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VFN

*  Kazuistika - pacient VFN
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Muz, 59 let, 178cm/128kg, ICHS + AVS
Indikace: CABGx2 + SAVR
FA: Fraxiparine forte 0,8 ml s.c. a 24h,...

Bolus 3001U/kg UHF (7,8ml) — ACT 390s
+ bolus 1001U/kg UHF — ACT 397s
+ bolus 200lU/kg UHF — ACT 410s

L,

nespokojeny perfuzionista s cilem 480s!



Reseni v EBM... ?




VFN PRAHA

Koagulace in vivo vs. in vitro
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« Serpin = serine protease inhibitor, glykoprotein o velikosti asi 58 kDa
* Pomala inhibice faktoru lla a Xa
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*  UHF heparin
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« Sulfatovany glykosaminoglykan, smes retézcu (5-40 kDa)
« Kratka sekvence pentasacharidu, ktera se vaze na antitrombin
* Polocas ucCinku — variabilni na davce — kardiochirurgie 1,5-2h

Vysokomolekularni heparin
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VFN PRAHA

Snizena hladina
Snizena stabilita
Snizena aktivita
Funkcnée defektni AT Il

Prevalence 1:3000 populace

Snizeni aktivity o 40-60% oproti norme (80-120%)

Heparinova rezistence a AT Il

Ziskany deficit

« Snizena syntéza (jatra, malnutrice)
« Zvysena clearance (nefroticky syndrom)

« Aktivace hemostatického systému
(sepse — IE, PE, DVT, DIC,...)

« ZvysSena spotreba (lecba heparinem
predoperacne — pokles aktivity o
5-7%/den)

« ECMO, IABP

Finley A, Greenberg CS. Heparin sensitivity and resistance.
Anesth Analg. 2013;116(6):1210-1222.

Lemmer J, Despotis GJ. Antithrombin III concentrate to treat
heparin resistance in patients undergoing cardiac surgery.
J Thorac Cardiovasc Surg. 2002;123(2):213-217.
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-~ Heparinova rezistence

Bez souvislosti s AT Il

« Trombocytoza nad 300tis/mm3 (aktivace PF4 — silny inhibitor heparinu)

« Nizka hladina albuminu pod <35 g/l (zvySena vazba na jiné ,neutralizacni” proteiny)
« Hypovolémie (relativné vyssi koncentrace proteind vazajicich heparin)

« ZvySena vazba heparinu na jiné proteiny ¢i non-endotelialni povrchy

« Leky (adnexanet Alfa,...)

Arepally GM. Heparin-induced thrombocytopenia. Blood.
2017:129(21):2864-2872.
Nazy I, Clare R, Staibano P, Warkentin TE, Larché M, Moore
JC, et al. Cellular immune responses to platelet factor 4 and
Durrani J, Malik F, Ali N, Jafri SIM. To be or not to be a case of heparin -complexes in patients with heparin-induced thrombo-
heparin resistance. ] Community Hosp Intern Med Perspect. cytopenia. J Thromb Haemost. 2018;16(7):1402-1412.
2018:8(3):145-148.



*  Heparinova rezistence - disledky

VFN PRAHA

Incidence az 26% dle ruznych zdroju

Komplikace managementu antikoagulace

Riziko nedostatecné antikoagulace a tromboembolickych prihod
VS.

Zvysené riziko krvaceni pooperacné s nutnosti podani krevnich derivatu
Dopad na morbiditu/mortalitu, LOS, ekonomicke dusledky

!

Nutnost uceleného managementu

Edwards JK, Sniecinski RM, Scott KJ. Non-antithrombin-
mediated heparin resistance during cardiac surgery: two case
reports. AA Pract. 2019;13(6):211-214.

Knapik P, Cie§la D, Przybylski R, Knapik T. The influence of
heparin resistance on postoperative complications in patients

undergoing coronary surgery. Med Sci Monit. 2012;18(2):
CR105-CR111.



VFN PRAHA

Jak na heparinovou rezistenci

Heparin dose

Heparin resistance management during cardiac surgery:
a literature review and future directions

Salman Pervaiz Butt (MBA, MSc, MPHYS, ACCP, FCCP, CES-A)"", Vivek Kakar™®,
Arun Kumar (MD)*, Nabeel Razzaq (ACP, MSc)’, Yasir Saleem (MSc)®, Babar Ali’,
Nuno Raposo (ECCP)®, Fazil Ashiq (MD)*, Arshad Ghori (MD)*, Philip Anderson (MD)",
Nilesh Srivatay (MD)®, Yazan Aljabery (MD)’, Salman Abdulaziz (MBBS, FRCP)®,
Umer Darr (MD)®, and Gopal Bhatnagar (MD)’

J Extra Corpor Technol 2024, 56, 136-144

- Direct Thrombin Inhibitors

- OPCABG

- Run low ACTs with regular
Heparin top ups

- Heparin coated circuit

- Anti Xa Levels

(4001U/kg)
r Any indication for
l ATl deficiency
ACT > 480
sec?
YES N0
l - Preop Heparin use
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alternative heparin
batch
A
Administer 2
3 Administer — units of FFP
heparin (5001U) ATIII
{up to 600IU/kg)
l OR
NO NO Administer
e _ P ATl (SO0IU up
After (600iu/kg) to 2000IV)
ACT > 480 >
sec?
\ 4 YES NO
Go on
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*  Jak na heparinovou rezistenci

VFN PRAHA

* Identifikace rizikového pacienta

» Opakovana davka heparinu (az 6001U/kg)
* Substituce AT Ill (koncentrat vs. FFP) 1 &3

ACT > 480
sec? \
YES NO
i - Preop Heparin use
. - Liver disease
R quann <€ - Upregulated Haemostatic system
esistance ~ Nephrotic syndrome
Consider using - Extracorporeal circuit (ECMO,IABP)
alternative heparin
batch
A
Y Administer 2
al Administer P»{ units of FFP
] heparin (5001U) ATII
(up to 600IU/kg)
OR
Y
NO NO Administer
Ac;‘;;so : » AT (500U up
After (600iu/kg) to 2000IV)
- Direct Thrombin Inhibitors
. i - OPCABG
ACT > 480 - Run low ACTs with regular
sec? Heparin top ups
NO - Heparin coated circuit
2 YES - Anti Xa Levels
. Go on <
B

= CPB




*  Kazuistika - pacient VFN
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Muz, 59 let, 178cm/128kg, ICHS + AVS
Indikace: CABGx2 + SAVR
FA: Fraxiparine forte 0,8 ml s.c. a24h,...

Bolus 3001U/kg UHF (7,8ml) — ACT 390s Baxalta

.+ bolus 100lU/kg UHF — ACT 397s g’&‘gﬂ?%ﬂlﬁ‘/m L
* + bolus ZOOIU/kg UHF — ACT 410s | prasek a rozpoustédio pro infuzni roztok

Antithrombinum 1l

+ bolus ATIII 10001U

ladnicce (2 - 8 °C).
Chrafite pfed mrazem. Uchovavejte v pivodnim obalu, aby byl pfipravek chranén pied svétl
Uchovévejte mimo dohled a dosah déti.
Nepouzitelné |é¢ivo vrafte do Iékarny.
Vydej Ié€ivého pripravku vézan na lékaisky predpis.
| Baxalta Innovations GmbH
AC I 4 O 4 s Industriestrasse 67, A-1221 Viden, Rakousko

davka ATIII(IU) = [(cilova % — aktualni %) x hmotnost (kg) / 1,4]
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VFN PRAHA

* Identifikace rizikového pacienta

« Opakovana davka heparinu (az 6001U/kQ)
« Substituce AT Ill (koncentrat vs. FFP)

A CO KDYZ TOTO NESTACI?

Jak na heparinovou rezistenci

Heparin dose

Any indication for

ATl deficiency

A

- Preop Heparin use

- Liver disease

- Upregulated Haemostatic system
Nephrotic syndrome

- Extracorporeal circuit (ECMO,IABP)

NO

Administer 2
units of FFP
(5001U) AT

OR

(4001U/kg)
Y
ACT > 480
sec?
YES
¢ NO
Heparin
Resistance
Consider using
alternative heparin
batch
A
1 Y
- Administer
< heparin
(up to 600IU/kg)
A
NO ACT > 480
sec?
Y

Go on P

After (600iu/kg)

A

YES

Administer
ATII (SO0IU up
to 2000IU)

- Direct Thrombin Inhibitors
- OPCABG

CPB B

NO

o]~ Run low ACTs with regular
Heparin top ups

- Heparin coated circuit

- Anti Xa Levels




VFN PRAHA

*  Jak na heparinovou rezistenci

» Alternativni testy koagulace
* Alternativni antikoagulancia
» ?MO pfi nizké hodnoté ACT?

Y
ACT > 480
sec?
YES = A 4
& N - Preop Heparin use
. - Liver disease
R quarln - Upregulated Haemostatic system
esistance - Nephrotic syndrome
Consider using - Extracorporeal circuit (ECMO,IABP)
alternative heparin
batch
A
A Administer 2
o Administer » units of FFP
| heparin (5001U) ATII
(up to 600IU/Kkg)
OR
Y
NO NO Administer
“CLC’C;BO - » ATHI (5001U up
After (600iu/kg) to 20001V)
- Direct Thrombin Inhibitors
h 4 - OPCABG
ACT > 480 - Run low ACTs with regular
sec? "1 Heparin top ups
NO - Heparin coated circuit
L 2 YES - Anti Xa Levels
Go on =

™ CPB =
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« Rutinne v praxi od 70. let 20. stoleti, rychla bed-side metoda
 Aktivace koagulacni kaskady v plné krvi pomoci aktivatoru (variabilni dle vyrobce)

 Nizka specifita — neni to test na heparin
(vliv hematokritu, trombocytu, fibrinogenu, teploty, antikoagulancii)

* Problematicka reprodukovatelnost
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VFN PRAHA

*  Alternativni testy u heparinové rezistence

 Aktivita Anti-Xa v laboratori: trva desitky minut (VFN 30-45min)

- terapeutické okno”: 2,0-4,0 IU/ml

 HMS (Hemostasis Management System)
- bed-side test

- inkubace krve s ruznymi znamymi davkami protaminu
- stanoveni aktivniho mnozstvi heparinu

* Heptest-POC-Hi

- mereni zbytkoveé aktivity Xa po jeho inhibici heparinem (+AT IlI)

- méne ovlivneny faktory akutni faze
- zavisly na pritomnosti AT I

Heparin Monitoring During Cardiopulmonary Bypass Surgery
Using the One-Step Point-of-Care Whole Blood Anti-Factor-Xa
Clotting Assay Heptest-POC-Hi

Peter Hellstern, MD:* Juergen Bach, PhD;* Melanie Simon, MT;* Werner Saggau, MDt



VFN PRAHA

* A co VET (ROTEM)?

EACTS/EACTAIC/EBCP Guidelines on Cardiopulmonary Bypass in
Adult Cardiac Surgery (2024):

- viskoelastické testy (ROTEM/TEG) nejsou validovany jako samostatny
monitorovaci standard pro spusteni nebo vedeni MO

CaCl, + Tissue Factor + Polybrene CaCl, + Ellagic Acid

-1H 12:30 5T: 12:31

CT: 795 AS5: 29mm Al0: 38mm CT: >7409s A5 -mm Al0: -mm P P . p

W dnm MG e U s M mmo me % Uee % CT-INTEM 1, CT-HEPTEM normalni — heparinovy efekt
EXTEM + Cytochalasin D INTEM + Heparinase pFitomen, ACT nespoléhat — pOtVI’d' anti-Xa

e =

ST: 12:32 HEPTEM ST:

CT: 87s  AS: 9mm  A10: 10mm CT: 279s A5 29mm  A10: 38mm

MCF: 13mm ML 27%  LI60: 73% MCF:  48mm ML 8%  LI6O: 929%
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bez potreby AT Il
- neni antidotum
- obtizne predvidatelny polocas eliminace

Alternativni antikoagulancia u HR

- vyhoda specifickych testt (ECT — ecarin clotting time, ACT-celite)

Boysan E, Cirer R, Beyazal OF, Sener E. Bivalirudin for
cardiopulmonary bypass in a patient with heparin allergy.
J Cardiothorac Surg. 2023;18(1):258.

Nafamostat mesilate

Greinacher A, Volpel H, Janssens U, Hach-Wunderle V,
Kemkes-Matthes B, Eichler P, et al. Recombinant hirudin
(Lepirudin) provides safe and effective anticoagulation in
patients with Heparin-Induced thrombocytopenia. Circulation.
1999:99(1):73-80.

- inhibitor faktoru XlI, fibrinolyzy, agregace trombocytu

- pouzit jako doplnék k heparinu u pacientt s heparinovou rezistenci
- snizeni incidence tromboembolizacnich prihod vs. low ACT

Kikura M, Tanaka K. Hiraiwa T, Tanaka K. Nafamostat
mesilate, as a treatment for heparin resistance, is not associated
with perioperative ischemic stroke in patients undergoing
cardiac surgery with cardiopulmonary bypass. J Cardiothorac
Vasc Anesth. 2012:26(2):239-244.

Sakamoto T, Hiroya K, Miyahara S, Inoue T, [zawa N, Gotake
Y, et al. Efficacy of nafamostat mesilate as anticoagulation
during cardiopulmonary bypass for early surgery in patients
with active infective endocarditis complicated by stroke. J Heart
Valve Dis. 2014;23(6):744-745.
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Epoprostenol (prostacyklin) jako adjuvans?

Aktivace adenylatcyklazy — T cAMP v trombocytech — inhibice agregace
Neprimy antikoagulacni efekt — mirné prodlouzeni ACT

Polocas ucinku — 2-3 minuty

Rychla enzymaticka degradace v plicich a plazmeé

Vyuziti pfi nemoznosti podat heparin (HIT pri nedostupnosti DTI)
Teoreticke prodlouzeni ACT pri heparinové rezistenci s aktivovanymi
trombocyty (IE, sepse,...)

VELETRI

epﬂpros’[eng| for Injection

1Jh



Metz 5. Keats ulation time during
cardiopulmonary byp ase postoperative bleed-
ing. Ann Thorac

» V pfipadé nedostate¢né antikoagulace (nizké anti-Xa) NENI doporuéeno
spustit MO — prechod na alternativni zpusob antikoagulace

» Pokud neni k dispozici DTl a anti-Xa ani po max. davkach UFH/ATIII

neukazuje adekvatni ucinek — vyssi davky UFH + akceptace nizsiho ACT

« ACT pod 400s mimo guidelines, nutny mezioborovy souhlas, velmi sporné



VFN

*  Kazuistika - pacient VFN
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Muz, 59 let, 178cm/128kg, ICHS + AVS
Indikace: CABGx2 + SAVR
FA: Fraxiparine forte 0,8 ml s.c. a24h,...

Bolus 3001U/kg UHF (7,8ml) — ACT 390s
+ bolus 100lU/kg UHF — ACT 397s

+ bolus 200lU/kg UHF — ACT 410s

+ bolus ATIII 10001U — ACT 404s

+ bolus 1001U/kg UHF
L, ACT 497s



*  Jak na heparinovou rezistenci - mé moznosti

VFN PRAHA

* Inicialni bolus UHF 3001U/kg — nizke ACT — bolus UHF 1001U/kg —
nizké ACT — bolus ACT do davky 600IU/kg

« Stale nedostatecné ACT — bolus ATIII 500-10001U (az 20001U)
davka (IU) = [(cilova % — aktualni %) x hmotnost (kg) / 1,4]

« Stale nedostatecné ACT — stanoveni hladiny anti-Xa
adekvatni koncentrace heparinu anti-Xa > 2,5-4,0 IlU/ml|

« Nedostatecna uroven antikoagulace UHF — Argatroban, Bivalirudin

Argatroban - bolus 0,1-0,3 mg/kg s naslednou infuzi 5-10 ug/kg/min, ACT 500-600s (norma za 2-4h)
Bivalirudin — bolus 1 mg/kg, prime pumpy 50 mg, nasledna infaze 2,5 mg/kg/h, ACT-celite 400-480s (norma za 1-2h)

 Pri nedostupnosti DTI — zvazit podani epoprostenolu
kontinualni infuze - davka obvykle 4-10 ng/kg/min

The Society of Thoracic Surgeons, The
Society of Cardiovascular Anesthesiologists,

 Vyjimecne multidisciplinarni souhlas a akceptace ACT nad 400s e ancricn sodery ofmancorpor

Technology: Clinical Practice
Guidelines*—Anticoagulation During

monitorace ACT & 1h s bolusy heparinu Cardiopulmonary Bypass

e-Lesserson, MD, Robert A. Baker, PhD, CCP, Victor A. Ferraris, MD, PhD,
Philip E. Greilich, MD, David Fitzgerald, MPH, CCP, Philip Roman, MD, MPH, and
John W. Hammon, MD N
Ann Thorac Surg
2018;105:650-62
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VFN PRAHA

@ START: Nizké ACT (< 480 s) po davce 300 IU/kg UHF

© Krok 1 - Opakuj davku heparinu (do 600 1U/kg)

— stale nizke ACT?

@® Krok 2 - Zvaz deficit AT lll - stanov hladinu / aktivitu

— pokud < 60 % nebo klinicke podezreni — substituuj (koncentrat / vyjimecne FFP)

© Krok 3 - Zkontroluj dalsi pFi¢iny

(trombocytoza > 300 tis, hypoalbuminémie, hypovolémie, sepse, PF4 interakce, lécba LMWH)
Krok 4 - Sleduj anti-Xa hladinu

- terapeutické okno: 2,5-4,0 1U/ml

- pokud nizka navzdory ATIIl — heparin neucinny

@ Krok 5 - Alternativni strategie

- Direct Thrombin Inhibitor (argatroban / bivalirudin)

- pri nedostupnosti DTl — epoprostenol (kratkodoby adjuvans)

- multidisciplinarni dohoda pri ACT > 400s

@ Cil: Adekvatni antikoagulace (anti-Xa 2,5-4,0 IU/ml / ACT > 480 s)

- bezpecneé spusteni mimotélniho obehu
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VFN PRAHA




