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Technologie des Dialyseurs
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Thrombose
Inflammation Chronique . .
- Agrégation plaquettaire

Intéraction Sang/Membrane - Activation de la cascade de coagulation

Activation du complément
-> Activation monocytes (IL-1, IL-6, TNFa)
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Circuit de dialyse : Ou cela coagule-t-il?
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=> (’est la membrane qui, principalement, active la coagulation

Lucchi et al. Artificial organs 2006 30:106
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1- Voie Intrinseque et Membrane
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Cinétique Per Dialytique : F-XlIla
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+/- Membrane
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2- Facteur Tissulaire et Membrane

Pourtant la membrane
n’est pas une cellule endothéliale?...




2- Facteur Tissulaire et Membrane

mAb anti-
FT

Lakbakbi S. et al. Thrombosis Research 2016 144:218



Cellules (PMNs, monocytes, plaquettes)
et microparticules adhérentes au dialyseur
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Que faire?



Les (vieilles) recommandations

V.2 Prevention of clotting in the HD patient with
' normal bleeding risk |

Guideline V.2.1

A. In patients without elevated bleeding risk low-dose
'unfractionated heparin or LMWH can be used | to
prevent clotting of the extracorporal system during
haemodialysis.

(Evidence level: A)

Guideline V.2.2

A. Because of proven safety (evidence level: A), equal
efficacy (evidence level: A), and easy handling (evidence
level: C) [the use of LMWHSs is to be preferred over|
lunfractionated heparin. |Other benefits of LMWH
are an improved lipid profile (evidence level B), less
hyperkalaemia (evidence level: B) and less blood loss
(Evidence level: C).

EBPG 2002, Nephrol Dial Transplant (2002) 17 [Suppl 7]: 63—71




Les HEPARINES

Un « Mélange » de glycoaminoglycanes
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Elimination des dérivés hépariniques

HBPI\I

Systéme Réticulo-endothélial Rein

A 4
RAPIDE - LENT
SATURABLE N 7 NON SATURABLE



/2 vie des Héparines en Hémodialyse

» HNF : Y2 vie non
modifiée

» HBPM : Y2 vie x 2

Goudable, Thromb Res., 1986 Jul 1:43(1):1-5.




Bolus ou continue ?
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L’héparine a long terme...
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Le probleme




0.25
log-rank P < 0.0001
pl— S = e
* 0.20 ;
&
L]
o
TP g 0.15 -
Contact TCA d
: s patiway »
Eaias Sl i, TS E o010
pathway X E
\ g Infrinsic a
) pathway
%
Vill= s 0.05 -
— —,  e——— el
W [Fibrinogan ot
oy R L R
0.00 A——5
A 1] 1 2
i _ V T'T
o Common pathway —— Control
Fibi -—- Dialysis CKD
ibrin P
------ Dialysis-free CKD
% lormation - Patients at risk e
g e

Control 1148 1133 1090 1051 985 898 799 699 575 478 366 275 171
Dialysis CKD 574 551 G518 481 437 385 320 272 220 174 126 92 53
Dialysis-free CKID1148 993 824 753 649 563 478 389 290 244 188 122 66

=N rCY

Ficure 2: Cumulative incidence of lower gastrointestinal bleeding in dialysis CKD, dialysis-free CKD, and control groups.

Table III Thrombin Generation Time Parameter Estimates Following a Single-Dose of Enoxaparin 1 mg/kg

Parameter Control (n = 8) HD [n=8) PD (n =8) P Value
TGT:. 5. ,min 4.3+0.8 43+1.3 43+1.7 NS

N 10.8 + 1.8 13.0 + 4.5 12.8+ 2.9 .001%
TGT AUEC,,,, min/h 91.3 + 14.3 115.8 + 34.6 122.6 + 28.3 07
TGT,,,~TGT,__, ., min 0.8+1.0 3.9+1.3 3.9+1.8 .002*

Data presented as mean + SD. TGT, thrombin generation time; HD, hemodialysis; PD. peritoneal dialysis: NS, not significantly different; TGT,_,.. maximal
TGT effect; AUEC, ,,, area under the effect-time curve from 0 to 12 hours; TGT,,,—TGT, ;... difference in TGT at 12 hours compared to the baseline TGT.
a. Both hemodialysis and peritoneal dialysis groups are significantly different from the control group.

Hindawi, Gastroenterology Research and
Practice, 2020

J Clin Pharmacol 2006;46:887-894




Gestion du Risque hémorragique
en Hémodialyse

» Quelle situation?

Pé rI-O pé rat0|re (Neurochirurgie, ...)
Saignement actif ou dans les 7j (igesti, retinien, ..

AVC récent (hémorragique ou non), |V|a|f0rmatlon
vasculaire cérébrale

HTA non controlée
AVK, trouble de |la coagulation...

, , . Kessler et al., Seminars in Dialysis, 2015 pp. 474—489
Shen JI et al., Nephrol Dial T, lant 2013; 28: 1589-1602.
Cathéter épidural, PBR, ... en J1 et . Nephrol Dial Transplant 2 .
EBPG, Nephrol Dial Transplant 2002; 17(suppl 7): 63—71.
Kidney International Supplements (2012) 2, 8—12 11




Gestion du Risque hémorragique

éviter une anticoagulation systémique pour éviter une thrombose « localisée »

» Quelles solutions?
Titrer é Ia baisse => pratique hétérogéne +++ et le risque persiste
Héparine (art.)/Protamine (vei.)

Membranes
1 Bioactives
1 Modification Physicochimique

Ri NaCl0.9% 3| e réaul;
HDF en mode Prédilution

Anticoagulation au(x) citrate(s) avec ou sans
calcium

Kessler et al., Seminars in Dialysis, 2015 pp. 474—489
Shen JI et al., Nephrol Dial Transplant 2013; 28: 1589-1602.
EBPG, Nephrol Dial Transplant 2002; 17(suppl 7): 63=71.




Pourquoi le citrate?

» Parce qu'il chélate le calcium ++

» Calcium co-facteur indispensable
Enzyme de |la coagulation
Activation plaquettaire...

Voie intrinséque Voie extrinséque
— Facteur tissulaire
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Anticoagulation Régionale au citrate
Citrate + dialysat sans calcium

Site pour ke iCa™ post-filtre
{0.25 -0.35 mmcd I ¥)

R 4 citrate
. 30-60 mmol/h Ca

Tl

24
{mmel/L)

1,15

Ultrafiltrat 0,3

0.2

Débit Sang



Risque de l'utilisation du citrate

» Hypernatrémie

Citrate trisodique

» Alcalose
Transformation en bicarbonate

» Hypocalcémie et Hypomagnésémie
Si surdosé

» Hypercalcémie
Si compensation mal ajustée




« Des » dialyses au citrate

Citrate + dialysat AVEC calcium

citrate
30-60 mmol/h

p—h

Ca2+

1,15

0.75
0.5

0.3
0,2

Table 3. Clotting and Thrombus Formation in Stable
Chronic Hemodialysis Patients During Citrate and
Heparin Anticoagulation

Citrate Heparin
Dialysis No.  Dialysis P
(%) Mo. (%) Value
Clotting phenomena 6 (32) 1(6) 0.036
Thrombus formation 0.24
Clean 11 (58) 13 (68)
Moderate blood clots 3 (16) 5 (26)
Full of blood clots 5 (26) 1(9)
Early termination of dialysis
session due to clotting or
thrombus formation 2(11) 0(0) 0.15

75 mmol/h, n = 19, PS

AJKD, Vol 39, February 2002: pp 315-323



« Des » dialyses au citrate

Citrate + dialysat AVEC calcium

Table 3. Clotting Phenomena

ANG9ST RCA-Ca0 RCA-Ca3.0 P
No. of sessions 31 o2 30
Clotting events 14 (45)® 1(3)* 5(17) <0.05
Clotting events necessitating early termination 12 (39)® 0 (0)* 4(13) <0.005
Time to clotting (min) 181 (135-235) 30 172 (18-223)
Dialysis duration (min) 220 = 32¢ 240 + 0* 236 + 12 <0.005
Clotting score dialyzer 27 +1.0°" 11+1.0° 1.5+1.0° <0.0001
Clean, white (%) 0 6.5 10.7 <0.0001
White, limited fibrin deposits, head of dialyzer (%) 16.7 7.4 42.9
White, mild fibrin deposits, head and along body dialyzer (%) 20.0 12.9 32.1
Completely clotted, rinse back successful (%) 433 3.2 10.7
Completely clotted, rinse back unsuccessful (%) 20.0 0.0 3.6
Clotting arterial expansion chamber (%) 76.7%P 22.6% 14.3° <0.0001
Clotting venous expansion chamber (%) 86.7% 12.92:b 75.9° <0.0001
Note: Values expressed as number (percent), mean (range), or mean = SD.
abParameters with same suffix differ significantly (analysis of variance).
Pourcentage de Réussite 601%  100% 87%

60 mmol/h, CaCl 10%, PS

AJKD, Vol 49, February 2007: p. 642



« Des » dialyses au citrate
DIALYSAT citraté

——— — =

24+
(mmal/L}

Caz'l-

1,15

1,15

0,5

0,3
0,2 0,3
0,2

Nephrol Dial Transplant. 2021 Mar 9;36(4):745-746.




Membrane

Approche Approche
« Biopharmacologique » « Physico-chimique »



Approche « Biopharmacologique »

Membrane « médicament »

Greffée a la Vitamine E

. Hydration layer
/ hydrophilic

a -tocopherol
/ hydrophobic
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Hepran

Interiority Superiority
threshold: threshold:

-15% +15%
i 7

| - Non-inferiority accepted
- Superiority threshold not reached

: Lower bound: i Difference:
: +7.9% To+18.2%

: gxwc TN
H of the difference:

1
-30 - -10 0 10 20 30
Favor
standard Fanor N
of eare HGM v

Difference HGM — standard of care (% of success)

Echec sur la supériorité
Temps de séance > dans le Groupe Membrane greffée
3,65hvs 3,45h, p=0,018
Qualité de la séance équivalente (Kt/V)
31,5% d’échec de séance

Kidney International (2014) 86, 1260-1267

Dialyzer Performance During HD Without Systemic Anticoagulation
Using a Heparin-Grafted Dialyzer and Citrate-Enriched Dialysate

Setting & Participants
Randomized, crossover, noninferiority study

EVOCITARM 77 ™%, EVOMEP ARM

Heparin-grafied dialyzer  Heparin-grafted dialyzer
citrate-enriched dialysate bicarbonate dialysate

NO heparin unfractionated heparin
4 waeks 13 -g .*j1 4 weeks
3xfwh HD Axfwk HD
2 weaks 4 wieeks
ufwk HD 13 || ' 13 roﬂ Bfwk HO
07 sessions 310 sessions

Results
. ENOCIT  EVOHEP |
KV, 147 £ 0.05 1.5+ 005

0% noninferiarity margin: —0.15
A95% Gl —0.03 (-0.06 to —0.007)

Online Kt (L) 471+ 086 480+05
Mo of shortened treatments 13307 0310
Treatment time (min) 235145 23811
Thrambin-antithrombin

Cameles i) 35 (25-45) 11 (5-20)
Dialyzer blood compartment

volume (mL) i 5615

CONCLUSION: EvoCit is noninferior to EvoHep for solute clearance but results in more

Warlian Franpeis, Dieter Do Clerck, Annelias Tannelier, af af |

ERAJKDanlne | DO 10,9053 ajkd 2020.04.004

shortened treatments. membrane clotting. and thrombin generaticn.




Approche « Physicochimique »

Membrane Modifications Résultats clés
| adsorption protéique,
. . Pores asymétriques, surface At ;
Asymmetric Triacetate ymetriq | activation coagulation
lisse — HD possible avec demi-dose ou zéro
héparine.
| activation
. Grefface polymere plaquettaire/leucocytaire
Hydrophilic PSF 8 ,P ,Y . icul
hydrophile interne | microparticules,
| IDH, possible amélioration de la résistance a
PESA.

Biomedicines 2022, 10, 844.




Utiliser la présence des AVK
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AVK et HD :

CHAMO study REMARK study
N = 10 sous AVK, I seance Ps vs Hepran N =46 sous AVK, sur 3 semaines

14 14 \ 0 1 4 °
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Nephrol Dial Transplant (2014) 29: 906—913 Chaix et al., SFNDT 2022




Poids des AVK vs
de dialyse

INR 3.0 (n = 496) 0.2% %

INR (2.0-3.0) (n — 1665) 1.3% »

héparine durant la séance

63.3%

67.2% DOheparin injection (P = 0.27)
Wlotting event (P <0.0001 }

INR <10 {(n = 681) 8.4% & ! 66.2%

30 % 20 % 10 % 0% 10 % 20 % 30 % 40 %% 50 % 60 % 70 %

FIGURE 2: Frequencies of heparin injection and clotting events according to [NR range. P < 0.05 sessions with INR 2.0 versus INE 2.0-3.0 or INR »3.0, and sessions
with INR 2.0-3.0 versus INR =3.0,

Conclusion. Our study established a predictive model of thrombosis risk of dialysis circuits in patients treated by VKA for a
given heparin dose and a given INR. This model shows a marginal contribution of heparin to protect against the risk of

thrombosis compared with VKA. Moreover, heparin would not appear to be necessary for patients with an INR »2.2. |

Clinical Kidney Journal, 2020, vol. 13, no. 4, 647-653




Rincages et autres dilutions



HDF Prédilution
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Clinical Kidney Journal, 2021, vol. 14, no. 8, 1901-1907



HDF Preé-dilution

100 -+ HD with heparin-grafted membrane + Citrasate
3 bty * Conventional HD + Citrasate
E 1 Log-rank p=0.09 ™" Pre HDF + Citrasate
|3
2 50-
1
3
L 254
o I I I 1
0 60 120 180 240
Dialysis time (min)
NUMBER AT RISK
Conventional HD 60 60 60 58 47
Pre HDF 74 74 69 64 48
HD with heparin-grafted
membrane 62 62 62 62 47

Nephrol Dial Transplant. 2025 Aug 29,40(9):1802-

4 O\ 7\ -



Rincage du circuit = NON!

J 4 °
. Mécanisme?
rade 1 : r
Mo detectable Minimal Clot formation, Complete occlusion _ DéCOHC 1€S caillots
Score /H T chotting clot formatian dialysis possible o i L, )
L dialysis impossible - Nécessité d’augmenté
| LN e ] I’'UF

Etude prospective:
J HBPM et ringcage
n= 8 avec PS

Avec Ringage Sans Ringage

Score
Grade 3 54 26 p <0001
Grade 4 4/24 0/24

Sagedal et al. NDT 2006 21: 444




En conclusion



Chacun son protocole

Entre efficacité et sécurité, A vous de choisir votre protocole

Hepran
+

Citrate

Efficacité




Dans le futur



Inhibiteurs du Facteur XI : Le Futur ?

Figure 2. Tha role of polyPIFXII in thrombosis. (A) Initially. the TF/FVila-driven “extrinsic™ coagulation pathway tnggers fibrin formation at sies of injury. FXII has no functon
during thes slage. Tissue factor pathway inhibitar (TFPI) = refeased from endothedfial cells and adherent platelots and biocks TF activity. (B) In the developing thiombus,
activated plateist-raleasad polyP tiggers fbrin production via actvation of FXII that drives the “intrinsic™ coagulation castade. polyP/FXTl-diven fibnn lormation operales
distant from the inpurad wessol wall and. honce. does not contribute to hemostasis.

BLOOD, 2012 VOL 120, N22




Ex vivo, 10 volontaires « sains »,
3h de « séances »

100 5

]
=
1

-~ Enoxaparin

= Enoxaparin +
Abelacimab

[=2]
=
1

Circuit occlusion [%)]

TMP [mmHg]
g

15 60 90 120 180
Runtime [min]

@ Journal of Thrombosis and Thrombolysis (2024) 57:1339—1348



Inhibiteurs du Facteur XI : Le Futur ?

Phase 2 Study of the Factor Xl Antisense

Inhibitor IONIS-FXlrxin Patients with ESRD

Poal-Tramsm
Ferod
7 P Gohort
Pharmacokinetics similar when given before or after HD [ Does. | N M- Hernio- IR
ﬁ v g i Lwems [EEEE f '. daysis
R @ Wwiticenter N ncoumulation of 1ONIS-FXTix absaryed Ecrsening D1 Des
; id 4 A Cohorl A and B Trommant Fonad Fo&t Tmatmont
2 . Dt B FROROE X1 Achty MuorBleacing. Evente’; Cncs waeky 5 0. IyRCONG of BONIS-FXI Ratiod
@\.’ Deouble- blinded S0 00mg Decreased 56.0% 200/ma 0.0% daga | N oo !
A T ! 7 18 . 12 wesk 12 it
S0 30 myg Decreased 70.7% 300 mg B,7% o 50 i e
30 mg 18 |4 WAk
&E 43 patients on HD (¥ ' Placebn Decreasad ' 3.9% Placebo 7.7% Facsng i P

Dase dependent prolangation of aPTT without changes in INF

H 12 weeks

*Bedois adverss avercls wWésk nol considared relaled bo traalment A

Table 3. HD circuit clotting results for patients included in the randomized I0NIS-FXlg, and placebo groups (per-protocol and ITT populations)

IONIS-FXlgx IONIS-FXlpx
Overall air trap and dialyzer events with a clotting category =3 Pooled placebo (n — 10) 200mg (n —12) 300 mg (n — 12)
Number of category =3 eventsftotal events, (%)"
Before week 6 (baseline)
Per-protocol population Laspoctionsite’ | Calegery 3 Category 4 43/70 (61.4%) 60/83 (72.3%) 38/85 (44.7%)
Inteni-fo-freat population Adr Trap Clat formation | Coagulated 47/91 (51.6%) 73/99 (73.7%) 41/103 (39.8%)
Beiween week 6 and week 13 3;::1::;::5 :E‘:d::;':nem el
Per-profocol population e 49/79 (62.0%) 38/95 (40.0%) 18/90 (20.0%)
Intent-to-freat population Distyzes Blood suipes. | Cougulated fler 52/102 (51.0%) 41/98 (41.8%) 19/101 (18.8%)
affecting 5% or
more of the
fibers seen at the . .
surace of e Kidney International Reports-(2022)-7; 200—209
alyzer




Ces petits « rien(s) » qui changent tout...

» Le Débit Sang (> 250mL/h?)
Qualité de la FAV

» La Membrane +++
Taille +, « débullage »

Circulatory Stasis

» LUInflammation+++, le dialysat
» LU'Hématocrite (Anémie, Transfusion, Recirculation)

» L'Ultrafiltration



Merci de votre attention
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