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FIBRINOLYTICKY SYSTEM

plazminogen — inaktivni proenzym za urcitych
okolnosti konvertovan aktivatory na plazmin

plazmin stepi fibrin na rozpustné fibrin degradacni

produkty (FDP)

mimo regulace hemostazy zasahuje do dalsich
procesu (remodelace, hojeni, malignita, reprodukce)
fyziologické aktivatory: t-PA - tkanovy (podili se
hlavné na rozpousténi trombu v obéhu), u-PA —
urokinazovy —podili se na pericelularni proteolyze
inhibitory aktivatoru plazminogenu: PAI I-11

plazmin inhibovan a2 —antiplazminem a téz
nespecificky a2- makroglobulinem



SLOZKY PLAZMATICKEHO
FIBRINOLYTICKEHO SYSTEMU

| molekulhmotnost

plazminogen 88 000 proenzym

plazmin 88 000 aktivni enzym

t-PA 70 000 tkanovy enzym

u-PA 54 000 urokinazovy typ

a2-antiplazmin 70 000 specificky rychle ptusobici
plazmaticky inhibitor

PAI-1 40 000 endotelem produkovany

rychly inhibitor t-PA 1 u-PA
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Fig 1. Coagulation, inflam-
mation, and fibrinolytic activa-
tion and dysfunction. Various
protease inhibitors and antifi-
brinolytic agents and their in-
teractions with cellular systems
in the body are presented. In-
hibitors are represented by X as
plasmin and kallikrein and fac-
tor X and Xl inhibitors. The
stimulation of fibrinolysis is de-
picted as filled arrows. C5a, ac-
tivated complement compo-
nent; HMWEK, high molecular
weight kininogen; tPA, tissue-
type plasminogen activator.
(Color version of figure is avail-
able online.)




MIMOTELNI OBEH A HEMOSTATICKY
SYSTEM

o kontakt krve s umelym — neendotelialnim
povrchem — aktivace vnitrniho systému

o porucha integrity cévni stéeny — aktivace zevniho
systému
o exprese TF na povrchu bunek endotelu

o vysoka generace trombinu, aktivace krevnich
elementu

o SIRS

o rovnovaha posunuta k prokoagulaci




MECHANISMY ALTERACE HEMOSTAZY
PRI MTO

o Endotelialni dysfunkce, abnormalni
endotel/celularni interakce

o Uc¢inek heparinu

o Trombocytopenie — hemodiluce, konsumpce,
sekvestrace, hodnoty pod 560G/l nevedou ke
krvaceni bez pritomnosti jinych poruch




ANTIKOAGULACE BEHEM MTO

Heparin od 1937 3mg/kg
akcelerace inhibice trombinu antitrombinem

komplex heparin/AT nemuze inaktivovat
trombin vazany na fibrin a povrchy desticek

po rozpusteéni trombu fibrinolyzou uvolnéni
aktivniho trombinu a zesileni koagulace

Klinické problémy: heparinova resistence,
HIT, rebound (rezidualni heparinizace po
antagonizacil), heterogenita a variabilita UFH



MECHANISMY ALTERACE HEMOSTAZY
PRI MTO

Koagulopatie: hemodiluce, konsumpce
koagulacnich faktorl, vysoké davky heparinu
vedou k aktivaci vnitrniho systému

Primarni fibrinolyza: vyvolana endotelialnimi
aktivatory plazminogenu

Sekundarni fibrinolyza — zpétnovazebna aktivace
plazminu pri tvorbeé fibrinu

Hypotermie — zpomaleni enzymatické koagulace,
desticky mirnou hypotermii aktivovany, hlubsi
inhibovany

Vliv 1éku (vasodilatancia, inhibitory PDI)



VLIV IMUNITNI ODPOVEDI

Cytokiny snizuji expresi trombomodulinu a
aktivaci proteinu C, zvysuji expresi TF

Exprese CD 11b na povrchu monocyti — prima
aktivace £.X

Nejasna role leukocytu / leuko. filtrta

Aktivace bunecné 1 plazmatické imunity
detekovatelna i1 po 24h od MTO

Prokoagulace 1 u vykonu bez MTO
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ROLE FIBRINOLYTICKEHO SYSTEMU

Fibrinolyticky systém v tradicnim chapani
predstavuje protivahu plasmatické koagulaci a
aktivaci desticek smérujici k tvorbé trombu.

Fyziologicka fibrinolyza je soucasti remodelacnich a
reparacnich procest. Patologicka fibrinolyza je
chapana jako predcasné rozpousténi nove
formovanych fibrinovych formaci, coz ve spojitosti

s chirurgickym vykonem vede k expozici poskozenych
cév a krvaceni.

Jako hyperfibrinolyza jsou oznacovany stavy , kdy
dojde k prevaze tvorby plazminu nad kapacitou jeho
prirozenych inhibitoru.(Penka).

Nekteri autori (Spiess) hovori o lokalizované
fibrinolyze jako normalni slozce hemostazy na rozdil

od systémové fibrinogenolyzy zplisobené vysokou
hladinou cirkulujiciho plazminu.



FIBRINOLYZA

Fibrinolyza je zavisla na hladiné cirkulujiciho
plazminogenu uvolnovaného do plasmy hepatalni
syntézou v mnozstvi cca 200 mg/l.

Fyziologicky aktivator plazminogenu t-PA je
serinova proteaza syntetizovana endotelem a
uvolnéna podnéty, jako fyzicka zatez, stres,
venosni okluse ¢1 nékteré 1éky, napriklad
heparin.

Pritomnost fibrinu zesiluje aktivitu t-PA 1000
nasobné. Abnormalné mala mnozstvi t-PA ptsobi
remodelaci koagula



AKTIVACE FIBRINOLYZY PRI MTO

Béhem MTO je endotelem uvolnovan t-PA ve zvysené mire,
soucasne je zejména vlivem heparinu zesilena produkce jeho
inhibitoru PAI-1, zeyména trombocyty.

Tvorba komplexti t-PA/PAI-1 snizuje hladinu volného PAI —1.
F XIIa konvertuje plazminogen na plazmin a ten stépi fibrin
na monomery a dale fragmenty oznacované jako fibrin —
degradacni produkty, z nichz domény D tvori dimery klinicky
uzivané k detekci fibrinolyzy.

Lyza fibrinogenu neni fyziologicky déj, je charakterizovana
pritomnosti B - beta fragmentu. Vznika pri pouziti
neselektivnich aktivatorua plazminogenu. Na aktivaci
fibrinolyzy se podileji téz aktivované leukocyty.

Lze rozlisit primarni fibrinolyzu vyvolanou endogennimi
aktivatory plazminogenu a sekundarni, jako odpoved na
execsivni tvorbu trombinu.
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LABORATORNI DIAGNOSTIKA

FDP vznikaji stépenim fibrinogenu a fibrinu
pusobenim enzymu plazminu.

Normalni hodnoty: negativni, kvantitativne 0 —
20 pg/ml.

Pozitivita je nachazena pri TEN, trombolytické
lécbe, DIC, sepsi, odvrzeni transplantovanych
stépu, hepatopatii, zanétu.

Fyziologicky se vyskytuji v tehotenstvi, po
porodu, pri menzes.

Jsou uzivany k monitorovani prubéhu DIC a
systémové fibrinolyzy. FDP detekuji primarni 1
sekundarni fibrinolyzu..



LABORATORNI DIAGNOSTIKA

D- dimery jsou specifické stépné produkty fibrinu
a jejich pozitivita svedci o aktivaci krevniho
srazeni a fibrinolyzy.

Normalni hodnoty: negativni, kvantitativne 0 —
400 ng/ml

/Zvysena hladina se vyskytuje pri zilni trombéze,
plicni embolii, DIC, sepsi, komplikacich
tehotenstvi.

Test k monitorovani prubéhu DIC a systémové
fibrinolyzy. D-dimery detekuji sekundarni
fibrinolyzu
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PRIMARNI A SEKUNDARNI FIBRINOLYZA

Primarni: vyvolana endogennimi
aktivatory plazminogenu.

Sekundarni: odpoved na excesivni tvorbu
fibrinu.

TEG kritéria fibrinolyzy: relativni pokles
maximalni amplitudy na TEG ve 30.
minute - LY 30 >7,56%, resp. LY 60 >13%,
pr1 hodnotach >9% doporuceno podani
antifibrinolytika.

P11 primarni fibrinolyze arbitrarné
stanovena hodnota CI < 1,0, pr1
sekundarni CI > 3,0.



PRIMARNI FIBRINOLYZA NA TEG
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ROTEM® - HYPERFIBRINOLYZA

EXTEM
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APROTININ

1zolovan ve 30.letech, do kliniky v 50.letech, puvodneée
k 1écbé pankreatitid

polypeptid, m.h. 6500

nespecificky inhibitor mj.zasahujici i aktivni centrum
serinovych proteaz (= serpin)

inhibuje kallikrein, trypsin, urokinazu, elastazu,...
zasahuje do kontaktniho systému (f. XII), APC,RAAS

snizuje aktivaci neutrofilu a uvolnéni prozanétlivych
cytokint (TNFa)

v zasadé antikoagulacni efekt: inhibice f\XII a
trombinu, na druhou stranu antifibrinolyticky

prezervace trombocyt.membranovych glykoproteinu
Ib, inhibuje PAR (platelet protease.activated receptor)
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APROTININ

extrahovan z bovinnich plic
riziko anafylaxe pri opak. podani < 6 mésicu

incidence anafylaxe v databazi 12 000 pacientt je
0,09% pro primarni podani a 1,5% pro reexpozici,
maximum rizika mezi 4 a 30.dnem (2,4-18,8%)

testovaci davka 10* KIU 10min pred nabijeci
davkou doporucena vyrobcem je nespolehliva

metabolizovan lyzosomalnim enzymy
vylucovan renalné

polocas eliminace 5-10h



APROTININ V KARDIOCHIRURGII

zaveden v 90.letech u komplexnich vykonu

Royston, Lancet 1992 — soubor 22 pacientu s
vyraznou redukeci krevnich ztrat

Doporucené davkovani ,,Full Hammersmith
Regimen®: Uvodni davka 2x10% KIU jako soucast
primingu MTO a dale 500 000 KIU/h kontinualné

Obvykle uzivany nizsi davky - polovic¢ni
Jedina latka v kardiochirurgii s evidenci IA pro
redukeci peroperacniho krvaceni, poctu transfuzi a

cetnosti revizi pro krvaceni (SCA/STS Guidelines
do roku 2011)



Aprotinin in Repeat Cardiac
Surgery

First Use of the “‘High-Dose’ Regimen

1509 P< 001
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Royston et al Lancet 1987 Dec 5;2:1289-1291




High-Dose Aprotiin
Origmal Administration Regimen

Test Loading Pump-Prime
Dose Dose Dose

Bypass Period
Operation Period

50 mL / h> Constant Infusion

Royston et al Lancet 1987 Dec 5;2:1289-91




Aprotinin Use in CABG Reoperations

Donor-Blood-Product Requirements

P <.001
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Aprotinin Dose vs Thoracic Drainage Rate
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The ACT and Aprotinin

In vivo Action

=+=Control === Aprotinin
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Royston D
J Cardiothorac Anesth 1989;3:80

In vitro Action
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Royston D
In: Pifarre R, ed. 1993
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The Risk Associated with Aprotinin
in Cardiac Surgery

Dennis T. Mangano, Ph.D., M.D., lulia C. Tudor, Ph.D., and Cynthia Dietzel, M.D.,
for the Multicenter Study of Perioperative Ischemia Research Group
and the Ischemia Research and Education Foundation*




METHODS

In this observational study involving 4374 patients undergoing revascularization,
we prospectively assessed three agents (aprotinin [1295 patients], aminocaproic
acid [883], and tranexamic acid [822]) as compared with no agent (1374 patients)
with regard to serious outcomes by propensity and multivariable methods. (Al-
though aprotinin is a serine protease inhibitor, here we use the term antifibrino-
lytic therapy to include all three agents.)

RESULTS
In propensity-adjusted, multivariable logistic regression (C-index, 0.72), use of
aprotinin was associated with a doubling in the risk of renal failure requiring di-
alysis among patients undergoing complex coronary-artery surgery (odds ratio,
2.59; 95 percent confidence interval, 1.36 to 4.95) or primary surgery (odds rartio,
2.34; 95 percent confidence interval, 1.27 to 4.31). Similarly, use of aprotinin in the
latter group was associated with a 55 percent increase in the risk of myocardial
infarction or heart failure (P<0.001) and a 181 percent increase in the risk of stroke
or encephalopathy (P=0.001). Neither aminocaproic acid nor tranexamic acid was
associated with an increased risk of renal, cardiac, or cerebral events. Adjustment
according to propensity score for the use of any one of the three agents as compared
with no agent yielded nearly identical findings. All the agents reduced blood loss. '
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Table 1 Components of massive postoperative bleeding and renal failure

Tranexamic Aprotinin vs. tranexamic Aprotinin vs.
Aprotinin acid EACA acid (95% CI) EACC (95% CI)
Bleeding from chest tube (%) 5.3 75 8.3 0.70 0.63
Massive transfusions (%) 2.1 2.2 2.8 0.93 0.73
Death due to massive bleeding (%) 1.4 1.0 0.5 1.36 2.75
Reoperation for bleeding (%) 5.5 8.1 8.2 0.68 0.67
Any massive bleeding (%) 9.5 1241 12.1 0.79 0.79
Renal failure 16.8 17.9 171 0.94 0.98
Postoperative dialysis 31 3.1 2.7 0.99 1.15

Cl, confidence interval; EACA, epsilon —aminocaproic acid; RBCC, red blood cell concentrate. Data from [7].

Table 2 Qutcome

Patients Massive bleeding (%) Death (%) RBCC transfusions (%)
Total 2331 11.2 4.6 61.8
Aprotinin 781 9.5 6.0 53.7
Tranexamic acid 770 121 3.9 65.7
EACA 780 12.1 4.0 65.9

Cl, confidence interval; EACA, epsilon —aminocaproic acid; RBCC, red blood cell concentrate. Data from [7].



Table 3. Propensity-Adjusted Effect of Treatment on Ischemic Outcome Events.*

Outcome Event

Death

Renal eventf

Cardiovascular
event9|

Cerebrovascular
event|

Composite outcome
event®*

Predictors in Multivariable
Logistic-Regression Model

Aprotinin vs. control
Aminocaproic acid vs. control
Tranexamic acid vs. control
Propensity score

Aprotinin vs. control
Aminocaproic acid vs. control
Tranexamic acid vs. control
Propensity score

Aprotinin vs. control

Aminocaproic acid vs. control
Tranexamic acid vs. control
Propensity score

Aprotinin vs. control

Aminocaproic acid vs. control
Tranexamic acid vs. control
Propensity score

Aprotinin vs. control

Aminocaproic acid vs. control

Tranexamic acid vs. control

Propensity score

Patients Undergoing
Primary Surgery

PValue
0.22
0.65
0.94

<0.001
0.006
0.86
0.75

<0.001
0.01

0.13
0.73
<0.001
0.02

0.84
0.21
<0.001

0.002

0.28
0.69
<0.001

(N=3013)7

QOdds Ratio
(95% Cl)

1.59 (0.76-3.34)
0.81 (0.33-2.02)
1.03 (0.44-2.45)
1.22 (1.09-1.36)
2.34 (1.27-4.31)
0.93 (0.43-2.02)
0.88 (0.40-1.94)
1.19 ( )
1.42 ( )

1.08-1.30
1.09-1.86

0.78 (0.56-1.08)
0.95 (0.70-1.29)
1.08 (1.03-1.12)
2.15 (1.14-4.06)

0.92 (0.42-2.05
1.57 (0.77-3.19
1.19 (
(

)
)
1.08-1.30)
)

1.49 (1.15-1.91

0.85 (0.63-1.15)
0.94 (0.71-1.26)
1.09 (1.05-1.14)

Patients Undergoing
Complex Surgery

P Value

0.66
0.01
0.13
0.004
0.004
0.23
0.33
0.58
0.67

0.18
0.93
0.16
041

0.07
0.38
0.87
0.13

0.09
0.44
0.65

(N=1361)%

QOdds Ratio
(95% Cl)

0.86 (0.44-1.70)
0.25 (0.09-0.72)
0.49 (0.19-1.23)
1.18 (1.06-1.32)
2.59 (1.36-4.95)
0.56 (0.22-1.44)
1.47 (0.68-3.19)
1.02 (0.94-1.11)
1.08 (0.75-1.57)

0.74 (0.48-1.15)
1.02 (0.66-1.57)
1.04 (0.99-1.09)
1.29 (0.71-2.35)

0.45 (0.19-1.06)
0.70 (0.32-1.55)
0.99 (0.91-1.08)
1.30 (0.93-1.83)

0.71 (0.47-1.06)
1.17 (0.79-1.73)
1.01 (0.97-1.06)
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METHODS

In this multicenter, blinded trial, we randomly assigned 2331 high-risk cardiac
surgical patients to one of three groups: 781 received aprotinin, 770 received tran-
examic acid, and 780 received aminocaproic acid. The primary outcome was mas-
sive postoperative bleeding. Secondary outcomes included death from any cause at

30 days.

RESULTS
The trial was terminated early because of a higher rate of death in patients receiving
aprotinin. A total of 74 patients (9.5%) in the aprotinin group had massive bleeding,
as compared with 93 (12.1%) in the tranexamic acid group and 94 (12.1%) in the
aminocaproic acid group (relative risk in the aprotinin group for both comparisons,
0.79; 95% confidence interval [CI], 0.59 to 1.05). At 30 days, the rate of death from
any cause was 6.0% in the aprotinin group, as compared with 3.9% in the tranexam-
ic acid group (relative risk, 1.55; 95% CI, 0.99 to 2.42) and 4.0% in the aminocaproic
acid group (relative risk, 1.52; 95% CI, 0.98 to 2.36). The relative risk of death in the
aprotinin group, as compared with that in both groups receiving lysine analogues,
was 1.53 (95% CI, 1.06 to 2.22).

CONCLUSIONS
Despite the possibility of a modest reduction in the risk of massive bleeding, the
strong and consistent negative mortality trend associated with aprotinin, as com-
pared with the lysine analogues, precludes its use in high-risk cardiac surgery.

(Current Controlled Trials number, ISRCTN15166455.)
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Figure 2. Kaplan—Meier Curves Showing Probability of Survival at 30 Days.

Among the 2328 patients who were included in the analysis of death at 30
days, patients in the aprotinin group had a reduced rate of survival as com-

pared with those in the tranexamic acid group (P=0.05) and the aminoca-
proic acid group (P=0.06).




DUSLEDKY STUDIE BART

V listopadu 2007 firma Bayer stahuje preparat
Trasylol z trhu v Severni Americe

Nasleduje stazeni aprotininu v Evrope 1 vyrobci
generik

/Znacna kritika obou studii: byli zarazeni pouze
pacienti s komplexnimi vykony vysoce rizikovi,
studie nebyly designovany jako mortalitni,
predcasné ukonceni BART aniz by byl zhodnocen
dopad na celkové krvaceni, pravdépodobné
poddavkovani heparinu-byl pouzivan celitem
aktivovany ACT (aprotinin prodluzuje hodnotu)



DALSI STUDIE S APROTININEM

Henry and colleagues®’

Karkouti and colleagues®”

Sander and colleagues™®

Later and colleagues’*

Greilich and colleagues™*

Pasquali and colleagues™

Breuer and colleagues*

2011

2010

2010

2009

2009

2012

2009

=25000

15365

893

298

78

22 258

189

Cochrane systematic review of 252 RCTs

AP, TXA, and EACA reduced blood transfusion with AP being more effective; APreduced the need
for re-operation; higher risk for myocardial infarction and death for AP compared with lysine
analogues

Single-centre, retrospective cohort study
Higher risk for acute kidney injury (OR 1.5; 95% CI 1.1-2.1) with AP vs TXA in cardiac surgery;
trend towards lower mortality for AP only in high-risk patients (OR 0.6; 95% CI 0.3-1.0)

Retrospective single-centre study
Higherblood loss and higher rate of re-thoracotomies in the TXA group; higherrate ofischaemic
strokes with AP; higher mortality with TXA in subgroup of open heart procedures

Double-blind, randomized, placebo-controlled

Both AP and TXA reduced blood loss and transfusion requirements compared with placebo in
non-complex cardiac surgery; AP was more effective in reducing blood loss (mean difference
155 ml, 95% CI 60-260)

Double-blind, randomized, placebo-controlled
Both EACA and AP reduced 24 h blood loss after CABG compared with placebo; EACA was
non-inferior to AP

Retrospective database analysis
Paediatric cardiac surgical patients had a lower rate of bleeding needing surgical intervention
(OR0.42;95% CI 0.22-0.77) and a lower mortality (OR 0.39; 95% CI 0.21-0.71) with TXAvs AP

Retrospective database analysis
Significantly lower blood loss at 6 h but not at 12 and 24 h, and lower blood transfusion and
re-thoracotomy rates in paediatric cardiac surgical patients for AP vs TXA



Comparison of outcomes Ratio of odds
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Figure 5 - Results of the Meta-Analysis Undertaken by Levi et al.®,
Showing Increased Incidence of Myocardial Infarction in
Patients Treated with Aprotinin Compared with those Treated
with Lysine Analogues.



Table 1. Efficacy and safety of antifibrinolytic agents in elective
surgery based on a systematic review'”

Comparison RR 95% CI
Need for blood transfusion
Aprotinin vs control 0.66 0.60-0.72
TXA vs control 0.61 0.53-0.70
EACA vs control 0.81 0.67-0.99
Aprotinin vs TXA or EACA 0.80 0.81-0.99
Need for reoperation
Aprotinin vs control 0.46 0.34-0.62
TXA vs control 0.80 0.55-1.17
EACA vs control 0.32 0.11-0.99
Mortality
Aprotinin vs control 0.81 0.63-1.06
Aprotinin vs TXA or EACA 1.39 1.02-1.89
Myocardial infarction
Aprotinin vs control 0.87 0.69-1.11
Aprotinin vs TXA or EACA 1.11 0.82-1.50

Table 2. Dose ranges used with the antifibrinolytic drugs in

randomized controlled trials

Agent Bolus dose Maintenance dose

Aprotinin 25 000 KIU/kg or 255 x 105 KIWh
5 = 10°-2 = 10°KIU

EACA 79-150 mg/'kg or 12.5-30 mg/kg'h or
80mg-15g 1-2 g/h

TXA 2.5 - 100 mg/kg 0.25-4 mg/kg'h

KIU indicates kallikrain-inhibiting wnits.




APROTININ A OFF-PUMP CABG

Grant and colleagues™* 2009 120 Double-blind, randomized, plocebo-controlled
AP reduced the incidence of major adverse cardiac and cerebrovascular events, but wasa
predictor for postopemtive ocute kidney injury in OPCAB surgery

Desai and colleogues™ 2009 75 Double-blind, randomized, plocebo-controlled

AP reduced hypercoogulable state ( platelet octivation and thrombin generation) and red blood
cell transfusion and the rate of thrombotic events (graft failure, myocardial infarction, and
stroke) in OPCAB surgery




APROTININ STORY: SOUCASNA SITUACE

vysledky studii nejsou zcela konzistentni
Aprotinin prokazatelne ucinneéjsi v redukei
krvaceni a proti lysin. analogiim jediny ucinny
v redukci reoperaci pro krvaceni

Nejasné, proc ve studil Mangano,2006 byla vetsi
mortalita na masivni krvaceni v rameni s AP

Cochrane review 2011(252 studii, 25000 pac.) —
AP se zda byt uicinnejsi a vyhodneéjsi u
komplexnich rizikovych vykontl (rozpor se studii
BART), vyrazné rozdily v davkovani

2011 Health Authority of Canada povoluje AP

pouze u CABG, v Evropé dosud nepovolen, pres
opatrné doporuceni EMA 2012 k prehodnoceni



LYSINOVA ANALOGA

o Kyselina trenaxamova (TXA)

o Kyselina ¢ - aminokapronova (EACA)
0 1957 — Utako a Shosuoke Okamoto

Lysine NH,
|
H,N-CH,~CH,~CH,~CH,-CH-COOH

e-Aminocaproic Acid
H,N-CH,-CH,-CH,~CH,-CH -COOH

Tranexamic Acid

wor oo

Figure 3 — Lysine Analogues — on the Extremities Are the Radicals
Aminocaproic and Carboxylic.
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LYSINOVA ANALOGA

reverzibilni blokada lysinového vazebného mista
na molekule plazminogenu

zabranuji aktivaci plazminu

cilova koncentrace k inhibici cirkulujiciho
plazminu béhem MTO je 10-20mg/l pro TXA a
130-260mg/l pro EACA

plazmaticky polocas 2 hodiny, exkrece moci — 36

EACA, 24h TXA

davkovani dle farmakokinetickych modelu :
TXA 12,6mg/kg (+1mg/kg priming),6,5mg/kg/h
EACA 50mg/kg+ 25mg/kg/h

Dowd, Butterworth, Anesthesiology 1999, 2002



STUDIE S TXA A EACA V KARDIOCHIRURGII

Shimizu and colleagues’®

Martin and colleagues™

Martin and colleagues™*®

Martin and colleagues®’

Martin and colleagues*®

Keyl and colleagues™”

~ Adlerand colleagues®*

Wang and colleagues®

2011

2011

2011

2012

2011

2011

2011

2012

160

234

235

227
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Randomized, placebo-controlled trial

Blood loss at 24 h was significantly lower for TXA vs placebo in paediatric patients [mean
difference — 4.9 (95% CI —9.7 to —0.01) ml kg~ '], but no difference in blood transfusion rate
Retrospective database analysis

No significant difference between TXA and EACA with regard to blood loss, transfusion, or
adverse events in paediatric cardiac surgical patients

Retrospective, single-centre database analysis

Neonatesundergoing cardiac surgery had a significantly higher blood loss with EACA compared
with AP; no difference in rate of re-operation or transfusion

Retrospective, single-centre database analysis

Infants undergoing cardiac surgery had a significantly higher blood loss with EACA compared
with AP but no difference in transfusion rate

Retrospective, single-centre database analysis

Significantly lower 24 h blood loss in patients receiving TXA vs EACA (400 vs 500 ml, P=0.015)
Retrospective, single-centre database analysis

Lower risk of 24 h blood loss of =800 ml with TXA compared with EACA (OR 0.53,95% CI 0.37-
0.77)

Systematic review and meta-analysis of eight RCTs
TXA reduced the risk of allogeneic blood component transfusion and red cell transfusion in
OPCAB surgery

Double-blind, randomized, placebo-controlled
TXA led to a significant reduction in 6 and 24 h chest-tube drainage, and a reduced number of

patients transfused with red blood cells and fresh frozen plasma in OPCAB surgery




SYNTETICKA ANTIFIBRINOLYTIKA-
DAVKOVANTI

EACA: 100-150mg/kg bolus + 10-15 mg/kg/h
nebo 4-6 g bolus + 1g/h; novejl nizsi davky —
50mg/kg bolus + 20-25mg/kg/h

TXA: 10-20mg/kg bolus + 1-2 mg/kg/h  nebo b g
bolus + opakované bolusy do davky 15 g; noveji 1
davky nizsi

Davky dle Hensley: A Practical Approach to
Cardiac Anesthesia, LWW, k2003

Off —label podani

Davky uzivané ve studiich 1 v bézné praxi
vetsinou vyrazneé prevysuji davky doporucené dle
farmakokinetickych modelu



SYNTETICKA ANTIFIBRINOLYTIKA —
NEZADOUCI UCINKY
Martin 2008, 1188 pacientu -Popsany krece po
podani vyssich davek TXA (2g bolus+2g MTO
priming+500mg/h) u 4,6% vs aprotinin 1,2%
Ender 2010: 10 466 pac. aprotinin vs. TXA nizké

(4x1g) vs. vysoké davky (4x1g+kontin. 1g/h)
vyskyt kreci 1,6% AP vs. 2,9% vs. 13,3%
Trombotické komplikace jsou stale predmeétem
diskuze

Pacienti pod vlivem clopidogrelu podstupujici
CABG pravdépodobné profituji z podani TXA
(Senay 2010)-bolus.davka 20mg/kg



EJA Eur J Anaesthesiol 2013; 30:270-382

Management of severe perioperative bleeding
Guidelines from the European Society of Anaesthesiology

Sibylle A. Kozek-Langenecker, Arash Afshari, Pierre Albaladejo, Cesar Aldecoa Alvarez Santullano,
Edoardo De Robertis, Daniela C. Filipescu, Dietmar Fries, Klaus Gorlinger, Thorsten Haas,
Georgina Imberger, Matthias Jacob, Marcus Lance, Juan Llau, Sue Mallett, Jens Meier,

Niels Rahe-Meyer, Charles Marc Samama, Andrew Smith, Cristina Solomon,
Philippe Van der Linden, Anne Juul Wikkelsg, Patrick Wouters and Piet Wyffels




7.1.7 Antifibrinolytics and tranexamic acid
Recommendation

We recommend the consideration of tranexamic acid
(20-25mg kg ). 1A

The ethicacy of antifibrinolvtics has been well studied 1n
patients undergoing elective surgical procedures.*”?=*7
A large meta-analysis found that tranexamic acid provides
a similar reduction 1n perioperative transfusion to that
scen with aprotinin, but with improved safery.*’5*Y
Tranexamic acid doses of up to 25mgkg™ " are usually
recommended; these can be repeated or followed by
continuous infusion (1-2mgkg 'h™ ).

An analysis of tranexamic acid use in 20 211 trauma

patients showed that i1t improves survival rates by
: 481

approximately 10%.

7.1.8 Aprotinin
Aprotinin is no longer available. Aprotinin was withdrawn
from the market because of safety concerns.



8.1.2.4 Antifibrinolytic therapy (tranexamic acid and
g-aminocaproic acid)

Numerous studies have reported the use of the antifi-
brinolytic drugs aprotinin, tranexamic acid and EACA to
reduce blood loss in cardiovascular surgery. However,
aprotinin was withdrawn worldwide following a mulu-
centre RCT (#=2331) which demonstrated an increased
risk of mortality associated with its use, compared with
tranexamic acid and EACA, in high-risk cardiac
surgery.*”® Recent Italian recommendations for preopera-
trve management of pertoperative transfusion report that
tranexamic acid is favoured over EACA in cardiovascular
surgery due to the increased potency of tranexamic acid
and the increased availability of supporting evidence.®
No prospective studies were identified which compared
a single preoperative bolus of tranexamic acid with
tranexamic acid administration throughout surgery. How-
ever, a four-arm prospective randomised trial (7 =150)
compared a preoperative bolus of EACA with two intra-
operative EACA dosing regimens and a no-treatment
control in elective CABG.>** Although EACA adminis-
tration reduced  postoperative  chest-tube  drainage
volume when administered preoperatively, the effect
was significantly enhanced by administering EACA intra-
operatively.,




SPECIAL REPORT: STS WORKFORCE ON EVIDENCE BASED SURGERY

2011 Update to The Society of Thoracic Surgeons
and the Society of Cardiovascular Anesthesiologists
Blood Conservation Clinical Practice Guidelines*

The Society of Thoracic Surgeons Blood Conservation Guideline Task Force:

Victor A. Ferraris, MD, PhD (Chair), Jeremiah R. Brown, PhD, George J. Despotis, MD,
John W. Hammon, MD, T. Brett Reece, MD, Sibu P. Saha, MD, MBA,

Howard K. Song, MD, PhD, and Ellen R. Clough, PhD

The Society of Cardiovascular Anesthesiologists Special Task Force on Blood Transfusion:
Linda J. Shore-Lesserson, MD, Lawrence T. Goodnough, MD, C. David Mazer, MD,
Aryeh Shander, MD, Mark Stafford-Smith, MD, and Jonathan Waters, MD

The International Consortium for Evidence Based Perfusion:
Robert A. Baker, PhD, Dip Perf, CCP (Aus), Timothy A. Dickinson, MS,
Daniel J. FitzGerald, CCP, LP, Donald S. Likosky, PhD, and Kenneth G. Shann, CCP

Drugs used for intraoperative blood management

Lysine analogues—epsilon-aminocaproic acid (Amicar) and tranexamic acid (Cyklokapron)—reduce total I(A)
blood loss and decrease the number of patients who require blood transfusion during cardiac procedures
and are indicated for blood conservation.

High-dose (Trasylol, 6 million KIU) and low-dose (Trasylol, 1 million KIU) aprotinin reduce the number of I (A)
adult patients requiring blood transfusion, total blood loss, and reexploration in patients undergoing
cardiac surgery but are not indicated for routine blood conservation because the risks outweigh the
benefits. High-dose aprotinin administration is associated with a 49% to 53% increased risk of 30-day
death and 47% increased risk of renal dysfunction in adult patients. No similar controlled data are
available for younger patient populations including infants and children.




VLASTNI STUDIE

TEG jako standard monitorovani hemostazy v
kardiochirurgin

FN Olomouc 2003-2005
Hajek R, Zezula R, Bruk V, Némec P

Statistika: CBA MU Brno - Jarkovsky J, Némethova
D

Podpora grantu IGA MZ CR NA 7478-3
Prospektivni RCT

Elektivni pacienti

Standardni mimotélni obéh

Heparin 3mg/kg

Mirna hypotermie

500 pacientu v kazdém rameni



LABORATORNI MONITOROVANT

Predoperacneée a po prijeti na JIP

PTT (Quick), aPTT, trombinovy cas, fibrinogen,
FDP a D-dimery semikvant., pocet trombocytli

ACT — celitem aktivovany, pri uziti aprotininu
kaolinem aktivovany ve zvyklych intervalech

TEG analyza: Krev z czk bez obsahu heparinu
1. ivod do anestezie — nativni
2. po ohrati a povoleni aortalni svorky
— heparinasa
3. 10 min po protaminu- nativni

4. 10 min po protaminu - heparinasa



TEG DIAGNOZY V CASE 1

0 18,0%

052,0%

O destickova hyperkoagulabilita

B enzymaticka hyperkoagulabilita

O destikova a enzymaticka hyperkoagulabilita
O sekundarni fibrinolyza

B primarni fibrinolyza

O enyzmaticka hypokoagulabilita

B hypofunkce desti€ek

O neuréeno




TEG DIAGNOZY V CASE 2

49,4%

22,8%

18,8%

4,8%

O desti€kova hyperkoagulabilita

B enzymaticka hyperkoagulabilita

O desti€ckova a enzymaticka hyperkoagulabilita
O sekundarni fibrinolyza

M primarni fibrinolyza

O enyzmaticka hypokoagulabilita

B hypofunkce desti€ek

Oneuréeno

H nizky fibrinogen




TEG DIAGNOZY V CASE 3

0,2%

64,2%

6,0%

6,0%

[

9,4%

B primarni fibrinolyza

B hypofunkce desticek
O neuréeno
W nizky fibrinogen

O destickova hyperkoagulabilita

B enzymaticka hyperkoagulabilita
O destickova a enzymaticka hyperkoagulabilita
O sekundarni fibrinolyza

O enyzmaticka hypokoagulabilita




TEG DIAGNOZY V CASE 4

63,2%

8,0%

0,8%

5,6%

1,0%

O destickova hyperkoagulabilita

B enzymaticka hyperkoagulabilita

O destickova a enzymaticka hyperkoagulabilita
O sekundarni fibrinolyza

B primarni fibrinolyza

O enyzmaticka hypokoagulabilita

B hypofunkce desticek

O neuréeno

M nizky fibrinogen




ZAVER — VLIV APLIKACE TEG
ALGORITMU

Skupiny se nelisily v ¢etnosti podani ani
prumeérném objemu podanych transfuznich
jednotek erytrocytarniho koncentratu, cerstve
zmrazené plasmy a trombocytarniho
koncentratu. Pozoruhodna je nizka cetnost
podani trombocytarniho koncentratu — celkem 5
jednotek v obou skupinach.

Nelze potvrdit hypotézu, ze rutinni monitorovani
TEG a pouziti 1écby vedené podle diagnostického
algoritmu vede k Gspore transfiiznich pripravka.
Skupiny se nelisily v ¢cetnosti podani aprotininu
k 1écbé primarni fibrinolyzy.



ZAVER
Vysoka cetnost vyskytu hyperkoagulacnich stavu
(1/3 pacientu pred vykonem, cca 15% ihned po
vykonu) vyzaduje rozvoj pokrocilejsich metod
monitorovani hemostazy a zamereni vyzkumu na
casnou diagnostiku téchto stavia a véasné
smerovani terapie k prevenci zejména
trombotickych komplikaci



Antifibrnolytika v gynekologii (ESA
2012)

What are the indications for antifibrinolytics (tranexamic
acid) ?

Recommendations

«w  Tranexamic acid reduces the frequency of late bleeding
after cone biopsy of the cervix. B

Tranexamic acid reduces perioperative bleeding in
gynaecological cancer surgery. C

We suggest against the use of tranexamic acid in benign
gynaecological operations such as myomectomy. 213 '




Antifibrinolytika v porodnictvi (ESA
2012)

What are the indications for the use of antifibrinolytic
therapies (tranexamic acid) in obstetrics?
Recommendations

We recommend the administration of tranexamic acid in
aobstetric bleeding to reduce blood loss, bleeding
duration and the number of units transfused. 1B

We suggest that tranexamic acid be considered before
caesarean section. 2C

In antepartum bleeding, we suggest administration of
tranexamic acid. 2B




Ortopedie (ESA 2012)

8.3.4 Antifibrinolytics
Recommendations
We suggest administering tranexamic acid in total hip

arthroplasty, total knee arthroplasty, and major spine
surgery. 2A

Tranexamic acid may promote a hypercoagulable state for
some patients (with pre-existing thromboembolic events,
hip fracture surgery, cancer surgery, age over 60 years,
women). Therefore, we suggest an individual risk-benefit
analysis instead of its routine use in these clinical set-

tings. 2A J




Transplantace jater (ESA 2012)

8.4.5 Pharmacological therapy

8.4.5.1 Antifibrinolytic drugs

Recommendation

Antifibrinolytic therapy reduces blood loss and transfu-
sion requirements in hver transplantation. b5

We recommend antihbrinolyoe drugs ftor treatment
of hbrinolysis (evident from microvascular oozing or
TEG/ROTEM clot lysis measurement) and not for
routine prophylaxis. Marginal grafts (e.g. donation after
cardhac death) increase the nisk of ibnnolysis following

reperfusion. 1€ ‘




Trauma

The Clinical Randomisation of an Antifibrinolytic in
Significant Haemorrhage 2 (CRASH-2) trial was a very
large, multinational and multicentre trial, during which 20
211 adult patients with significant bleeding after trauma
were randomly assigned to receive tranexamic acid (1 g
bolus+1 g infusion >8 h) or placebo within 8 h of trauma.
All-cause mortality was significantly lower in the
treatment group (RR 0.91; 95% CI 0.85-0.97, P=0.0035).

There was also significantly less bleeding with no increase
in thromboembolic events in the tranexamic acid group. A
later analysis of the mortality because of bleeding, as
opposed to overall mortality, revealed that there was a
significant reduction of death because of bleeding only if
tranexamic acid was started within 3 h after trauma. In
fact, later administration was associated with significantly
increased risk of death because of bleeding compared with
placebo (RR 1.44, 95% CI 1.12-1.84; P=0.004).






