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Hemostaza
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Dostickovy trombus - primarna hemostaza
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Kaskadovy-stary model koagulace
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Bunéecny- bunkovy- cell based
— novy model koagulace
- fibrinovy trombus — sekundarna hemostaza
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Retrakcia koagula - tercialna hemostaza
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Fibrinolyza

Fibrinolysis
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Antikoagulacneé systemy
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Vysledok hemostazy nezavisi od rovnovahy...
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BALANCE OF HEMOSTASIS
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Tvorba trombinu pomocou merania trombin—antithrombin (TAT)
komplexov je zavisla na Case.

ropagation
-+

Threshold
of activation

Initiation

10 12 14 16

4.7 +/- 0.2

Time (min)

Mann K.G., Journal of Thrombosis and Haemostasis, 2003



g[nbeoy eyiqels /@

fibrinolyza

cas

e|nbeoy g|is

tvorba koagula

JUSZEIS E)SUN

|USZels se

e|nbeoy jsounsd




TEG/ROTEM

Tromboelastografia/rotacna tromboelastometria

‘ Prof. Helmut Hartert, Nemecko,
40-te roky minulého storoCia

TEG Haemoscope, RoTEM Pentapharm GmbH,
Niles, IL, USA Munich, Germany



Princip ROTEM

Fibrimova
viakna °




Sekundarna hemostaza
- ROTEM

+

m Vyhody: plna krv (Tr, Er, Leu...) - nekoreluje s PT,
aPTT, rychla diagnostika fibrinolyzy

m Nevyhody a limity: neposkytuje
informacie o primarnej hemostaze
(chyba endotel a strizné sily)
nie pre Dg. vVWF, nie antiagregancia...

- Primarna hemostaza — PFA 200




Typy testov ROTEM

EXTEM - obsahuje aktivatory vonkajsej cesty
INTEM — obsahuje aktivatory vnutornej cesty
FIBTEM — obsahuje blokatory trombocytov

APTEM — obsahuje aprotinin/tranexamovu kys.



Normalny nalez

CFT: 87s

FIBTEM

MOCFEF:S5 7 mm

CT: 66s

A10: 9rmm

Hyperfibrinolyza

Hemofilia alebo deficti FXII

EXTEM

INTEM

CT: 59s

CFT:130s

CT: 852s

CFT: 198s

A10: 30mm

MCOCF A8 mm

A10: 47 mirm

PMCF: 48 mim




Deficit fibrinogenu

EXTEMN FIBTEM

CT:57s CFT:444s CT: 185s CFT: -
A10: 23mm MCF:35mim A10: 3mm MCF:3mm

Deficit trombocytov

FIBTEM
CFT:444s CT: 57s
MCF:35mm A10: 15mm




ROTEMI protocol
|

EXTEM, FIETEM, INTEM

TN

FXTEM CT = 9z . ML = 15% on EXTEM vath normal
Th: prothrombin complex concentrate APFTEM
CT: 90=z-100: =75 umts kg
JCT: 101-120: =15 umts ke
CT: =120 =22 % units'kg {in caze of also pathologie APTER
consider deficianey of factor XIII)

Th: Tranexamicacid 20 meks

EXTFM MCF < 50 mm 2 FIBTEM MCF = 10 ram 1 EXTFM MCF = 50 mm a FIBTEM
Th: Fibrinogen (to gat 10 mm MCF of FIBTEM) MCF=10mm)

calenlated doze = raguirad MCF — current MCF x Th: platelat:

EXTEM MCF=30-35 mm:

Th: admmizter all mentioned products (tfranexamic acid, fibrincgen, platelet, prothrombin complex)

In case of normal EXTEM a FIETEM and bleeding patient, then INTEM should be also

performed (prolonged CT may be cauzad by hemophilia or hepann)




Vyznam ROTEM v klinickej praxi?

+

m 1. Planovane vykony — priprava pacienta

- problematika PT-INR, APTT (nezohladnuje funkciu Tr, ktoré
casto vykompenzuju nedostatok faktorov, Cize celkové
Zzrazanie je v norme, napr. sepsa, hepatopatia..., zbytocné
podavanie plazmy

m 2.Tazké krvacanie — bezné lab. testy si nepraktické



1. ROTEM versus laboratorne testy
u detskych pacientov

‘Thromboelastometrv as an alternative method for coagulation assessment in
pediatric patients undergoing invasive procedures: a pilot study.

Durila M, Jonas J, Durilova M, Rygl M, Skrivan J, Vymazal T. Eur J Pediatr
Surg. 2019 Jun;29(3):298-301.

Typ invazivniho zakroku

explantace centralniho Zilniho portu 3x chirurgicka tracheostomie
zavedeni hrudniho drénu 2x ileocekalni resekce
zanoreni ileostomie a kolostomie 2x resekce jater
apendektomie 2x hernioplastika
fundoplikace 1x mastoidektomie

klinovita resekce plic 1x tonzilektomie

nefrektomie 1x hemithyreidektomie

cirkumcize 1x zavedeni centralniho zilniho katétru




1. ROTEM versus laboratorne testy

Britich Jdounal of Anoesthesio 108 (1): 36-41 [2012)
Advance Access publicotion 14 November 2011 - doi:10.1093/bja’oer 342

Comparison of thromboelastometry (ROTEM®) with standard
plasmatic coagulation testing in paediatric surgery

T. Hoas!®, N. Spielmannt, J. Mouch?, C. Madjdpour?, Q. Speer234, M. Schmugge? and M. Weiss!?

! Deportment of Anoesthesio, * Department of Hoematology, ond *Children's Research Center, University Children's Hospital Furich,

Steimsiesstrasse 75, Zurich B03 2, Switzerand
* Zurich Center for Integrative Human Physiology, University of Zurich, Institute of Physiology, Winterthurerstrosse 190, Zirich 8057,

Switzeraond
* Corresponding author. E-mail: thorstenhoos@tdspiuzhch

Editor’s key points

# Major surgery con result in
significant blood loss and
coogulopathy in children
requiring rapid and occurote
assessment of coogul oticn
shotus.

This observotional study
compared stondard
coogulation testing to
rovtotio nal

thiromn boelosto metry in
children undergoing major
SUNgETY.

Stondond coogulotion testing
did mot correlote well with
throm boelastometry testing

except for fibrinogen levels
with FibTEM.

Further studies are needed to
develop throm boslosto-
metry-guided tronsfusion
guidelines in children.

Background. Thromboelostometry (ROTEM™ might be useful to detect introoperative
coagulation disorders early in major paediatric surgery. This observational trial compares
this technique to standard coagulation tests,

Methods. Introoperative blood sampling was obtained in children undergoing elective
major surgery. At each tme point, standard coogulation tests [activated partial
thromboplastin time (aPTT), prothrombin time (PT), and fibrinogen lewel] and ROTEM™
analyses (InTEM, ExTEM, and FIbTEM) were performed simultaneously by trained hospital
loboratory staff.

Results. A total of 288 blood samples from 50 subjects were analysed. While there was a
poor correloion between PT and aPTT to ExTEM clotting time (CT) and InTEM CT,
respectively, a good comrelation was detected between PT arnd aPTT to clot formation
time, and a wery good comrelation between fibrinogen level and FIBTEM assay (r=0.882,
P=0001). Motably, 64% of PT and 94% of aPTT measurements were outside the
reference range, while impaired CT was observed in 13% and 6.39%, respectively.
Standard coogulation test results were ovailable after a median of 53 min [inter-quartile
range (IOR): 45-63 min], whereas 10 min values of ROTEM® results were available online
after 23 min (1OR: 21-24 min)

Conclusions. PT and aPTT cannot be interchangeably used with ROTEM® CT. Based on the
results of ROTEM®, recommended thresholds for PT and aPTT might owerestimate the
nead for coogulation therapy. A good correlation was found between the fibinoogen level
and the FIbTEM assay. In addition, ROTEM® offered faster turnaround times.




1. ROTEM versus laboratorne testy
u dospelych pacientov

Afalaluation of Thromboelastometry in Sepsis in Correlation With
Bleeding During Invasive Procedures.
Lukas P, Durila M, Jonas J, Vymazal T.Clin Appl Thromb Hemost.
2018 Sep;24(6):993-997.

- pacientis aPTT-R 1.3 - 2.05,PT -
INR 1.3 -2.10

- normalny ROTEM

- Ziladna preventivna plazma
nepodana a ziadne krvacaveé
komplikacie



https://pubmed.ncbi.nlm.nih.gov/28950719/
https://pubmed.ncbi.nlm.nih.gov/28950719/

2. ROTEM a transplantacia
jater/pecene

+

A look into hemostatic characteristics during pediatric
liver transplantation using the thromboelastometry (ROTEM® ) test.

Cho JK, Moon YJ, Song IK et al. Liver Transpl. 2022 Mar 30.

Conclusions:

In children undergoing LT, coagulation profiles depend on the
etiology for LT. During LT, ROTEM® parameters could help detect
thrombocytopenia and hypofibrinogenemia and guide transfusion
therapy as a point of care monitoring method.


https://pubmed-ncbi-nlm-nih-gov.ezproxy.is.cuni.cz/35352459/
https://pubmed-ncbi-nlm-nih-gov.ezproxy.is.cuni.cz/35352459/

2. ROTEM a transplantacia
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https://pubmed.ncbi.nlm.nih.gov/33934981/
https://pubmed.ncbi.nlm.nih.gov/33934981/
https://pubmed.ncbi.nlm.nih.gov/33934981/

ROTEM

l ROTEM je schvaleny pre pouzivanie v klinickej praxi americkou FDA

The European guideline on management of major bleeding and coa
gulopathy following trauma: fifth edition. 1C
Rossaint R, Bouillon B, Cerny V,et al. Crit Care. 2019 Mar 27;23 (1):98.

Management of severe perioperative bleeding: guidelines from the
European Society of Anaesthesiology: First update 2016 2C

Sibylle A Kozek-Langenecker Aamer B Ahmed, Arash Afshari et al.
Eur J Anaesthesiol. 2017 jun;34 (6):332-395.

Cesko-Slovensky mezioborovy doporuéeny postup diagnostika a
leéba zivot ohrozujiciho krvaceni (ZOK) u détskych pacientti v
intenzivni a perioperacni peci. Zaoral T, Blatny J, Vobruba V, et al.
Ces-slov Pediat 2018; 73 (1): 57-61.


https://www-ncbi-nlm-nih-gov.ezproxy.is.cuni.cz/pubmed/?term=Rossaint%20R%5BAuthor%5D&cauthor=true&cauthor_uid=27072503
https://www-ncbi-nlm-nih-gov.ezproxy.is.cuni.cz/pubmed/?term=Bouillon%20B%5BAuthor%5D&cauthor=true&cauthor_uid=27072503
https://www-ncbi-nlm-nih-gov.ezproxy.is.cuni.cz/pubmed/?term=Cerny%20V%5BAuthor%5D&cauthor=true&cauthor_uid=27072503
https://www-ncbi-nlm-nih-gov.ezproxy.is.cuni.cz/pubmed/?term=The+European+guideline+on+management+of+major+bleeding+and+coagulopathy+following+trauma:+fourth+edition+2016
https://pubmed-ncbi-nlm-nih-gov.ezproxy.is.cuni.cz/?sort=date&term=Kozek-Langenecker+SA&cauthor_id=28459785
https://pubmed-ncbi-nlm-nih-gov.ezproxy.is.cuni.cz/?sort=date&term=Ahmed+AB&cauthor_id=28459785
https://pubmed-ncbi-nlm-nih-gov.ezproxy.is.cuni.cz/?sort=date&term=Afshari+A&cauthor_id=28459785

Primarna hemostaza
PFA 200
(platelet function analyser)
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Primarna hemostaza a ECMO

‘ PFA COL/EPI PFA COL/ADP
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m Acquired primary hemostasis pathology detected by platelet function
analyzer 200 seen during ECMO is sufficient to prevent circuit thrombosis
A pilot study. Durila M, Vajter J, Garaj M et al. J Heart Lung Transplant.
2020 Sep;39(9):980-982



https://pubmed.ncbi.nlm.nih.gov/32591313/
https://pubmed.ncbi.nlm.nih.gov/32591313/
https://pubmed.ncbi.nlm.nih.gov/32591313/

PFA a ECMO
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Hepatopatia

‘ Primarna hemostaza - trombocypenia a zniZzena funkcia
trombocytov (ale méze byt aj zvySena)!
- je zvySena funkcia VWF (deficit ADAMS-13)

., vacsinou balancovana primarna hemostaza““

Sekundarna hemostaza - deficit Fll, FV, FVII, FIX, FX, FXI, FXIII
- deficit AT, proteinu C a S, heparin co-
factor Il a a2-mikroglobulin - zvysSena hladina FVIII

,,vacsinou balancovana sekundarna hemostaza“

Fibrinolyza - zniZzena produkcia jak profibrinolytickych, tak i
antifibrinolytickych faktorov ,,vacsinou balancovana fibrinolyza“



Hepatopatia

‘ Klinické poznamky:

- PT/INR nepredikuju zvySene riziko spontanneho Ci
periproceduralneho krvacania, profylakticka korekcia PT/INR
pred intervenciou nie je doporucovana

- profylaktické podavanie krvnej plazmy se ukazalo ako
neucinne, zatazujuce pacienta komplikaciami a nie je
doporucované

- Profylaxia trombozy je u pacientov s hepatopatiou
doporucovana

-Fibringen nad 1g/liter

-Exacyl nie rutinne-neukazal benefit a riziko trombozy



Neonatologia

A

— trombocyty su hypofunkcné

dysfunkcia trombocytov vymizne do 10.-14. dna po porodu, a to jak
u zrelych, tak i nezrelych novorodencov, tj. bez ohladu na porodny
gestacny vek

rimarna hemostaza

- u zrelych novorodencov je vyssSia hladina vWF (nizSia hladina
ADAMTS-13)

(13

,,vacsinou balancovana primarna hemostaza

- U nezrelych novorodencov (<27. tyden) sa zistila korelacia medzi
PFA-Col/ADP a zavaznymi krvacavymi komplikaciami



Neonatologia

Ts

- U zrelého novorodenca je hladina koagulacnych faktorov vit.

K dependentnych, ale i inych faktorov FV, FXI a FXII, asi 50 %
hodnoty dospelych pacientov. Dospelym hodnotam se priblizuje v 6.
mesiaci zivota

ekundarna hemostaza

- antikoagulacné faktory, ako je antitrombin, protein C, protein S,
(protein C a S su vit. K dependentné) a heparinovy kofaktor Il, su tiez
znizené na 50 % hodnoty dospelého

,,vacsinou balancovana sekundarna hemostaza““




Zaver

+

- koagulacné testy plnej krvi - ROTEM a PFA lepSie koreluju s
klinickym stavom pacienta

- podavanie krevnej plazmy Ci trombocytov u nekrvacejucich
pacientov alebo profylakticka korekcia plazmatickych testov
PT/aPTT a poctu trombocytov nepredstavuje pre pacienta
benefit, ale skor rizika

- hodnotenie hemostazy by malo prebiehat' komplexne a
individualne s vyuzitim testov plnej krvi-ROTEM a PFA 200



Dakujem a prajem

pekny den®
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