CPR) procedures. VAVD permis the wie of
smaller venous cannulae. shorier curcuit (ubmg. and kower prm
ing and blood transfusion volumes, bul incresses sk of artenal
e ous mucrocmbols and Nood rauma. The vacuum shoukd be
et s low as possible 1o Lacilitate full venous return, and real
time monitoring of gascows. microcmbol in the artenal and ve
nows line shoukd be used 10 achicve the safest conditions. With

current ultrmound Lechnology. it & possiblc 10 smullancously
detect and clasaly gascous mucroembol i the (TH crcut In
Uhis artache . we summanse the componcenls. slup, ops ration. ad-
vantages. and disadvantages of VAVD tochniques and clinical
apphcations and describe the basic princples of microsmbol
detecton. such as the Embol Detection and Classsfication (EDAC)
Quantifier (Luma lnnovations, Roanoke, VA) and Bubble
Counter Clinical 200 (GAMPT, Zappendorf, Germany ). These
v pascoms emcvocmbol detection devices coukd help perfi
womnts kocate the sources of cntrames i, el
troubles. and mummize the .wu,umu. ncurolopc .-.-.r
ments altributed fo gascous microemboli in chinical practice.
cardwpulmonary bypass. equipmant, cmbolism. per
Tusson. JECT. 200880 249-2%

Most cardiac op require cardiopulmonary by-
pass (CPB) with cannulac directly inseried into the right
atrium and scending sorta. This conventional method re-
lics on gravity and height differences between the venous
cannula tip and the venous reservoir blood level 1o facil
tate venous drainage. Thus, drainage is limited by the in
ternal diameter and length of the drainage catheter, the
central venous pressurc, the tubing internal diamcter and
Iength. the venous reservoir air pressure, the height dif
ference, ete. (1). As advances in cardiac surgery permit
correction of congenital heart defects in small infants,
smallcr venous cannulac arc required to prevent obstruc
bon of the visual ficld and lower the priming volumcs (2).

Adirew corespondeace to: Akif Undas. FiD. Pena State Collope of
Mediane. Deparumen: of Pedtrcs. xS, 5000 Unoversay Drne. PO
Box K50 Hershey PA 10000850 Fomad sundarvpes odu

The scmace suther has satcd that suthors have repanied fo materisl
finsncial. or cther relstiomhip with sy heshhcare-relsted busncs o
athr entity mhou Produts of services ais dncumed  this Papet

the usc of a sanguinous priming solution
may further benefit nconates during CPB (3). In mimi-
mally invasive surgery, wsing peripheral cannulation and
smaller iamcter venous cannulac is abso advantageous 1o
the paticnt (4). These modifications. although bencficial
10 the paticnt and surgeon. are also limiting because they
further restrict venous return. If resistance 1o venous re-
wrn cannot be overcome, assisted venous return tech-
niques are necessary 1o cnsure adequate flow
Vacuum-assisted venous drainage (VAVD), a vacuum
10 the vemous feservoir, augments the venous drainage and
is now widely used during CPB procedures. VAVD is not
a simplc perfusion lechnique and has both advantages and
disadvantages, so correct, safe use of VAVD i essential

VACUUM-ASSISTED VE?

MUS DRAINAGE

Two types of assisted venous drainage arc currently
available: VAVD and kinctic-asisted venous drainage
(KAKD). VAVD, akso known as vacuum-assisted venous

Augmente les micro emboles
artériels gazeux

Les micro emboles sont
responsables de troubles

neurocognitifs

‘erfusion 2004

Bubbles and bypass: an update

Mark Kurusz' and Bruce D Butler®

“University of Texas Medical Branch, Galveston, TX. USA:

“University of Texas Health Science Center. Houston, TX. USA

the bloodstream are not a normal condition -
{:IMMIMKGWWKH]

\-mnm._m_n,l.u.-.-h-'m
assisted venous drainage. low-prime perfusion circuits,
-dml—a-u-n—nqdnh-.mu-ud.h
in some instances, exacerbaled the problem of sas

mceplion sems 80 poe s While detectable levels of
(GME] have d

i.ml,-—-n *r-t.h—l.-h—-ul,

eliminated due to increased swareness of etiologies and

olally eliminate GME during open- procedures.
A few st neurscognitive
manifestations associaled with excessive quantilies of
GME.

Introduction

The puspose of this paper is to update previous
reviews' * on the subject of air embolism associated
with cardiopulmonary bypass (CPB) and outline

embolism ar secondary in the

gl ﬂ:lu- such as multiple- frequency

yei widely av

nics, may n—ll,pnﬂ.-u-l-i:‘hﬂ-ﬁ particulate
microemboli from GME and further delineate the clinical
significance of GME. Perfusion (2004) 19, S49- 555,

vent blood, which was then allowed 1o drain into
the arterial reservoir where it was returned with the
anterial perfusate. Hypothermia to 28°C or lower was

routinely practiced and pH-stat blood gas manage-
ment was used 1o regulate blood gases. Crystalloid
c myocard ial tion, but,

recent technique or device that have
been shown to minimize production of bubbles.
Both gross air bubbles and gaseous microemboli
(GME) have been the subject of numerous studies,
and efforts have been directed at elimination of both
types. In the case of gross air embolism, these effons
have been highly successful. but occasional case
reports continue to appear. However, elimination of
GME from conventional CPB has proved more
difficulr.

When viewed from the perspective of several
decades, the presence of gas bubbles during CPB
has decreased for a variety of reasons. the most
important being the transition from bubble oxyge-
nators in the mid-1980s to membrane types that are
universally used today. Thirty years ago, the con-
ventional CPB circuit consisted of a bubble oxyge-
nator with a roller pump for systemic flow. Venous
drainage was by gravity siphon, and screen arterial
filters were only used in approximately half of all
clinical cases. An external cardiotomy reservoir
(filtered or not) was used to collect suctioned and

Address fos comespondence: M. Kurusz, UTMB, 301 Usiversity
Blvdl.. Galveston. Texas. TX 775550528, USA
Email: mburuss@utmb edu

© Amold 2004

in some settings, simple ischemic arrest with aortic
cross-clamping or elective fibrillation was used
when the heart had to be stopped. Gross air
embolism when employing such a circuit was a
relatively froquent risk. and several mechanisms
were described by retrospective surveys.® 7

7 The
most predominant otiology was simply inattention
by the perfusionist to the arterial reservoir level,
which, when depleted of perfusate. allowed the
roller pump to rapidly transmit large volumes of
air into the systemic flow tubing and patient’s aorta.
In 1986. a new mechanism for gross air was
as sortic root air
during cardioplegia sdministration.” Less frequent
were unexpected heart beats before adequate cardiac
de-airing. reversed left ventricular vent, pressurized
cardiotomy, ruptured arterial pump-head tubing, or
unnoticed rotation of the arterial pump-head. Vir-
tually all of these etiologies were caused by operatar
error - on the part of the surgeon or perfusionist.
Perhaps. in response to this sobering and well
publicized information. safeguards in the form of
improved technique ar devices specifically de-
signed to prevent gross air embolism were devel-
oped. implemented, and presumably have led to
dramatic reductions in reported cases of fatal gross

10,119 102676591 04pi7 2008
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VAVD recommandations

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

] ' . .

Recommandations de |’Association Authrs Tk Force Members: Alcander Wakba @ (Co-Chalrperson) (Norway),

5 . . . . Gudrun Kunst %?*" (Co-Chairperson) (United Kingdom), Filip De Somer (®"* (Co-Chairperson) (Belgium),
Européenne de Chirurgie Cardio-Thoracique : Henrik Agerup Kildah*>' (Norway), Benjamin Milne"" (United Kingdom), Gunill Kjellberg?' (Sweden),

Adrian Bauer (" (Germany), Friedhelm Beyersdorf (9" (Germany), Hanne Berg Ravn* (Denmark),
Gerdy Debeuckelaere' (Belgium), Gabor Erdoes (3™ (Switzerland),
Renard Gerhardus Haumann"® (The Netherlands), Tomas Gudbjartsson® (Iceland),
Frank Merkle (99 (Germany), Davide Pacini (" (Italy), Gianluca Paternoster*” (Italy),
Francesco Onorati (3" (Italy), Marco Ranucci (2" (Italy), Nemanja Ristic* (Serbia), Marc Vives"* (Spain),
Milan Milojevic (9** (Serbia) EACTS/EACTAIC/EBCP Scientific Document Group

* Réservoir veineux rigide

Recommendations for use of assisted venous drainage

* Monitorage de la dépression sur la ligne
veineuse

Recommendations

It 1s recommended that an approved
venous reservoir be used for assisted
venous drainage.

* Pression négative excessive -> hémolyse

It is recommended that the venous
line pressure be monitored when
using assisted venous drainage.

Excessive negative venous pressures
are not recommended due to the
deleterious haemolytic effects.
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VAVD recommandations

Recommandations société américaine de CEC :

I TancomomAL TEORR.06T
Lead - Collaborate - Educate - Care
° P reSS i O n n égative n ette m aXi m a I e d 'e nvi rO n SPECIAL REPORT: STS WORKFORCE ON EVIDENCE BASED SURGERY

. 2011 Update to The Society of Thoracic Surgeons
-80a-90 mm Hg and the Society of Cardiovascular Anesthesiologists
Blood Conservation Clinical Practice Guidelines*

(Pression négative nette = VAVD + effet Venturi)
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VAVD recommandations

* Pression négative minimale pour
obtenir un retour veineux optimal

* Systeme d’ouverture rapide a la Vacwmn
1 Source ressure
pression atm.

MorBor

* Monitorage de la dépression
veineuse

* Arrét du vide avant 'arrét de la
pompe artérielle




Départ de la CEC
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* Canal artériel perméable

(atrésie pulmonaire, blalock ...)
Laisser le coeur éjecter

déséquilibre RAS / RAP

* Cardiopathies cyanogenes

Démarrage en douceur

FiO2 | Balayage faible

* Naissance anormale
du tronc coronaire gauche

* \Veine cave supérieure gauche

. \1\7.‘1 /
* MAPCA (Major Aorto Pulmonary Collateral /
Artery) N
et collatérales aorto-pulmonaires 7,-' j
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Protection myocardique

Différents types de cardioplégies

Intracoronary candioplegia

* Froide aux cristalloides
* Sanguine froide
* Sanguine chaude

* Antérograde / rétrograde

e
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Protection myocardique

Méta-analyse (2017)

cTnl-12h cTnl-24h )
10 étUdeS : [ WD (95% Co) eyt 0 WO (9% C1) Wt
* sanguine (n = 416)
VS :ﬁ :“ 050 (-805 989 l: :--' it} 1 )
* cristalloide (n = 281) e . = e  an e .
. Overall (\-squared = 88 7 p = 0.0V O 7= o) Owver: ared = 00 1% pe 000 O o0
Troponine
D - E
En faveur cpg sang S 2 En faveur cpg cristalloide

Mylonas KS et al. Pediatr Cardiol. 2017
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Protection myocardique

Lac-1h : i Lac-12h
Lactatémie m & .“ i
: +<> - “
i — -
En faveur cpg sang S 2 En faveur cpg cristalloide

Mylonas KS et al. Pediatr Cardiol. 2017

I
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Protection myocardique

Mesure des pressions
d’'injection obligatoire
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Protection myocardique

Pression d’injection max = perte de charge + = 50 mmHg

] it
Perfusion cardioplégie
23 + 50 = 73 mmHg max.

e

Perte de charge : 23 mmHg



A

P
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Hypothermie et gaz du sang

Alpha-stat : :
pH Management

* Interprétation des gaz du sang a 37°C

* Pas de correction a la température

corporelle du patient
) Lab (37°C)
H-stat : oH7.26
P,CO , 56 mm Hg

* Interprétation des gaz du sang a la

température du patient 28°C

CORRECT TO

* Apports en CO2 dans les gaz de CEC

At28°C
pH 7.56
P,CO, 26 mm Hg




universite
*BORDEAUX

Hypothermie

40 patients (age > 1 an) CEC pour cardiopathies cyanogenes
(1998)

B Alpha-stat
SJ O pH-stat

La stratégie pH-stat :

= 6]
* Améliore l'oxygénation cérébrale € 4
* Taux de lactate plus bas 2-

* Moins de troubles neurologiques Clinical 48 h EEG

Fig 6. Incidence of postoperative seizures with use of alpha-stat and
pH-stat strategies in infants undergoing reparative heart operations.
(EEG = electroencephalogram.)

Hickey PR et al. Ann Thorac Surg. 1998
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Hypothermie

Etude prospective randomisée (2004) n = 40

Groupe 1 : alpha-stat vs groupe 2 : pH-stat

%SPCC (%)
40 -
: Cardiac arrest —o—Group 1
G | T T b —O— Group 2}

La stratégie pH-stat chez les patients cyanosés "

10

» T I'oxygénation cérébrale

0

CPB(0) (5) (10) ACC(0) (5 (10) (15) (30) (45) REP(D) (5) (10)

* 4 le taux de lactate

Perfusion Phase

Figure 2. Change in %SPCC. The SPCC was calculated according to the following equation using the pump flow

o \l/ |a Ci rcu Iatio ] COl Iaté ra I e p u I mona i re Systémlq ue rates, and recorded every 5 minutes. ANOVA, P < .0001, *P < .01. %SPCC = (perfusion flow — drainage

flow)/perfusion flow x 100.

Sakamoto T et al. J Thorac Cardiovasc Surg. 2004
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Hypothermie

Revue de la littérature 2010 Comparing the 16 studies based on the age of the patients studied, three
out of the four papers which demonstrated that the pH-stat method is a
better strategy to improve intraoperative and postoperative outcome were

16 articles an aIysés . based on a sample of paediatric patients. Conversely, all seven papers that
suggested alpha-stat method is associated with better intraoperative and
* 1 article non concluant postoperative outcome were based on studies done on adult patients. The

remaining four papers suggested no significant difference between the

* 4 en faveur de pH-stat (3 pédiatriques) pH-stat group and alpha-stat group.

* 7 en faveur de alpha'Stat In conclusion, there is evidence to suggest that the best technique to

e 4 aucune différence follow in the management of acid-base in patients undergoing deep

hyvpothermic circulatory arrest during cardiac surgery is dependent upon

pH-stat : pédiatrique the age of the patient with better results using pH-stat in the paediatric
patient and alpha-stat in the adult patient.

Alpha-stat : adulte

Abdul Aziz KA et al. Interact Cardiovasc Thorac Surg. 2010

e



universite
*BORDEAUX

Anticoagulation

Nouveau né : tendance a I’hypercoagulabilité

* Systeme de la coagulation immature
* Augmentation de I’"hématocrite
* Sensibilité plus faible a I’'héparine : taux AT Il variable, hémodilution

Héparine bolus
300 Ul.kg?
Héparine en continu
100 Ul.kg?.ht

ACT toutes les 30 min si > 400 s
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Ultrafiltration

Pendant la CEC surtout apres déclampage A la fin de la CEC, avant I'ablation des canules,
Veine -> hémofiltre -> réservoir pendant 15-20 min
Volémie constante, compensation du volume filtré  Canule aortique -> hémofiltre -> canule veineuse
par transfusion (PFC et/ou CGR) compensation par le sang du réservoir
o {(Hemoconcenmator) O |
® i
aliiTEE /"L‘ N
! Venous blood |

t reservoir )

\_

Arterial roller
FOMPE ARTERIELLY

e
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(CUF)

Recherche bibliographique de 1990 a 2018 : 90 études cliniques ou publications

L’hémofiltration en chirurgie cardiaque pédiatrique :

* Améliore la fonction myocardique

* Réduit la surcharge liquidienne et les saignements

* Réduit les cytokines pro-inflammatoires

* Améliore la fonction pulmonaire et la compliance

Joel Bierer etal. J Pediatr Congenit Heart Surg 2019

BRI
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(MUF)

Etude randomisé (2021) 79 patients opérés de T4F =
CUF (n = 40) VS CUF + MUF (n = 39) -

CUF + MUF

FIGURE 1 Comparison of Average Hematocrit (HCT) between
CUF only and MUF + CUF groups. Adjusted mean (adjusted for

® T Hématocrite pOStOpératOire S;z:;;;z:z;ttii:z HCT) are reported at postoperative and 6 hour
+ ! Durée ventilation mécanique N
- 4 Inotropes t

- | taux d'interleukine-6 et de troponine-T .

CCCCCC

FIGURE 2 Comparison of the duration of mechanical ventilation
> 10 h between CUF only and MUF + CUF groups

Talwar S et al. J Card Surg. 2021

e
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Ultrafiltration

8 essais - 405 patients (2020) zwy 0 655 01 ;m
CUF VS CUF + MUF .
Bando(A) (1998) —-o— 1.75(1.28,2.21)  27.48
Bando(J) (1998) e+ 3e0@2r.4sy  186s
* volume d’ultrafiltrat — _._ R—
Milovanovic (2018) —— E 0.53 (0.12, 0.93) 27.91

Overall (I-squared =90.3%, p = 0.000) 1.46 (0.51, 2.41) 100.00

NOTE: Weights are from random effects analysis

493 Favours CUF (o Favours MUF + CUF 493

Figure 4. Forest plot of ultrafiltration volume between MUF plus CUF and CUF alone in pediatric cardiac surgery. Cl=confidence interval, CUF =conventional
ultrafiltration, MUF = modified ultrafiltration, SMD =standard mean difference.

HulJ et al. 2021

e
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Ultrafiltration

Study %

8 essais - 405 patients (2020) & SMD(@5%Cl)  Weht
CUF VS CUF + MUF

Bando(A) (1998) —a— 248 (1.95, 3.00) 26.82
Sever (2004) —|—0— 225(1.27.323) 2220
“ g 2 g Al | (2007 —:0— 1.94 (1.06, 2.82 23.30
* H&ématocrite post opératoire ahas e ; ‘ ’
Milovanovic (2018) i : 0.84 (0.43,1.26) 27.68

Overall (l-squared = 88.4%, p = 0.000) @ 1.85(0.91,2.79)  100.00

NOTE: Weights are from random effects analysis

323 Favours CUF ( Favours MUF + CUF 323

Figure 3. Forest plot of post-cardiopulmonary bypass hematocrit between MUF plus CUF and CUF alone in pediatric cardiac surgery. Bando (A): published inAnn
Thorac Surg by Bando. Cl, confidence interval, CUF =conventional ultrafiltration, MUF = modified ultrafiltration, SMD, standard mean difference.

Hu J et al. 2021

e
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Hémodiafiltration

Hémodialyse + hémofiltration

diffusif et convectif

Hémosol BO Poche 5000 mi
Gambro
Na' 140 mmol.I™*
ca”’ 1.75 mmol.I*
Mg”* 0.5 mmoI.I'l1
. ) . 7 . clr 109.5 mmol.I
Correction de I"hyperkaliémie E
(priming et per CEC) AT02 2 el
Pauvre en Iagtate - :..ﬂ:‘.i.':] AR
Pas de K

Pas de glucose ‘
k.

FOMPFF AETFRITLLY

BRI
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Conduite de |la CEC péediatrigue

DO, (AKI)

Adulte > 280 ml.mint.m2
Pédiatrie > 353 ml.mint.m>
Patients cyanogénes ?
VCO, (Hyperlactatémie)

Adulte < 60 ml.min1.m2

Pédiatrie: ?

QR (DO, /VCO,) <5.0: 7

e
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Sevrage de la CEC

L'hématocrite

* Respect de I’"hématocrite physiologique du nouveau-né : 42 — 45%

* Ventricules peu compliants, difficultés pour réaliser une transfusion
importante apres arrét de la CEC

* Anticiper une hémodilution obligatoire au moment de la transfusion
plaguettaire (50 ml ...)

e



Sevrage de la CEC

universite
*BORDEAUX

Pression de remplissage (POG)

N A AL [ .
e ’ i " et Vo \/ I_. |_ ——
e A% AN S R P b
MAW Gy, |, um'\ 43

WPANA A | . 106185 @y
NN AR e =
: " = -
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Sevrage de la CEC

Homéostasie ionique

* Corriger I’hypocalcémie
Faible capacité de stockage

(contractilité sous la dépendance du Ca?* extra
cellulaire)

* Corriger I'hyperkaliémie

(Hémodiafiltration, bicar)
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Sevrage de la CEC

Homéostasie thermique

* Eviter l'effet de I’"hypothermie sur I’hémostase
* Eviter l'effet de I’hypothermie sur les résistances vasculaires périphériques

* Le frisson postopératoire augmente la VO,

L'hyperthermie postopératoire augmente aussi la VO,
(11% pour chaque °C)

e
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A retenir...

Les enfants ont des besoins métaboliques élevés : débit de CEC autour de 3l.mint.m2

Coeur peu compliant : Le monitorage des pressions de remplissage est une aide précieuse
Le VAVD permet de réduire le priming et la taille des canules mais sans dépasser -90 mmHg
Transfusion de CGR récents ou déplasmatisés / ultra-filtration 100 ml.kg™

Hypothermie en pédiatrie = Statégie pH-stat

Corriger I’hypocalcémie au fur et a mesure mais attention dans le priming au sang
Monitorer les pressions de perfusion de la cardioplégie (efficacité / innocuité )

NIRS et gaz du sang en continu indispensables

e
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