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Hemosztatikus egyensuly

Hypercoagulability Hypocoaqulability

Procoaqgulant factors
Fibrinolysis inhibitors

Coagulation inhibitors
Fibrinolytic factors

A hemosztatikus rendszer érzékeny egyensulyt tart fenn a véralvadas
aktivacio-gatlas és a fibrinolizis aktivacio-gatlas kozott.
Dade Behring Marburg GmbH



Hipokoagulabilitds

fiziologiasan csak ritkan fordul el6 (pl. 0jsziilottben) ,
legtobbszor terapias antikoagulacio valtja ki (pl. K vitamin
antagonistak).

Hiperkoagulabilitds

m DIC (disseminated intravascular coagulopathy)
W SZepszis

m tumor

m trauma

m patologias terhesség

m tromboembdlia, trombofilia

m akut kardiovaszkularis esemény



Trombocitak laboratoriumi vizsgalatai

Sziirotesztek

Teljes vérkép (Trombocita szam, MPV, egyéb sejtes elemek)
Mindségi vérkép
Alvadasi szlir6tesztek (Pl, APTI, Tl, RI, Fibrinogén)

A trombocita miikodes vizsgalata

Verzésido
Trombocita aggregacio (turbidimetrias modszer, impedancia
aggregometria, PFA)

Trombocita szekrécio (ATP, Ca, thromboxan, beta-thromboglobulin,
serotonin)

Trombocita aggregacio és szekrécio egyiittes mérése: lumiaggregometria
Aramlasi citometria

Alvadék retrakcid

Elektromikroszkop

Molekularis genetikai vizsgalat

ASA ¢s clopidrogel rezisztencia
Szakmai Iranyelv, Pfligler Gyorgy 2013



Trombocita funkcio vizsgalata —

Point-of-Care

m PFA-100: ASA, P2Y ,, vWF (zarodasi 1d6, magas nyiroero)

m VerifyNow: ASA, P2Y ,,, GPIIb/IIla gatlo (optikai detektalas,
fibrinogénnel bevont gyongy)

m Chrono-log Aggregometer: ASA, P2Y ,,, GPIIb/I1la gatlo (elektromos
Impedancia)

m Platelet-Mapping Assay: ASA, P2Y ,, (TEG+kit: reptilaz, F XIIIa)



Hemofilia — amikor a hemosztatikus

egyensuly hipokoagulabilitas felé billen
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Velesziiletett hemofilia

Prevalence in
the general population required

Deficient factor

Inherited X-linked recessive coagulation factor deficiencies

Factor VI 1:5,000 in males 25-30 %
(Hemophilia A)
Factor IX 1:30,000 in males 25-3090

(Hemophilia B)

Inherited autosomal coagulation factor deficiencies:

VWF 1:1,000 or higher 40-60 %
(von Willebrand Disease)

Factor VII 1:500,000 15-20 90
Factor V 1:1 million 15-20 9%
Factor X 1:1 million 15-20 9%
Factor Xl 1:1 million 15-20 9%
Factor Xl 1:1 million 2-50p
Fibrinogen 1:1 million 0.5g/L
Prothrombin 1:2 millions 20-30 9%

Hemostatic level

Plasma
half-life

12 hours

24 hours

8-14 hours

4-6 hours

36 hours
40-60 hours

40-70 hours
11-14 days

2-4 days

3-4 days

Clinical symptoms

Joint and muscle bleeding

Joint and muscle bleeding

Mucosal bleeding, menorrhagia;
joint and muscle bleeding
only in type 3 VWD

Mucosal,
joint and muscle bleeding

Mucosal bleeding

Umbilical cord,
joint and muscle bleeding

Posttraumatic bleeding

Umbilical cord,

intracranial and joint bleeding,
miscarriages,

impaired wound heeling

Umbilical cord,
joint and mucosal bleeding,
miscarriages

Umbilical cord,
joint and mucosal bleeding

Dade Behring Marburg GmbH



Haemorrhagias diathesis diagnosztikaja

Sziirotesztek

Pl, APTI, TI, (RIl), Fibrinogén,
Plazma faktorok

VIHINWE komplex (VIHI:C, vWF:RCo, VWF:AQ),

egyéb faktorok (11, V, VII, X, IX, XI, XI1, XIII),

gatlok (kvalitativ és kvantitativ meghatarozasok)
Trombocita funkcio

adhézi0, aggregacio, ,,release”, prokoagulans aktivitas
Fehérjek

Faktor Ag, VWF multimer analizis,

Diszfibrinogén struktura, trombocita membran protein
Molekuldris bioldgiai tesztek

FVIII, FIX és egyéb gének




Veéralvadasi szurotesztek

Hemophilia Aand B

Von Willebrand disease

Factor VI, X
or V deficiency

Factor IX
or XlI deficiency

Factor XIII deficiency

Afibrinogenemia

PT
Dade® Innovin®
Thrombore[® S

Normal
Normal
Prolonged
Normal

Normal
Not clottable

APTT Platelet function
Dade® Actin® Dade®Actin®FS,  PFA-100% Analyzer
Dade® Actin® FSL; Pathromtin® SL

Prolonged Normal
Normal or slightly prolonged Prolonged
Normal Normal
(or slightly prolonged)

Prolonged Normal
Normal Normal
Not clottable Normal or

slightly prolonged

Specific factor reagent [ assay

Factor VIll and
Factor IX Deficient Plasma,
Factor VIl Chromogenic Assay

BC von Willebrand Reagent,
vIVF Ag® assay

Factor VI, Factor X and
Factor V Deficient Plasma

Factor IX and
Factor XII Deficient Plasma

Berichrom® Factor XIII

Multifibren® U

Dade® Thrombin Reagent,
Dade® Fibrinogen
Determination Reagents

Dade Behring Marburg GmbH



Prospective validation of a bleeding score

Patient 1D: Date of recruitment: Sex:
Date of birth:
Epistaxis lDl'al cavity Surgery Muscle hematoma
0 N or trivial (less than 5) o | Mo |1 INn bleading in at least 2 surgeries o |Mever
1 = 5ar more than 10° 1 | Reported at least ane | 0jct or na bleeding in 1 surgery 1 | Post-rauma no therapy
1 |Reported in <25% of all surgeries
2 necus na ther
2 | CONSULTATION OMLY 2 | CONSULTATION ONLY > [Roporiad in >25% of all surgerias, no Sponta hnicd
Packing or Cautarization or i \—Jntervention 5 |Spontaneous or raumatic requiring
*  Antifibrinolytics 3 |Surgical hemastasis or Atiibrinoiytics | | 3 |Surgical hemstasis or Anlifibrinolytics| || Desmopressin or Repiacement therapy
4  Blood transtusion or Replacemant 4 | Blood transfusion or Replacement 4 [Blood fransfusion or Fleplacement 4 |Spontanecus or traumatic requiring
|therapy or Desmopressin therapy or Desmopressin | ltherapy or Dosmopressin Surgical intervantion or Bloed transf
Cutaneous G bleeding Menarrhagia Hemarthrosis
0 |o orwiviat ] o0 |No ‘D Mo 0 |Mever
o or <1 cm
1 Associated with uicer, portal 1 |CONSULTATION OMLY 1 Post-trauma no therapy
nypertension, hemormolds, angiodysplasia
1 =1 emand no fraumsa 2 | Sportaneous | 2 |Antifibrinolytics or pill use 2 | Spontaneous no therapy
Spontansous or traumeatic reqguiring
5 |Burgical hemostasis or Bloog 3 |Gurettage or Iron therapy @ | desmopressin or Replacement therapy
2 CONSULTATION ONLY fransfusion or Replacement therapy Blood fransfusion or Replacement thar Spontanaous or traumalic reguinin
or Desmopressin or Antifibrinolytics | * |apy or Desmapressin or Hysteractomy | |4 |surgical intervention or blood transfusion
Bleeding from minor wounds I‘Ib:ﬂi'l extraction Post-partum hemorrhage CNS bleeding
o | Mo or trivial (less than 5) -1 | Mo bleeding in at least 2 exiractions —1 |Mo bleeding in at least 2 deliveries 0 |Never
1 | > 5 of more than 5' 0 | Mot done or no bleeding in 1 extraction | | 0 Q&E;:Lumha or no bleeding in 1 |
2 | COMSULTATION ONLY 1 | Reported in =25% of all procedures 1 |COMNSULTATION OMLY
- 2 -
i a | Reportad in =25% of all procedures, no Curetlage or lron therapy or
3  Surgical hemostasis intervention 2 -ﬂnﬁﬂhrl%ﬂlj‘ﬁﬂﬁ Py 5 » : o
Subdur ntervent
Sood ) 3 | Resuluring or Packing 5 |Blood transfusicn or Replacement , ATy
4 ransfusion or Replacemant py of Desmopressin
therapy or Desmopressin 4 | Biood transfusion or Replacement 4 et 4 |Infracercbral, any intervention
therapy or Desmoprassin : ysteractormy
Total assigned score:
Tosetto et al. ] Thromb Haemaost, 2011.




When is a bleeding history suggestive
for VWD?

Bleeding score Likelihood ratio (favouring VWD)

-3 0
2 0.04
1 0.10
0 0.13
1 1.60
2 2.24
3 3.00
4 15.70

>5 o= (well, not actually!)

Tosetto et al. ) Thromb Haemost, 2006.



Vizsgalati algoritmus vWD diagnosztikaban

a) plasma VWF:Ag—»  Absent ——» Type 3

f) platelet VWF
.l'"'."
Present Pm;:igr{;i;:}nate —— Type 1 N\, Proportionate
: o RRTY A
I ~-
v / c¢) plasma FVII:C vs VWF:Ag
b) plasma VWF:RCo vs VWF:Ag I
[VWEF: [HCG,"Ag]]\ Discrepant
v
Discrepant T'fpt‘. 2
(<0.7) Type 2N
I
Increased  o— d) Ristocetin induced platelet g) F VIl binding assay

agglutination (RIPA)
/ 7 Absent - Type 2A
Decreased

' = =#=g) plasma High Multimers

Type 2B \ Present  — Type 2M



Patient with positive bleeding history
(at least two bleeding symptoms or a Bleeding Score > 3)

|

No Reduced
VWF:RCo?
Yes Reduced
VWF:Ag?*
No
Reduced
No VWF:CBA?*
Increased
?
RIPA? Yes
\4 v \4
Exclude VWD Type 1 VWD Type 2M VWD Type 2AVWD Type 2B VWD
DDAVP response Usually good Variable Usu‘,a’[li(@

Tosetto et al. Blood, 2015.



Trombofilia — hemosztatikus egyensuly
hiperkoagulabilitas felé billen




Thrombézis vizsgalat

e Sziurotesztek
Pl, APTI, TI, (RIl), Fibrinogén, DDi
* Temészetes gatlok és APC rezisztencia
AT, PC, PS, APC

« LA/APA
LA-szenzitiv APTI, DRVVT,; anticardiolipin 1gG/IgM; anti-2
GP I 1IgG/IgM

« Plazma faktorok és fibrinolizis
FVIIL, vVWEF, FIL VI, 1X, X1, X1, (Plazminogén, t-PA és PAI)
« Homocisztein
« Molecularis biologiai tesztek
FVL, Protrombin gén (G20210A), MTHFR
« Trombocita funkcio Sticky platelet szindréma
« Aktivacios markerek
DDi, TAT, F1+2



Methodology: Guidelines LAC

anticoagulants: an update. On behalf of the Subcommittee on Lupus
Anticoagulant/Antiphospholipid Antibody of the Scientific and Standardisation

» Brandt JT, Triplett DA, Alving B, Scharrer I. Criteria for the diagnosis of lupus
ISth Committee of the ISTH. Thromb Haemost. 1995 Oct;74(4):1185-90.

+  Miyakis S, Lockshin MD, Atsumi T, Branch DW, Brey RL, Cervera R, et al.
International consensus statement on an update of the classification criteria for
gggnite antiphospholipid syndrome (APS). J Thromb Haemost. 2006 Feb;4(2).295-

« Pengo V, Tripodi A, Reber G, Rand JH, Ortel TL, Galli M, et al. Update of the
guidelines for lupus anticoagulant detection. Subcommittee on Lupus
Anticoagulant/Antiphospholipid Antibody of the Scientific and Standardisation
Committee of the International Society on Thrombosis and Haemostasis. J Thromb
Haemost. 2009 Oct;7(10):1737-40.

+ Keeling D, Mackie |, Moore GW, Greer |A, Greaves M, British Committee for
Standards in H. Guidelines on the investigation and management of antiphospholipid
syndrome. Br J Haematol. 2012.

* Clinical and Laboratory Standardization Institute (CLSI) Laboratory Testing for the
Lupus Anticoagulant, H80-A, April 2014

Katrien Devreese, Stago Webinar, 2014



Laboratory diagnosis of the APS

Sapporo (1999)

Sydney (2006)

LAC

Screening-, mixing
and confirmation test

Screening-, mixing-
and confirmation test

Interval 6 weeks

Interval 12 weeks

Wiison et al, Arthritis Rheum 1999; 42: 1309-11
Miyakis et al, J Thromb Haemost 2006; 4:295-306

Brandt et al, Thromb Haemost 1995: 74; 1185-90

Katrien Devreese, Stago Webinar, 2014




Guidelines LAC

« | Pengo V, Tripodi A, Reber G, Rand JH, Ortel TL, Galli M, et al. Update of the
guidelines for lupus anticoagulant detection. Subcommittee on Lupus
Anticoagulant/Antiphospholipid Antibody of the Scientific and Standardisation
Committee of the International Society on Thrombosis and Haemostasis. J Thromb

Haemaost. 2009, 7:1737-40.

« |B Clinical and Laboratory Standardization Institute (CLSI) Laboratory Testing for the
Lupus Anticoagulant, HE0-A, 2014

4 pages
academic
>100 pages

manufacturers
and academic

> Harmonise and standardise LAC testing

Katrien Devreese, Stago Webinar, 2014



Lupus anticoagulant (LAC) testing

-Preanalytical conditions
-Choice of assays
-Calculation cut-off values
-Interpretation of results

Jownal of Thvimmbonis and Hooworsats, T 17171700 DO 10101 108750 X0R 01855y
OFFICIAL COMMUNICATION OF THE SSC
l Update of the guidelines for lupus anticoagulant detection

V.PENCO,* A, TRIPODI.* G REBER,} ). H. RAND.ST. L. ORTEL.* M CALLI** and P . C. DEGROOTHY
‘Clvcy Cardology, Thombosa Center, University Mogetal. Padova, YAngelo Bancy Bonors Naemophilia and Thvomdous Cenbre, Univeruly
and IRCCS Magprore Hospal Mangiapalt and Regind Liena Foundation. Milan, itly, Yeemotas Unt Dvvaon of Angiology and

Haemoass, Unavenly Hogpdal Ceneva Swiltedand, Ylomatodagy and Advanced Cospvlation Laboratary, Montrbiore Medcdl Conter, Bronx
NY, CDnivon of Hematology, Duie Universly Medical Conler, Dutham NC USA **Department of Hematology, Oodid Runll Begama

¥y, and MOepirtment of Cmarl Chemslry and Maeeaiology, Unversily Meadcal Contre, Ulrecht e Netherlands

To e INs artiche Pengo V., Tripodi A Rebet G, Rand /M Ortel T Gall M de Croot PG Update of the pudeings for upus anticoapiant

detechon | Thromd Haomost 2000 7 173 7%

Katrien Devreese, Stago Webinar, 2014



Guidelines for Antiphospholipid
Syndrome detection

o o British Journal of Haematology, 2012, 157, 47-58
Clinical criteria:

1. Vascular thrombosis

One or more clinical episodes of arterial, venous or small vessel
thrombosis

2. Pregnancy morbidity

(a) One or more unexplained deaths of a morphologically normal fetus at or
beyond the 10th week of gestation

(b) One or more pre-term births of a morphologically normal neonate before
the 34th week of gestation because of: (i) eclampsia or

severe pre-eclampsia or (ii) recognized features of placental insufficiency

(c) Three or more unexplained consecutive spontaneous miscarriages before
the 10th week of gestation, with maternal anatomic or

hormonal abnormalities and paternal and maternal chromosomal causes
excluded

Anet Kere-Politansky, Werfen Seminar 2016



Guidelines for Antiphospholipid
Syndrome detection

. British Journal of Haematology, 2012, 157, 47-58
Labnratorv criteria.

1[ Lupus anticoagulant (LA)]present in plasma, on two or more
occasions at least 12 weeks apart

2. Anticardiolipin (aCL) antibody of immunoglobulin (I1g)G and/or IgM
isotype in serum or plasma, present in medium or high titre

(i.e. >40GPL units or MPL units, or > the 99th percentile), on two or
more occasions, at least 12 weeks apart

3[ Anti-b2—glycoprotein | antibody ]:)f lgG and/or IgM isotype in serum
or plasma (in titre >the 99th centile), present on two or more

occasions at least 12 weeks apart

Antiphospholipid antibody syndrome (APS) is present if at least one
of the clinical criteria and one of the laboratory criteria are met

Anet Kere-Politansky, Werfen Seminar 2016



Antiphospholipid antibodies

cofactor requirement:

phospholipid binding plasma
proteins

-R2 glycoprotein |

(R2GPI) R R AR R RN KA RRRRRRRRKATARRRRRRRRARR
orothrombin SEEEBUEBEBEEEEEEEEEEEEEEEBEEEEBEBEEY

-com bin ati on (Mc Neill etal 1990, Galliet al 1990, Matsuura et al, 1990)

Katrien Devreese, Stago Webinar, 2014



Antibody-B2gpl complexes

anti-B,-glycoprotein | antibody
: stabilization by antibody /

B,-glycoprotein | / \

\d
@ “ GPlba ‘ LRP8 : TLR2/4/8
phospholipid binding - =
\ and conformational change . - L

.... 200000 00! D...... !

% k

Activation of endothelial cells, monocytes, platelets

Induction of a proinflammatory and prothrombotic phenotype

de Groot PG, Urbanus RT. BLOOD 2012.



Laboratory diagnosis of the APS

= Perform all three assays: LAC, aCL, alR2GPI

Follow the guidelines

Participate in EQC

= Antibody profiles
LAC, aCL, R2GPI antibodies

Katrien Devreese, Stago Webinar, 2014



Antikoagulansok

Dade Behring Marburg GmbH



Uj antikoagulansok

TFPI (tifacogin)

TTP889
Rivaroxaban SUriXa .. APC (drotrecogin alfa)
Apixaban STM (ART-123)
LY517717
YM150 Fondaparinux
DU-176b Idraparinux
Betrixaban
TAK 442 DX-9065a
Dabigatran | ---eeeeeeeee > B Lepidurin
Argatroban
Fibrinogen » Fibrin Bivalirudin

Weitz JI. J Thromb Haemost. 2007;(5 Suppl 1):65-67.



Kell-e mérni a NOAC antikoagulans
hatasat,

Hogyan

Mikor

Alarm érték

Rutin  hemosztazis paraméterekre gyakorolt
hatasuk



Kotelezo:

. stirg0s 1nvaziv beavatkozas,

. trombolizis indikacidja (stroke),

. sulyos trauma,

. kezelés alatt fellépd vérzés és/vagy TE,
. veseelegtelenseg,

. meérgezes, tuladagolas gyanuja



Ajanlott:

. terapia elkezdese utan 1-2 héttel,
. egyeb gyogyszer bevezeteése elott/utan,
. extrem testsuly,

. antikoagulans valtasa



Kell-e mérni a NOAC antikoagulans hatasat,

Hogyan

Mikor

Alarm érték

Hemosztazis paraméterekre gyakorolt hatasuk



NOAC az alap koagulacios sziirotesztek
(P, APTI, TI) eredményeit befolydsolja!



Thromboplastin
Xl —= Xlla \_‘3‘“* \
/ VI - TF
Xl — Xla
IX ,.*-< IXa FP3 /

Villa Ca** Vlla-TF

Prothrombin ( S

Time Xa FP3
Va Ca++

/- PT sensitive to

1 » |la factors I, V, VII, X
and low fibrinogen

\ _
Fibrin 4

Fibrinogen ___oy Stago



Activator
+

Phospholipids

—

Xl = Xlla

fXT,.-.‘ Xa FP3

VIl - TF

/

APTT sensitive to

factors XII, XI, IX,

Villla Ca**) Vlla-TF
APTT ( S
] X N Xa FP3
Fibrinogen \ w Fibrin

VIIIL X, 1l V and
low fibrinogen

o.r
Stago



Rivaroxaban

* anti-Xa faktor kromogén-meghatdarozds
(P1 szenzitiv tromboplasztin)

* Pl sec
- Ratio (beteg/normal plazma)
- INR nem!

* Anti-FXa (ng/ml)

- gyogyszer koncentracio (20-660 ng/ml)
kalibraci0s gorbe alapjan



Xarelto® 10mg od
(prophylactic dose after knee- or hip-replacement surgery)

~+Neoplastin Plus -=-Recombiplastin —+Thromborel S -=-Innovin

(B) 15
1.7 1
161
151
14
13
1.2 4
114
1.0 1
0.9
0.8

Belore surgery ' 2 h after intake | 12 h after intake | 24 h after intake ‘
Coagulation assay results depend on the pharmacokinetics of the drug

and therefore change during the day
Lindhoff-Last et al Ann Med 2013; 45 (56) 423-429



Rivaroxaban

» anti-Xa faktor kromogén-meghatarozas
(Pl szenzitiv tromboplasztin)

* Pl sec
- Ratio (beteg/normal plazma)
- INR nem!

* Anti-FXa (ng/ml)

- gyogyszer koncentracio (20-660 ng/ml)
kalibraci0s gorbe alapjan



Rivaroxaban:
AntiXa-measurements:

excellent correlation with HPLC-MS/MS

Mani, Lindhoff-Last et al, Thromb Haemost 2012; 108 (1): 191-198

Correlation anb-Factor Xa assays to HPLCMSMS with HGH calbrator set

400,004

High concentrations

300,004

100,00+

©

=3

=
1

Rivaroxaban comcentration by anti-FXa tests [ng/mi]
;.’:
T

1 1 | | i | |
000 5000 10000 15000 20000 %000 30ep00

Rivaroxaban conoentration by HPLC/MS MS [ng/mli]

0 COAMATIC® Hepann assay (AT-) *=0.965
O Technochrom® ant-Xa(AT-) R*=0981
. Technochrom® anti-Xa(AT +) $=() 953

E. Lindhott-Last, Stago Webinar

Correlation antl-Factor Xa assays to HPLCIME-MS with LOW calibrator set

Low concentrations
up to 120ng/ml

E 20,00

200 00=

=

..........................

g

Rivaroxaban corcentration by anti-FXa tests [ng/
2
$ % 7

&

] 14 1] 1 1 |
000 8000 100100 15000 20000 2000
Rivarcom ban concontration by HPLC/MS-MS [mg/ml]

0 COAMATIC® Hepann assay (AT-) 7=0965
Technochrom® anti-Xa(AT-) R*=0473
3 Technochrom® anti-Xa(AT+) *= (1960




Apixaban in vitro data

PT (sec)

aPTT (sec)

A <o Trindon Pt Baeel 8 (1 00, 2eCTHIB CvoL Y| 8-
“= Mocoon b Tin 20 (re) 00: 200 T&X00 OV 5 -
== Trirkiod PT Pucel (w0 97 200 TeiS CYw2 A > !
< Woeplattin O (=0 I, JCTE44; LV ) | -3 - : -
80 Merptastin R BT, Ve ) e ., e et
Tinkdon PYATE (oM 2eETe) A OV D ¥
- tunm.:n’-o,u;ucm.m:cv-nn,//' o . AT .
i ,// § 30+
- 20_‘ ~ -~
= o
g L ——— g —— RS R0 DC T, CVLY
F =3 e e F 201 vt Fwoas hCTe: cVa 2
ml ,_p—o—’-""f_"-"_ PITA" @l 37, BCTolA; CVo0T)
10- Actn FE" (R0 L T40, CY 8y
o Grphaserees” (00N LCTNL VO
L) T Al T T A
0 200 400 100 200 00 400 500
[apixaban] ng/mb [apixaban] ng/mL

Apart from one PT-reagent (Triniclot PT Excel S) hardly any change in

PTs and aPTTs with increasing concentrations of apixaban
Dousfils el al Thromb Haemost 2013, 110: 283 294

E. Lindhott-Last, Stago Webinar



~ Insert sheet Europe 2012 .
(Rotachrom-Heparin-assay, calibrato LMWH)  © 7

Maximum | Trough Ievel before I
concentration intake of next tablet
1-3h after intake
C max C through
(5-95%: U/ml) | (5-95%:U/ml)
5mg bid 2.55 (1.36 —4.79) 1.54 (0.61 - 3.43)
atrial fibrillation #2517 Aitor:ntake
2,5mg bid 1.84 (1.02 - 3.29) 1.18 (0.51 - 2.42)
atrial fibrillation b Bl

LMWH was used for calibration,
antiXa Units might confuse clinicians,
because results are much higher compared to LMWH

accurate measurements with HPLC/MS is possible
Delavenne et al, J Pharm Biomed Anal 2013; 78-79: 150-153



Maximum Trough level before

concentration intake of next tablet
1-3h after intake
Dosage C max C through
(5-95%: ng/ml) (5-95%: ng/ml)
Smg bid 171 (91 - 321) 103 (41 - 230)
atrial fibrillation R M OING

2,5mg bid 123 (69 - 221) 79 (34 - 162)
atrial fibrillation 12h after intake

Apixaban calibrators and controls for antiXa-measurements expressed
in ng/mlare now available but not yet used in laboratories

E. Lindhott-Last, Stago Webinar



Dabigatran

* Higitott Tl vagy ECT, ECA
-Ratio (beteg/normal plazma)

-gyoOgyszer koncentracio kalibracios gorbe
alapjan



Dabigatran -
which assays may be useful ?

 different sensitivities of
reagents

Douxfils et al, Thromb Haemost 2012 . normal TT
aPTT can benormalin | = = (0 i ol
spite of therapeutic ECT at trough levels @ Ahsance of
Hm(:ztl:{gfr:foam'z l-{aeetvng:t82013 C”ni.ca, relevant
» Increased bleeding dabigatran
aPTT begins to plateau tendency concentrations
with dabigatran-conc.
at 200ng/mi

Hapgood et al, Thromb Haemost 2013



Dabigatran

 Higitott Tl vagy ECT, ECA
-Ratio (beteg/normal plazma)

-gyogyszer koncentracio kalibracios gorbe
alapjan



The Hemoclot-Thrombininhibitor—-Assay

accurate measurement of
Dabigatran-concentrations ex vivo

M Bt canaiatian ; Sensitive, 8-fold diluted
r2= 0.97

human alpha-Thrombin
+ dabigatran-calibrators
(40 — 500ng/ml)

and —controls

- accurate determination
4 > 50ng/ml dabigatran
5 5 compared to LC-MS/MS

- | l |
// ! L Stangier et al, Abstract, | romb Haemaost 2009,
s & &« 1& - van Ryn ¢t al, Thromb Haemost 2010;
v v Avectila et al. Am J Ciin Patho. 2012;
400 600 800 Douxfils et al, Thromb Haemost 2012,
LC-MSMS (ngimL) Douwxfils et al, Ihromb Haemost 2013

E. Lindhott-Last, Stago Webinar



Kell-e mérni a NOAC antikoagulans hatasat,
Hogyan

Mikor
Alarm érték
Hemosztazis paraméterekre gyakorolt hatasuk



NOAC - farmakokinetikal adatok

paraméter
Tamadaspont
Cmax (ora)
Féléletidd

Biologiai
hozzaférhetoség

Renalis
kivalasztas

Meghatarozas

Interakciok

Antidotum

Rivaroxaban
F lla (trombin)
2,5-4

9-13 ora
80-100%

66% vese (fele
maktiv)

Anti-FXa
(Rivaroxaban
kalibracio)

P-GP gatl6
CYP 3A4 gatlé

(PRT-064446)

Apixaban
F Xa
3

8-11 ora
50-80%

25%

Anti-FXa
(Apixaban
kalibracio)

P-GP gatl6
CYP 3A4 gatlé

nincs

Dabigatran
F Xa
2

12-14 ora
6-8%

80%

Higitott TI
ECT

P-GP g4tld

Nnincs



NOAC mérés
* C, .« (csucs): kb. 2 ora bevétel utan
* C.in (VOIgy): 12 6ra (bid) vagy 24 o6ra (0d)
e vervétel €s a NOAC utolsd bevétele kozti 1do
Ismerete dont6 az eredmény értékeléséhez

Csucs- vagy volgykoncentracio?

C..in »Kliszobkoncetracio™ €s vérzés kockazat kapcsolata



Antikoagulans valtas

VKA — dabigatran: INR<2,

Dabigatran — VKA: (normal kreat-Clear.) 3 nap
VKA — rivaroxaban: INR<3 (AF), <2,5 (VTE)
Rivaroxaban — VKA: ketto egyutt INR 2 eleréséig

LMWH — rivaroxaban: kovetkez0 1nj. elott 2 oraval
Rivaroxaban — LMWH: rivaroxaban helyett LMWH



Kell-e mérni a NOAC antikoagulans hatasat,
Hogyan
Mikor

e Alarm értéek

Hemosztazis paraméterekre gyakorolt hatasuk



Plasma Concentration [ng/mL (min-max)] at Steady State

Dabigatran
117 275
Peak
61 143
Trough

Rivaroxaban

22 535

Peak
6 239
Trough

A. Tripodi, Werfen Seminar, 2015



Real life dabigatran inter-individual
variability (trough levels)

<30 510
Chun NC et al, JTH 2015

12 237
Skeppholm M et al, Thromb Res 2014

<20 180
Samos M et al, J Thromb Thromboysis 2015

A. Tripodi, Werfen Seminar, 2015



Ex vivo concentrations of

rivaroxaban and dabigatran

Table 2 Concentration levels (Mean and range) of Dabigatran and Rivaroxaban at different doses and time points

Drug Dose and regime Concentration-maximum ~ Trough levels before next Bleeding risk
(-4 hafter dnuginake)  drug intake at steady Sy o
2 g g intake at steady State o grough
C max (ng/ml) C through, ss (ng/ml) lovels
220 mg od Prophylaxis 183 (62-447) 37(10-96) 24hafterintake >G7 ng/ml
150 mg bid Therapy 184 (64-443) o) (31-225) 12hafterintake ) ojp|
Rivaroxaban 10 mg od Prophylaxis 120 (90-190) 10 (3-25) Not defined
20 mg od Therapy 249 (184-343) 4 (12-137) Not defined

AntiXa-assays with rivaroxaban-calibrators and —controls and

a diluted TT-assay (Hemoclot assay) with dabigatran-calibrators and
~controls are already commercially available

Mani H, KasperA, Lindhoff-Last E. J Thromb Thrombolysis; 2013; 36 (2): 187-194



The Effect of Dabigatran Plasma

Concentrations and Patient Characteristics

on the Frequency of Ischemic Stroke and

Major Bleeding in Atrial Fibrillation Patients Reilyetal, JACC2014

Measurement of plasma-concentrations in 9183 patients of the RELY-study
Probability of clinical outcomes versus Dabigatran trough plasma concentration

Major Bleeding Ischaemic stroke/SEE
troughconc.> 210ng/ml: trough conc. < 28ng/mi:
2-fold increased bleeding risk + 50% increased stroke risk

L T s 1 BRE " —
R 14 4 75 yoars ol TERLE 75 years
§ 12 | § 124 — i BS pEArS
@ 10 '§ 10 4 \
§ 8 1 5 B N
= 6 9 8 - . "8 .
g 4 4 g B TS e
| . B e
£ 2 l 8 i leh . O SO
Y -y v v v v v = 0 - - -
4 50 100 150 200 250 300 0 50 100 150 200 250 300
Dabigatran Trough Conc Steady-State [ng/mL] Dabigatran Trough Conc. Steady-State [ng/mL)|

Armando D’Angelo, Stago Webinar, 2015



Kell-e mérni a NOAC antikoagulans hatasat,
Hogyan

Mikor

Alarm érték

Hemosztazis paraméterekre gyakorolt
hatasuk



Ratio

Effect of apixaban on Antithrombin

Antithrombin (anti-Flia) Antithrombin (anti-FXa)
3 [Ostago 3_ OLL
@® Siemens []Stago
2.9 25 | @Siemens
2 2_
Q
15— N 1.5
i3

i
;

0 0
T T T 1 [ N N R R D D

I
0 200 400 600 800 1000 0 200 400 600 800 1000

A. Tripodi, Werfen Seminar, 2015



Effect of apixaban on PC or PS

Protein C Protein S
2— O 10 OIL
|| Stago _IStago
® Siemens ® Siemens ®
8_
6_
A,
T
x 4
a ®
2_
0.5 0
- 1 1 ° ° 1 | | rffr 1 °r r 1 1 1 1 1
0 200 400 600 800 1000 0 200 400 600 300 1000

Apixaban, ng/mL Apixaban, ng/mL

A. Tripodi, Werfen Seminar, 2015



Ratio

Effect of apixaban on factor assays

Factor VI
2_ OlIL
[1Stago
® Siemens
1.5_]

0

0 200 400 600
Apixaban, ng/mL

A. Tripodi, Werfen Seminar, 2015

800

1000

Ratio

Factor Xl|

OIL
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0 200 400 600 800

Apixaban, ng/mL

1000



NOAC hatdsa a leggyakoribb hemosztazis

parameterekre
Antitrombin e magasabb
Fibrinogén » alacsonya
APC-rezisztencia  alacsonya
~actor assay  alacsonya
Protein C/S aktivitas * magasabb

_upus antikoagulans
~aktor X111

0
0

0

0 (dabigatran)
0

D

bizonytalan értékelés
alacsonyabb (dabigatran)



NOAC osszefoglalas

* NOAC nem igényel laboratoriumi mérés alapjan dozis
illesztést, antikoagulans hatas ismerete specialis eseteknél
nélkiilozhetetlen

* NOAC alkalmazasakor a hemosztdzis paramétereinek
ertekelésénél nagy gonddal kell eljarni

* A gyogyszer utolso bevétele idopontianak ismerete
nagyon fontos

* A ,,vélgykoncentracio” jelzi a vérzés kockazatat.

o Invaziv beavatkozas elott 24 oraval fel kell fliggeszteni a
gyogyszer bevételet.

« Verzés mértékétdl fiiggden: kovetkezd adag kihagyasa,
hosszabb felfiiggesztés, helyl vérzéscsillapitas, szupportiv
terapia, volumenpotlas, transzfizio, PCC



* While PT and aPTT are excellent screening test for the
Identification of clotting factor deficiencies, suitable screening
tests for the identification of thrombophilia defects are not
(yet) available.

* The calibrated automated thrombogram (CAT) assay in
plasma is a versatile tool to investigate patients with hypo- or
hyper-coagulable phenotypes because of

» 1) the use of low tissue factor which permits exploration of
the amplification phase of clotting;

» 2)the potential for the inclusion of cofactors of the natural
anticoagulant systems not usually present in the circulating
blood.

Armando D’ Angelo, Stago Webinar, 2015



> The thrombograph :

Correction for:
PPP+ Ca2 +TF + PL + a,-M-thrombin complex First derivative
Flucrogenic substrate inner filter effect (calibrated thrombograph)
substrate consumption

2000 ~ 1500 300
= ! ]
= 4500 1250 = 250
S ] E £ :
] . = 1000 g 200 4
s 1200 5 e £ ]
= 1
E 1 E T60 _E 150 -:
= B0 £ 5 ]
= ] = 500 £ 1004
< 400- 250 50
D'- 07T rrr e 0 3

0 10 20 30 40 0 10 20 30 40 0 10 20 a0 40

Time {min) Time (min) Time {min)

Hemker HC & Kremers R. Thromb Res 2013:131:3-11

Armando D’Angelo, Stago Webinar, 2015



Traditional CAT parameters

300
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L£200
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Armando D’ Angelo, Stago Webinar, 2015
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N Our modification of CAT

= To simulate the clotting status within
the microcirculation we have
developed and validated a
modification of the thrombin
generation test (CAT) in platelet-poor
plasma using an intermediate tissue
factor (TF) concentration (3 pmol) in
the presence of 5 nmol/L
thrombomodulin and 116 nmol/L
fondaparinux (TMF).

Armando D’Angelo, Stago Webinar, 2015



5 Factor Xl deficiency (3%)

\

i

400 - TF 1 pM

Armando D’ Angelo, Stago Webinar, 2015
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\\ Heterozygous protein C deficiency \
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Armando D’Angelo, Stago Webinar, 2015



.\.. Heterozygous protein C deficiency >

N\
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Armando D’ Angelo, Stago Webinar, 2015
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\3 Choosing parameters

2007 200 200y LY
E 150+ g 150+ TP E 150+
P . g , i |
% 100_ STARTTAI g 100_: STARTTAIL %- 100_: STARTTAIL
E 50+ E 50 E 50—-
04— 0- - 0
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
Time (min) Time (min) Time (min)
Parameters Ratios
Lag time (min) Lag time Ratio (NPP/PP)
Peak (nM/min) Peak Ratio (PP/NPP)

Acceleration [Peak/(TTP-LT), nM/min?]
True Tail (Starttail-TTP, min)
ETP (nM)

Acceleration Ratio (PP/NPP)
True tail Ratio (PP/NPP)
ETP Ratio (PP/NPP)

Ratios > 1 indicative of hypercoagulability

Armando D’ Angelo, Stago Webinar, 2015
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