Ziskané poruchy krevniho
srazeni

Fakultni nemocnice
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rozdéleni poruch krevniho srazeni

podle jednotlivych systému krevniho srazeni
desticky, plazmaticky systém, systém inhibitort krevniho
srazeni, fibrinolyticky systém
podle funkéniho dopadu
hyper-, hypo-, kombinace (Casto u ziskanych poruch)
odle mechanismu vzniku

vrozeny ¢€i ziskany (imunopatologicky, konzumpcéni,
‘ hypoprodukéni ¢i provazeny produkci nadmeérnou...)




charakteristika ziskanych poruch
hemostazy

porovnani s vrozenymi

jsou casté (zejména krvacivé dispozice)

systém krevniho srazeni je obvykle alterovan na vice
mistech

maji ¢asto ,,trombohemorhagickou* klinickou
manifestaci




SYNDROM DISEMINOVANE
INTRAVASKULARNI KOAGULCE

doprovazi radu nemoci a klinickych situaci

je charakterizovan systemovou aktivaci
koagulacnich procesu, coz vede ke vzniku Cetnych
fibrinovych srazenin a naslednému organovemu
resp. multiorganovemu selhani; diky spotrebée
trombocytu a koagulaCnich faktort mohou nasledné
vznikat krvacive projevy

...systémova a soucasna pritomnost trombinu a
plazminu v cirkulaci..

nikdy nevznika bez pricCiny
odhaleni priCiny vzniku je zakladni podminkou
diagnostiky i leCby

Levi M, et al. Guidelines tor the diagnosis and management of disseminated intravascular coagulation. BJH 2009; 145:24-33



DIC - ETIOLOGIE

uvolnéni tkanoveho faktoru
kontakt s cizim povrchem
porucha mikrocirkulace
pritomnost endotoxinu

uvolnéni fosfolipidu (tzv. parcialnich
tromboplastinu)

porucha monocyto-makrofagového systému

infuze/prunik aktivnich koagula€nich faktoru, lipidu
a jinych latek s obdobnym ucCinkem

koagulacnim faktorum podobné enzymy/latky,
napr. hadi jedy



ZISKANE INHIBITORY

- namirené proti jednotlivym faktorum Ci
prirozenym inhibitorm, jsou provazeny Castéji
Krvacivou, méne casto protrombotickou tendenci
(vzdy muzeme zjistit deficit faktoru/inhibitoru, proti
nemuz je protilatka namirena, mene Casto i vlastni
Inhibitor

- reaguji s celymi komplexy
(antifosfolipidové protilatky, monoklonalni protilatky;,
heparin-like inhibitory); jejich klinicka manifestace
muze byt ruzna od protrombotické, pfes
trombohemorhagickou az po krvacivou
vyskyt: Casto systémova Ci nadorova onemocneéni,
chronicke zanety, tehotenstvi, nekdy bez zjistitelne
priciny



PATOFYZIOLOGIE VZNIKU DIC

choroba vyvolavajici DIC

!

systémova aktivace krevniho srazeni

konzumpce trombocytu a
koagulacnich faktoru

mikrovaskularni trombotizace trombocytc’)penle a c{efekt
koagulaCnich faktoru

organove selhani

fibrinova depozita riznych tkani

krvaceni

Levi M, et al. Guidelines tor the diagnosis and management of disseminated intravascular coagulation. BJH 2009; 145:24-33



PATOFYZIOLOGIE DIC

koagulacni systém
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tézké tkanove poskozeni

cirkulujici histony

uvolnéni NETosis* endotelialni aktivace zvyseni tvorb
cytokinu ” poskozeni trombocytl trombinu
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Upraveno podle Levi M, at al. Management of DIC in critical unit care. SSC ISTH
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SSC ISTH ToroONTO 2015
LEVI: MANAGEMENT OF DIC IN CRITICAL UNIT CARE

etiologicky:
podil zavazného postizeni a hypoperfuse,
hypoxémie/ischémie, role annexinu |l
patofyziologicky:
aktivace koagulace (TF)
Insuficience antikoagulace (TFPI, AT, PC, TM)
inhibice fibrinolyzy (PAI-1)
systémova fibrino(geno)lyzy (t-PA, elastazy neutrofild,
alfa2antiplazmin)



VYSKYT DIC

tezké trauma
porodnicke komplikace
G-sepse

solidni nadory
obrovsky hemangiom
aneurysma brisni aorty

50-70% (dnes TIC!)
50%

30-50%

15-20%

25%

1%



KLINIKA DIC

Akutni Chronicka
(dekompenzovana) (kompenzovana)
prudky pribeh pozvolny prabéh
bohata | ¢asto asymptomaticka
S)’/mpvtor’nafologlé chronické onemocnéni
zavazny vychozistav terapie vétsinou neni
problematicka odpoved nytna
na terapil zhorSuje dalSi projevy

vysoka mortalita



Ctyii typy DIC dle pievazZujici klinické manifestace

Bleeding  Dleeding Massive bleeding  Msssive bleeding
" ——__(Hyperfibrinolytic) (Consumption) Type
type

Obstetric

Leukemia “ .
diseases

Asymptomatic Organ failure
(Pre-DIC)type (Thrombotic) type

Sepsis

Asymptomatic and

abnormal laboratory
tests

Thrombosis
Hideo Wada, Takeshi Matsumoto, Yoshiki Yamashita, Tsuyoshi Hatada

Disseminated intravascular coagulation: Testing and diagnosis
Clinica Chimica Acta, Volume 436, 2014, 130-134

http://dx.doi.org/10.1016/j.cca.2014.04.020
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Hideo Wada, Takeshi Matsumoto, Yoshiki Yamashita, Tsuyoshi Hatada

Disseminated intravascular coagulation: Testing and diagnhosis

Odlisné zpusoby
aktivace krevniho
srazeni u ruznych

typu DIC:

porovnani leukémie (A)
a sepse (B)

Clinica Chimica Acta, Volume 436, 2014, 130-134, http://dx.doi.org/10.1016/j.cca.2014.04.020



LABORATORNI VYSETRENI U DIC

Absolutni minimum:
pocet krevnich destiCek
hladina fibrinogenu

test na pritomnost fibrin degradacnich produktt
(Ci solubilniho fibrinu)
protrombinovy Cas

Doporucuje se:
stanoveni hladiny antitrombinu
aPTT (aktivovany parcialni tromboplastinovy cas)

Podstatny muze byt vyvoj/zména v €ase —
monitorovat!



|ISTH DIAGNOSTICKE KRITERIA PRO DIC
- ,OVERT" DIC

1. RHisk assessment: does the patient have an underlying disorder known to
be associated with overt DIC?

If ves: Proceed.
If no: Do not use this algorithm.

2. Order global coagulation tests (platelet count, prothrombin time,
fibrinogen, fibrin-related marker).

3. Score global coagulation test results.

* Platelet count

(=100 =0, <100 =1, <50 =2)

* Elevated fibrin related marker {e.g. D-dimers; fibrin degradation products)
(no increase = 0; moderate increase = 2; strong increase = 3)

* Prolonged prothrombin time
f«3s=0>3but<6s5=1>685=2)

# Fibrinogen level

(=1.0gL"=0; < 1.0gL" = 1)

AR nEE

5. Calculate score
If > &: compatible with overt DIC: repaat score daily

If < 5: suggestive (not affirmative) for non-overt DIC: repeat next 1-2 days. ’

Toh CH, et al. The scoring system of the SSC on DIC of ISTH: a 5-year overview. J Thromb Haemost 2006; 5: 604-606




DIAGNOSTICKE ISTH KRITERIA PRO DIC
- NON OVERT DIC

Risk assessment: does the patient have an underlying disorder known to

be associated with DIC?

yes=2 no=0

Major criteria

Platelet 1001077 =0 =100:10% " =1
Count ] ]

PT ":3 8= D :.3 & = 1
Prolongation ] ]
Fibrin Narmal = 0 Aaised = 1
related-markers [ ]

Rising = -1 Slable =0 Falliﬁ =1

L1 [

FEL%:J Stable =0 Rising=1

L1 [

Falling = —1 Stable = 0 Rising = 1

0 Ul

3.

4,

Specific criteria

Antithrombin ~ Normal = -1 Lﬂle 1
Protein C NurEall =-1 ml.,.,:_l 1
Mormal= -1 Abnormal = 1
L] O

Calculate score:

UL L) L

Toh CH, et al. The scoring system of the SSC on DIC of ISTH: a 5-year overview. J Thromb Haemost 2006; 5: 604-606




L ABORATORNI NALEZY U DIC DLE TYPU

PT prodlouzeni OF, B, MB jaterni dysfunkce, vitK deficit, velké
krvaceni....
DD, FDP zvyseni B, NS, OF VTE, operace, hematomy...
fibrinogen snizeni B, MB jaterni dysfunkce
trombocyty shizeni OF, MB, B, NS hypersplenismus, sepse, dfenové
postizeni, imunitni vlivy, Iéky...
aPTT bifazicka kfivka OF infekce
prodlouzeni B, MB jaterni dysfunkce, heparin, masivni
krvaceni
AT/PC/PS shizeni OF jaterni dysfunkce, capillary leak
syndrom
SF/TAT zvyseni OF, NS, B, MB VTE, operace
™ zvyseni OF renalni dysfunkce, organové selhani
VWFpp, PAI-1 zvyseni OF organove selhani jiné geneze
ADAMST13 snizeni OF jaterni dysfunkce, trombotické
mikroangiopatie
PPIC zvyseni B, MB VTE, operace

OF — DIC s organovym selhanim, B — DIC s krvacenim, MB — DIC s masivnim krvacenim, NS — non-symptomaticky typ DIC

Wada H, et al. Diagnosis and treatment of disseminated intravascular coagulation (DIC) according to four DIC guidelines. J Int Care 2014: 2: 15-23
Levi M. Diagnosis and treatment of disseminated intravascular coagulation. Int J Lab Hematol 2014: 228-236



DIAGNOSTICKA KRITERIA PRO DIC

British Committtee for Standards in Haematology
(BCSH)

Japanese Society of Thrombosis and Hemostasis
(JSTH)

Italian Society for Thrombosis and Hemostatis
(SISET)

Subcommitte for DIC os the Scientific and
Standardization Committae (SSC ISTH)



DIFERENCIALNI DIAGNOZA DIC

DIC | HELLP | TTP HUS | CAPS HIT
céva mi mi mi mi mi/ma | mi/ma
krvaceni + +/- +/- +/- - -
anémie +/- ++ + ++ +/- -
CNS +/- - ++ - +/- -[+
hepatopatie +/- ++ - +/- +/- -
nefropatie +/- + ++ +++ +/- +/-
schistocyty +/- +++ +++ ++ +/- -
tr-penie + +++ +++ ++ +/- ++

mi — mikrotrombotizace: ma-makrotrombdza

Scully M, et al. Guidelines on the diagnosis and management of thrombotic thrombocytopenic purpura and other thrombotic microangiopathies. BJH 2012: 158: 323-335



TIC - VYMEZENI POJMU A PATOFYZIOLOGIE

koagulopatie spojena s traumatem (TIC)

akutni traumaticka koagulopatie asociovana
koagulopatie (ACOT) s resuscitaci (RAC)

snizeni FVa a FVllla * hypotermie
hyperfibrinolyza » acidoza
autoheparinizace * hemaodiluce
zvyseni permeability

endotelu

Noel P, Cashen S, Patel B. Trauma-induced coagulopathy: from biology to therapy. Sem Hematol 2013: 259-269
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ACOT je spojena s:

» vySSi incidenci MODS

« delSim pobytem na JIP
* 4-nasobnym vzestupem
mortality




akutni traumaticka koagulopatie

¥
« tkanoveé postizeni
* hypoperfuze
e zanétlivé zmény
« sympatoadrenalni aktivace

|

aktivace a poskozeni endotelu
4000-7000m?

— N

zvysSena exprese TM degranulace Weibel- d q kokal
s naslednou aktivac Paladeho télisek eIradace JyKoRayd
proteinu C
snizeni FVa a FVilla uvolnéni tPA uvolnéni angiopoetinu 2 uvolnéni syndecanu 1

X l l

snizeni PAI-1 zvyseni endotelialni

~N hyperfibrinolyza sermeability

uvolnéni heparinu

Noel P, Cashen S, Patel B. Trauma-induced coagulopathy: from biology to therapy. Sem Hematol 2013: 259-269



LABORATORNI DIAGNOSTIKA

zakladni koagulacni testy

mohou jevit jen nevyznamné odchylky (statisticka vyznamnost
pro mortalitu jiz pro PT/R > 1,2 resp. aPTT/R 1,36)

necCastéji stanovovany PT, aPTT, fibrinogen a poCet trombocytd,
nicméné dulezita je i hladina hemoglobinu a fada
biochemickych parametru

potrebuji dlouhy Cas na laboratorni zpracovani (ale
ultracentrifugy)

jsou ovlivnény zahratim na télesnou teplotu a tim neodrazi vliv
hypotermie nemocneého

neodrazi destiCkovou dysfunkci ani roli erytrocytu
neodrazi hyperfibrinolyzu
neodrazi funkci polymerizovaného fibrinu po pusobeni FXIII

Davenport R. Pathogenesis of acute traumatic coagulopathy. Transfusion 2013; 53: 235-27S
Frith D. et al. Definition and drives of acute traumatic coagulopathy: clinical and experimental investigations. JTH 2010; 8: 1919-1925
Schéchl H, Maegele M, Solomon C, et al. Early and individualized goal-directed therapy for trauma induced coagulopathy. Scan J Traum Res Emer Med 2012, 20: 15-26



TRAUMATEM INDUKOVANA KOAGULOPATIE

akutni traumaticka koagulopatie (ACOT)

dilucni koagulopatie
hypotermie
acidosa

hypokalcemie
anemie
diluCni trombocytopenie

Trauma

Shock ﬁ

Haemorrhage

Fibrinolysl s"

Inflammation |

Y

Genetics

!

hJ

| Hymﬂ'.ﬂrmia]l Acid.‘-ierni;—i]
l

Trauma-induced
coagulopathy

Davenport R, Khan S. Management of major trauma haemorrhage: treatment priorities and cotroversies. BJH; 155: 537-548
Sornsen B, Fries D. Emerging treatment strategies for trauma-induced coagulopathy. British Journal of Surgery, 99,51:40-50, 22 DEC 2011 DOI: 10.1002/bjs.7770

http://onlinelibrary.wiley.com/doi/10.1002/bjs.7770/full#fig2



http://onlinelibrary.wiley.com/doi/10.1002/bjs.7770/full
http://onlinelibrary.wiley.com/doi/10.1002/bjs.7770/full
http://onlinelibrary.wiley.com/doi/10.1002/bjs.7770/full

RAC - HYPOTERMIE

klasifikace

lehka: < 36°C; stfedni: 32-36°C; tézka: < 23°C
pri poklesu télesné teploty o 1°C dochazi ke snizeni
aktivity prokoagulacnich faktoru o 10%
hypotermie pod 33°C snizuje aktivitu faktoru pod
33%
nejvice je postizena inicialni faze generace
trombinu a syntezy fibrinogenu

Wolberg AS, Meng ZH, Monrea DM I, Hoffman M. A systemic evakuation of the effect of temperature on coagulation enzyme activity and platelet function. J Traum 2004; 56: 1221-1228
Martini WZ. Coagulopathy by hypothermia and acidosis: mechanisms of trombin generatin and fibrinogen availability. J Trauma 2009; 67: 202-209



Figure 4
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Computational analysis of the effects of reduced
temperature on thrombin generation: the contributions
of hypothermia to coagulopathy.

Mitrophanov AY; Rosendaal FR; Reifman J

Anesthesia & Analgesia. 117(3):565-74, 2013 Sep.
DOI: 10.1213/ANE.Ob013e31829c3b22

Figure 4 . Intersubject variability in the Leiden
Thrombophilia Study (LETS) subject group. A and B,
Thrombin generation in individual subjects. A, Normal
temperature (37[degrees]C); B, Hypothermic
temperature (33[degrees]C). The green and red curves
correspond to the subjects characterized by the smallest
and the largest normal peak time, respectively. The
hypothermic curves were calculated by setting all
temperature coefficients (TCs) to 2.5 (no randomization).
C and D, Temperature dependence for the subjects with
extreme thrombin peaks in the LETS subject group. C,
Thrombin curves; D, Thrombin-antithrombin (TAT)
curves. Blue curves correspond to the "average" subject;
green and red curves correspond to the LETS subjects
with extreme thrombin peaks (A and B). Solid lines
correspond to normal temperature; dashed lines
correspond to hypothermic temperature (33[degrees]C).
The upper and lower dashed lines of the same color
designate the interquartile range (highlighted by fill of
the same color) for a group of thrombin curves calculated
for 5000 random TC sets.



RAC - ACIDOZA

priciny:

hypoperfuse a hromadéni laktatu

podavani krystaloidu s obsahem chloridu

podavanim transfuznich pfipravkl s obsahem citratu
pokles pH z 7,4 - 7,0 snizuje:

aktivitu FVlla vice nez 0 90%

aktivitu komplexu FVIla/TF o 55%

aktivitu komplexu FXa/FVa o 70%

ovliviiuje generaci trombinu
zvysSuje stepeni fibrinogenu 1,8x
porusuje interakci koagulaénich faktoru s negativné
nabitymi fosfolipidy na povrchu trombocytu

Meng ZH, Wolberg AS, Monroe DM lll, Hofman M. The effect of temperature and pH on the activity od factor Vlla: impletation for the efficacy of high-dose Vilaln hypothermic and acidotic
patients. J Trauma 2003; 55: 886-889
Martini WZ, Holocomb JB. Acidosis and coagulopathy: the differential effects on fibrinogen synthesis and breakdown in pigs. Ann Surg 2007; 246: 831-835
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RAC - DILUCE

k indukci takto navozené koagulopatie je zapotrebi
diluce na cca 40-60%
Cim je vetsi aplikovany objem tekutin tim narusta
Incidence koagulopatie

pfi aplikaci 2L tekutin je incidence > 40%

pfi aplikaci 3L tekutin je incidence > 50%

pfi aplikaci 4L tekutin je incidence > 70%
dilucni koagulopatie je charakterizovana predevsim
poklesem funkcniho fibrinogenu, ménée

LI 4V 4

vyznamnéjsi je pokles koagulacnich faktoru

Coats TJ, Brasil E, Heron M, MacCallum PK. Impairment of coagulation by commonly used resuscitation fluids in human volunteers. Br Med J 2006; 23:846-849
Maeglele M., Leferin R, Yucel N, et al. Early coagulopathy in multiple injury: an analysis from the German Trauma Registry on 8724 patinets. Injury 2007; 38: 298-304



OBJEMOVA ZTRATA A KOAGULACE PRI
MASIVNIM KRVACENI

ztrata % vym. % FF PT/aPTT fbg trombo
objemu | objemu (x normal) (g/1) (G/1)
jednou 70 30 <1,5 > 1,0 >100
dvakrat 85 15 > 1,5 <1,0 50
trikrat > 95 5 > 1,8 <0,5 < 50

Hladina Fbg klesa nejrychleji — pfi 1,5x objemu je cca 1,0 g/l,
pocet trombocytu klesa nejpomaleji — pfi 1,5x objemu je
vzacné pod 100 G/I

Bulikova A, Matyskovd M, Penka M. Lécba krvdceni transfuznimi pfipravky a krevnimi derivaty. Vnitr Lék 2008; 54: 623-631



EFEKT DILUCE NA STRUKTURU FIBRINOVE SITE
6% HES ovliviuje

- - strukturu fibrinoveé sité

*ontrola "RingerTaktat zfetelné& vice nezli

- - -

“Voliven (HES) “Gelofusine (Zelatina)

Sornsen B, Fries D. Emerging treatment strategies for trauma-induced coagulopathy. British Journal of Surgery, 99,51:40-50, 22 DEC 2011 DOI: 10.1002/bjs.7770
http://onlinelibrary.wiley.com/doi/10.1002/bjs.7770/full#fig2



http://onlinelibrary.wiley.com/doi/10.1002/bjs.7770/full
http://onlinelibrary.wiley.com/doi/10.1002/bjs.7770/full
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Faktor XIII ma pfidatny
efekt k vlivu fibrinogenu

na fibrinogen-dependentni
pevnost koagula pfi srazeni
krve fedéné Ringerovym
roztokem, ne vSak
instabilitu koagula
navozenou HES

Pokracuje-li krvaceni pfi
traumatické koagulopatii

pfi dostateCnych hodnotach
fibrinogenu a je nizka
pevnost koagula, Ize
predpokladat hladinu FXII|
< 60%; Ize podat FXIII
koncentrat 30U/kg.

Winstedt D, Tynngdrd N, Olanders K, Schétt U. Free oscillation rhemometry monitoring of haemodilution and hypothermia and correction ‘with fibrinogen and factor Xl

concentrates. J Traum Resus Em Medicine 2013; 21: 20

Soresen B, Fries D. Emerging tratment strategies for trauma-induced coagulopathy. B J Surgery 2012; 99 (Supl. 1) 40-50



STRATEGIE LECBY AKUTNIi TRAUMATICKE KOAGULOPATIE

0 - Severe trauma, 20-25 mg tranexamic acid,
Clinical evaluation bleeding, order 5 RBC,
hypovolaemia announce need for platelets
BlootiaEs PH < 72 Fluid resuscitation,
g base deficit > 6 RBC transfusion
5 Hb < 8 (-10) g/dl
ROTEM® FIbTEM™ A5 50 mg/kg fibrinogen
<5 mm concentrate
5
£ 10
0 )
8 ROTE_M /EXTE,M CT > 90 sec Consider PCC
= (ongoing bleeding)
, . : FibTEM® A10
ROTEM*/FIbTEM® %,  FibTEM® A10 e o il
(ongoing bleeding) SUALLL concentrate Platelet transfusion
15

Re-evaluate ROTEM®, BGA

Sornsen B, Fries D. Emerging treatment strategies for trauma-induced coagulopathy. British Journal of Surgery, 99,51:40-50, 22 DEC 2011 DOI: 10.1002/bjs.7770
http://onlinelibrary.wiley.com/doi/10.1002/bjs.7770/full#fig2



http://onlinelibrary.wiley.com/doi/10.1002/bjs.7770/full
http://onlinelibrary.wiley.com/doi/10.1002/bjs.7770/full

normalni koagulace a fibrinolyza DIC s hyperfibrinolytickym fenotypem COT/ACOTS
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existuje mnoho podobnosti v fadé laboratornich nalezl s vyjimkou role TM a cesty
aktivace proteinu C

bude zapotrebi nastavit jasna ,cut off‘ obou stavl resp. blize specifikovat rozdily
v patofyziologii obou jednotek, aby mohla byt ,sladéna“ nebo naopak ,upfesnéna”
terapeuticka schémata ‘

Gando S. et al. Differentiating disseminated intravascular coagulation (DIC) with the fibrinolytic phenotype from coagulopathy of trauma and acute coagulopathy of trauma-shock (COT/ACOTS). J Thromb
Haemostasis 2013; 11. 826-835 15 MAY 2013 DOI: 10.1111/jth.12190 http://onlinelibrary.wiley.com/doi/10.1111/jth.12190/full#jth12190-fig-0004
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ANTIFOSFOLIPIDOVE PROTILATKY

protilatky fosfolipid-dependentni

heterogenni skupina autoprotilatek
namirenych proti makromolekularnim
proteinum vazanym na negativné nabite,
veétSinou fosfolipidoveé povrchy

Cilové antigeny: B,-glykoprotein I, protrombin,
anexin V, protein C, protein S, HMWK, FXII,
fosfolipaza A,, FVII/Vlla, TFPI, TM, faktor H
komplementu, heparan-sulfat cévni stény...




B,-glykoprotein | jako zprostiedkovatel pusobeni
v ruznych tkanich

Monocytes

)

by

Platelets

MyD88 — TRAF6

TRAF6
\

NFkB — p38 MAPK

Decidual endometrial cells
Neuronal cells

@g B2GPI
)k Anti-B2GPI
/\

— & P >
V4 ; Sincitium-trophoblast

Meroni P.L.:
J Autoimmunity 2008
30: 99-103

MyD88

— myeloidni diferenciacni protein
TRAF6

-s TNF receptorem asociovany faktor 6
NF«B

-nuklearni faktor kappa B

p38MAPK

p38 mitogen-aktivovana protein-kinaza



PUSOBENI ANTIFOSFOLIPIDOVYCH PROTILATEK

M\
TXAZ Tlncrease TXA2 Z
.j i‘ﬂz GPI

Upregulation of
tissue factor

Factor VII

* Aggregation in presence
of low doses of agonist

Upregulation of
tissue factor

Platelets Upregulation of ICAM-1,
VCAM-1 and E-selectin

ICAM-1  VCAM-1 Tissue Egtarg!:ﬁ?lon
factor. : pathway

E-selectin

EC

SMC

SMC, smooth muscle cell.

Pierangeli SS, Chen PP, Gonzalez EB. Antiphospholipid antibodies and the antiphospholipid syndrome: an update on treatment and pathogenic
mechanisms. Curr Opin in Hematology 2006; 13: 366-375




Pathogenesis of Thrombosis and Vasculopathy in the
Antiphospholipid Syndrome

[ Antiphospholipid antibodies J

v

X— Aspirin, anticoagulants,

Impairment of
anticoagulant
pathways

or both Cell
l l I— membrane
g ) Endothelial
% cell
- @
Endothelial cells ~ Monocytes Platelets _
Increased Increased | [ Activation mTORCL 4'}
expression expression and RAPTOR
of adhesion of tissue | | aggregation :
molecules factor X—Sirolimus
Y

Complement l l l
activation Cell Cell Cell
growth proliferation survival

EikeLsoom JW, WEITz JI. N ENGL J MED 2014;371:369-371.




MOZNE MECHANIZMY PUSOBENI
ANTIFOSFOLIPIDOVYCH PROTILATEK

Protrombotické a prozanétlivé plisobeni

pFirozené inhibitory

koagulace
inhibice aktivace PC a ovlivnéni faze
funkce APC kontaktu
inhibice funkce PS zvysené

mikropartikule

inhibice aktivace AT zavislé |interakce 32-GPIl a

na heparanu trombinu

inhibice TFPI
inhibice TM

inhibice aktivity 32-GPI

ovlivnéni funkce annexinu
\Y

plazmaticka

monocyty trombocyty

aktivace adheze a
agregace

zvysena exprese
prozanétlivych
cytokind (TNFa)

zvySena exprese prokoagulaéni

TLR4 nastaveni (APOER2’-

GP Iba komplex)
zvySena exprese TF

zvySeni oxidativniho
stresu neutrofily

uvolnéni NETs a
aktivace TF

shiZeni tvorby
prostacyklinu

zvySeni mikropartikuli | zvySeni exprese TF
zvySeni tvorby
tromboxanu

zvySeni exprese
prozanétlivych
cytokinU
zvySeni uvolnéni VWF | zvySeni oxidativniho

endotel fibrinolyza

zvySeni tvorby PAI
inhibice aktivace tPA
zvySeni Lp(a)

jiné vlivy

ovlivnéni funkce
komplementu

stresu (snizeni
paraoxonazy)

porucha funkce eNOS

Ne-trombotické plisobeni — ovlivnéni gravidity, nefropatie, neurologické projevy

porucha tvory/funkce trofoblastu

pfimé bunééné poskozeni, indukce apoptozy
inhibice proliferace a tvorby syncytia

snizeni produkce choriového gonadotropinu
defektni invazivita trofoblastu

snizeni IL3 v trofoblastu

zvySeni placentarniho TXA2

snizeni HB-EGF nutného pro tvorbu trofoblastu

lokalni zanétlivé zmény
aktivace komplementu, vzplanuti neutrofild
prozanétlivé cytokiny/chemokiny
prozanétlivé nastaveni bunék endometria
zvySeni TNFa, IL-6, IL-1b, snizeni IL3

vy3Si zastoupeni bunék zanétu (makrofagy,
neutrofily a decidualni NK buriky)

Bulikova A. Antifosfolipidovy syndrom — klinické projevy, diagnostika a moZnosti lécby, komplikace. Remedia 2016; 26: 1-7

dals$i plisobeni
naruSeni Stitu tvofeného annexinem V
inhibice endometrialni angiogeneze
selhani placentace pro poruchu TF/TFPI
porusena fibrinolyza
inhibice cesty mTORC
pfima aktivace neuronu



EXTRACELLULAR DNA AND HISTONES: DOUBLE-EDGED SWORDS IN
IMMUNOTHROMBOSIS

1. DNA aktivuje kontaktni fazi hemostazy.

Histony tlumi aktivaci PC na TM.

3. Histony aktivuji procesy zanétu a bunécné
smrti

ovlivnénim buné&né membrany ¢i TLR2/4.

4. Histony aktivuji trombocyty — exprese PS,

P-selektinu

a FV/FVIII s naslednou aktivaci koagulace.

5. NETSs snizuji fibrinolyzu zpevnénim

fibrinovych vlaken

a potenciaci inhibice tPA cestou PAI. DNA je

odbouravana DNAsou, vliv histonl snizuje
APC, heparin a CRP.

N

Journal of Thrombosis and Haemostasis ‘

pages S82-S91, 19 JUN 2015 DOI: 10.1111/jth.12977
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I#jth12977-fig-0001
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(NETs)

1. Human neutrophils treated with:

* Patient serum/IgG
* Human monoclonals

2. Neutrophil extracellular traps

NETs in
patient blood

spontaneous
NETosis

Control -

B

Control —

control neutrophils
stimulated with
patient sera

Knight JS. The central role of inflamation
in APL mediated thrombosis.

15th Congress on antiphospholipid antibc
North Cyprus, Main session 2, 22nd Sept



ANTIFOSFOLIPIDOVY SYNDROM

je onemocnéenim zen stredniho resp. mladsiho stredniho
veku

prumérny vék pacientu s APS se pohybuje
v APS ACTION (404 PAPS + 171 SAPS) 44,5 + 12 9let, 75,2% Zeny)
v CAPS (500 pts, 522 prihod) registru 38 + 17 let, 69% zeny

v ,Euro-phospholipid project® (1000 pts) na vstupu do studie 10ti letého
sledovani 42 + 14 let, median 40 let, 82% Zeny

v italské studii s triple pozitivitou (160 pts) APA 42,4 £ 14,2 let, 92% zeny

incidence APS je odhadovana na 5 novych pfipadt na 100 000 osob
rocne
prevalence okolo 40 — 50 pfipadd na 100 000

Zully S. et al. APS ACTION Clinical database and repository cluster analysis. Congress on antiphospholipid antibodies, North Cyprus 23rd Sept 2016,Rodrigez-Pinto I. Et al. , CAPS: Descriptive analysis of 500
patients. Autoimmunity Rev 2016, Cervera R.et al. Morbidity and mortality in the APS during a 10-y period. Ann Rheum Dis 2015, Pengo V, et al. Clinical course of high risk patients diagnosed with APS.
Blood 2011; 118: 4714-4718 Mehrania T. Petri M. Epidemiology of antiphospholipid syndome. Elsevier 2009; Amsterodam



APS REVIDOVANA KRITERIA

Miyakis S. et al: JTH 2006; 4: 295-306

tromboéza

J[edna Ci vice klinickych manifestaci arterialni nebo venoznij
rombozy, pripadné trombozy malé cévy v kterékoli tkani Ci
organu; |e prokazana objektivnimi validovanymi kriterii, v
pripade histopatologického prukazu bez znamek zanetu

v cevni stene

porucha téhotenstvi

jedno Ci vice nevysvétlitelnych umrti morfologicky normalniho
plodu v nebo po 10. tydnu t€hotenstvi s potvrzenim normailni
morfologie plodu ultrasonograficky Ci pfimym vySetienim
jedno Ci vice predCasnych narozeni morfologicky normalniho
novorozence pred 34. tydnem tehotenstvi z duvodu eklampsie
Ci tézké preeklampsie ﬁodle standardni definice nebo pfi
prokazanych znamkach placentarni insuficience

tfi a vice nevysveétlitelnych naslednych spontannich potratu
ﬁred 10. tydnem tehotenstvi po vylouceni anatomickych Ci

ormonalnich abnormit matky a po vylouceni
chromozomalnich abnormit rodicu



APS REVIDOVANA KRITERIA

Miyakis S. et al: JTH 2006; 4. 295-306

LA je prokazan v plazme dva- a vicekrat v Casovém odstupu
12-ti* a vice tydnu je detekovan podle doporuceni
Mezinarodni spole€nosti pro trombézu a hemostazu

ACLA je prokazan v séru Ci plazmé, IgG ¢i IgM izotopu, ve
stfednim a vysokém titru (tj. 40 GPL ¢i MPL, nebo > 99.
percentil), je prokazan dva- a vicekrat v asovém odstupu 12-
ti* a vice tydnu, je méfen standardizovanym typem ELISA
metody

antip2-GP | je prokazan v séru Ci plazme, 1gG ¢i IgM izotopu
(titr >99ty percentil), je prokazan dva- a vicekrat v asovém

odstupu 12-ti* a vice tydnu standardizovanym typem ELISA
podle doporuc¢eného postupu

*dg. mozna od 12 tydn{ do 5 let



KLINICKE SPEKTRUM PUSOBENIi APA

asymptomaticka APA pozitivita
APS s cévnimi projevy
katastroficky APS

APS s poruchami téhotenstvi

,2asymptomaticka“ APA pozitivita s non-trombogenni APA
manifestaci

Erkan D., Lockshin M.D. Antiphospholipid syndrome Curr Opp Rheumatol
2006; 18: 242-248

Podskupiny APS: probable APS, preAPS, seronegative APS,
RAPS, MAPS ..

Asherson.R.A. Subset and variants of the antiphospholipid syndrome in 2007.
Clin and Exp Rheumatology 2007 suppl. 2



APA A ZILNI TROMBOZA

ACLA nejsou spojeny vysSim rizikem vzniku prvni
zZilni trombozy

Runchey SS et al. Anticardiolipin antibodies as a risk factor for venous
thromboembolism in a population-based prospective study. BJH 2002;
119: 1005-1010

Naess IA et al. A prospectivestudy of anticardiolipin antibodies as a risk
factor for venous thrombosis in a general population (HUNT study).
JTH 2006; 4: 44-49

ACLA jsou vyssim rizikem pro rekurenci zilniho
tromboembolizmu

Shulmann S et al. Anticardiolipin antibodies predict early recurrence of
thromboembolism and death among patients with venous
thromboembolism following anticoagulant therapy: Duration of
Anticoagulant Study Group. Am J Med 1998; 104: 332-338

Ames PRJ et al. Bleeding and re-thrombosis in primary
antiphospolipid syndrome on oral anticoagulation. Thromb Haemost.
2005; 93: 694-699



APA A TEPENNA TROMBOZA

cévni mozkova prihoda je Castejsi pri nalezu LA
zejmeéna u mladych nemocnych

Brey RL. Antiphospholipid antibodies in young adults
with stoke. J Thromb Thrombolysis 2005; 20: 105-112

neni jasno o rekurenci

Levine SR et al. Antiphospholipid antibodies and
subsequent thrombo-occlusive events in patients with
Ischemic stroke. JAMA 2004; 29: 291: 576-584; velka
prospektivni studie



APA A TEHOTENSKE KOMPLIKACE

Opatrny L. et al. J Rheumatol 2006; 33: 2214-2221 (za roky
1975-2003)

LA ma vyznamnou asociaci s pozdnimi* reprodukcnimi
ztratami (OR 7,79)

neprokazana asociace LA ani anti-B,GPl s Casnymi** ztratami

ACLA IgG ELISA je spojena jak s Casnymi (OR 3,56) tak s
pozdnimi (OR 3,57) rekurentnimi ztratami gravidity, zatimco
ACLA IgM jen z pozdnimi (OR 5,61)

* > 24, tyden gestace; ** < 13. tyden gestace



TROMBOCYTOPENIE U APA

Minor vascular injury

s APA asociovana ket st
trombocytopenie /Q\\\B N
pocet trombocytu < 100 x f o¥ele
10G/I nejméné dvakrat K
v odstupu 12-ti a vice tydnd %
(vylou€eni TTP, DIC, HIT/T) Expom Lok Yo~

je doporucovana
subklasifikace na stavy
provazejici SLE a pacienty bez
této diagnozy Trombocytopenie APA
doprovdzi ve 26-40% pripadi
rozdil je primdrni versus
sekunddrni

pozn. trombocytopenie nebrani tromboze!!!



IMUNITNE PODMINENE PORUCHY
HEMOSTAZY

Laboratorne zjistujeme:
prodlouzeni ¢asu koagulacnich testu
snizeni aktivity Ci koncentrace faktoru

pozitivni smésné testy (aPTT, PT, TC)

krouzici antikoagulans: smésny test pfed a po inkubaci 2 h.
v poméru PPP P/N 1/4, 1/1, 4/1

snizeni Ci alterovana funkce trombocytu












ZISKANA HEMOFILIE

incidence 1,48/milion roCné

nahle vznikajici obvykle zavazneé krvaceni
casteji ve vyssim véku (vyjimka zeny po porodu)
tretina az polovina ma vyvolavajici onemocnéeni

autoimunitni
nadorovée

|éky (antibiotika, difenylhydantion, fludarabin, interferon,
paracetamol)

gravidita, Sestinedeli
izolované prodlouzeni aPTT (cca 2-3R)



PROTILATKY PROTI FAKTORU VIII

laboratorni diagnostika:
izolované T aPTT
smesny test
kKrouzici antikoagulans (inkubace)
dif. dg. lupus antikoagulans
arteficialni snizeni faktoru vysetfovanych
na bazi aPTT



PROTILATKY PROTI FIBRINOGENU

allo- po substituci
nizka hladina auto- se vyskytuje bezne
u t&hotnych, u patol. gravidit titr T

v prubéhu infekci, autoimunnich chorob,
hepatopatii

klinicky neme, ale i krvaceni Ci trombozy
T TC, PT, aPTT, reptil. ¢as
smésny test na bazi TC



PROTILATKY PROTI FAKTORU V

auto-/allo-/xeno-

velmi vzacneé pri léCbé vrozeneho deficitu

bez zname pricCiny, po operacich, podavani ATB,
nadorova onemocneni

Klinika - vetSinou tezkeé krvacivé projevy, nejcastejsi
je hematurie

T aPTT, PT

Ié&ba obtizna - CZP, PCC, trombocytové
koncentraty, rFVlla;

plazmaferéza kombinovana s imunosupresi,
mimotéelni immunoadsorpce




PROTILATKY PROTI FIl, V

Xenoprotilatky
predevsim proti fibrinovym lepidlum
tridy IgG 1 IgM
proti trombinu, FV, ale i tkanovému faktoru
asymptomaticky i krvaceni i trombozy

TTC, aPTT, PT, v normé reptil. ¢as
lé¢ba: - PCC, CZP,

- plazmaferéza kombinovana s
Imunosupresi, mimotéelni Immunoadsorpce




FIBRIN GLUE SYNDROM

fibrinova lepidla obsahovala hovezi FlI

vznikaji xenoprotilatky proti FIl a FV
(kontaminuje FllI)

laboratorne: prodlouzeni TT pri testovani s
pouzitim hoveziho trombinu, kde neni zkrizena
reaktivita test se normalizuje pri pouziti
humanniho trombinu

L aLD AN 4 A\V4 |

opakovaném uziti



HEPARIN-LIKE ANTIKOAGULANS

T TC, koriguje se
protamin sulfatem
toluidinovou modri
heparinazou

u malignit, po |éCbé nadoru nadledvin
iInhibuje enzymy degradujici
glykosaminoglykany

obdobné u hepatopatii 4 degradace, T
uvolneni

léCba — protamin sulfat



PROTILATKY PROTI KOAG. FAKTORUM

FIX (obdobné projevy jako u iFVIII, ale vzacngjsi)
u autoim. chorob, po porodu, malignity
Klinicky: vetsinou tezke krvacive projevy

FVII - allo-/auto- bronchogenni Ca
FX - auto - amyloidoza, virove infekce DCD vcetné

TBC; vazba na IéCbu erytromycinem; u nadoru;
casto prechodne

Klinicky mohou byt tezke krvacivé projevy, po lecbe i
tromboticke projevy



PROTILATKY PROTI KOAG. FAKTORUM

EXI - allo- ¢asté u vrozenych defektu

auto- u autoimunnich chorob

Klinicky spise krvacivé projevy
EXIl - auto- velmi vzacné - SLE; fenothiazin,
chlorpormazin, prokainamid

Klinicky vetsinou neme
EXIlI - auto-/allo- u vrozeného defektu Xll|

PO izoniazidu, prokainamidu

dif. dg.

zvySena spotreba pfi krvaceni s lehkym deficitem

inhibice aktivace FXIII, polymerace fibrinu, zvySena
spotfeba (napf. nespecifické stfevni zanéty)

Klinicky - sklon k tézkemu krvaceni
léCba koncentrat FXIII, kryoprotein



PROTILATKY PROTI VWF

allo- u vWch

auto- vzacnejsi

obvykle navazany na velké multimery a zpusobuji
funkCni defekt nebo zvysenou clearence

lymfoproliferace, monoklonalni gamapatie, autoimunni
choroby, nadory,

smesneé testy na VWF:RCo, VWF:Ag vetsinou
negativni

Klinicky - neme, krvaceni
lecba krvaceni: - FVIII, rFVlla,
imunosuprese, imunoglobuliny, plazmaferéza




Patofyziologie ziskaného VWS ‘

hypotyreoza

H hyposyntéza ]

&

-

adsorpce
na povrch
bunék

(- ) imunologické MGUS
choroby
auto- >
protilatky solidni tumory
. _J |
lymfoproliferace
. myeloproliferace
(" ) urémie
proteolyza = aortalni
ciprofloxacin stenoza
g W,

*Veyradier A. Thromb Haemost 2000; 84: 172-82

degradace
smykovym
napétim

valproat H nejasny mechanismus




Mechanismus ziskaného VWS u aortalni stenézy

L.Heyde’'s“ syndrom:

*Heyde EC, NEJM 1958; 259: 196

i « Aortalni sten6za
von Willebrand , ,
ey Jz:ﬁ;:':,:"“ * GIT krvaceni

e I HMW multimerti VWF
- 4 VWE v endotelu
 neovaskularizace

*Starke RD, Blood 2011;117:1071-8

. | —
. : | \\ ' L '
E 5 \
. . W S N BN ]
b < ¢ \
== \ \ R i| Large multimers
Aortic stenosis
LN
Aortic stenosis \ > -

von Willebrand factor ; -

von Willebrand
disease

*Makris M. Thrombosis research 2006;118,51:13-17

Gastrointestinal
bleeding

0




INHIBITORY ADAMTS 13

proteaza stepici ultra-velké multimery vWF
inhibitor je zretelné Castejsi nez vrozeny deficit
klinicka a laboratorni manifestace TTP

projevy mikrotrombotizace: CNS, ledviny

trombocytopenie

intravaskularni hemolyza: zvySeny volny hemoglobin,
haptoglobin, LDH, schistocyty

casto horecky, leukocytoza neutrofilie
normalni koagulogram casto, DD mohou byt zvyseny

léCba: imunosuprese, |léCebné plazmafarézy
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