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Effectiveness of Antifibrinolytics

M et a- odds ratio (95% CI)
. Aprotinin (all doses) vs placebo
analysis of Mortality -
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, Aprotinin remains the
hemostatic agent of
choice.....Evidence of the
efficacy of lysine analogues Is
not as solid as that for aprotinin,
so these agents should be used
only as a second choice in high-
risk cardiac surgery...”

M Engl ] Med 2007;356:2301-11.
Copyright @ 2007 Massachusetts Medical Society.



Relative risk
ratio for primary
CABG and high-
dose aprotinin.
Randomized
trials
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Rate of Re-exploration TX Vs.
Aprotinin

Table 5. Rates of return to the operating room for postoperative hemorrhage in patients treated
with aprotinin and with tranexamic acid (results are pooled from 17 high-dose aprotinin studies

and 11 tranexamic acid studies).

Treatment No treatment
Reexplore Reexplore
Yes No Yes No RR Cl
Aprotinin 18 1099 56 1043 0.316 0.188-0.53
TXA 14 354 17 362 0.848 0.429-1.674

Ferraris VA et al. : Perioperative blood transfusion and blood conservation in cardiac
surgery:
the Society of Thoracic Surgeons and The Society of Cardiovascular Anesthesiologists

clinical practice guideline.
Ann Thorac Sura 2007 83:-S27-8A



Patients with allogeneic Blood

707 0
60

507 40%
407
301
201
101

Aprotinin Placebo

,...riIsk reduction corresponded to more than 250 patients

prevented from receiving any blood transfusion per 1000
MNANDCC nreaadiirac



,Dose-Dependency®

Renal event = dialysis or dysfunction

U] Contral  [[] Aprctinin, low dose [l Aprotinin, high dose

50
P= 0001
47
40+ P< 0001
33
30— 29
i
_E P<0.001 22
. 19
E 1&
10— P=0.12
h
ol
0 = |:
Death Renal Event Cardiovasecular Composite
Event Cutcome Event

Mangano DT. N Engl J Med 2006;354(4):353-65




Renal Dysfunction and Aprotinin (Creatinine increase
at least 0.5 mg/dl)

Renal dysfunction
Blauhut et al, 1931 013 0/13
Baebe et al., 1992 1758 257 - ] 134 0.49 [0.05-5.27)
Codprove stal, 1992 14/57 1058 - 14.47 L38 D.67-283)
Laub et al., 1994 /16 0/16
Swart et al, 1994 1336 533 F S —— 9.00  2.38 (0.95-596)
Digtrich et al,, 1995 dr1% /15 = - i 400 [@.50-31,74)
Feindt et al., 1595 3110 3110 & 422 100 [0.26=3.51)
Larvimer et al, 1995 20/ 108 13,108 m 18.16 154 [0.81-293)
Levy eral, 1995 12470 14/71 — 1558 0.57 [0.43-175)
O'Ambra etal., 1996 21141 671 —- 1058 3.50 (1.50-8.15)
Lernrner et al., 1996 18/173 15/178 . 17.76 1.23 [0.64-2.3T)
Seath et al, 2000 0710 0/10
Bidstrup et al, 2000 2/30 0/30 .- = 084 5.00 (0.25-99.95)
Schweizer et al., 2000 0/28 /29
Dignan et al, 2001 2/101 195 . 2.42 0.65 (0.11-3.83)
Englberger et al., 2002 0r15 0/14
Englberger et al., 2002 L2z 1125 - - - 103 114 [0.08-17.11}
Taggart ot al, 2003 436 2/34 —i 2.84 1.89 [0,37=9.55)
Fauli et al., 2005 0/20 0/20
Total (95% CI) 115/889 75 /8489 100.00 147 (1.12-1.94)
Test for heterogenity: ¥=11328, 12 df (P=0.50], 12=0%
Test for overall effect: Z=2.77 {P=0.0086)
01 02 05 10 20 50 100
Aprotinin Better Placebo Better

Brown, Birkemeyer, O Connor, NEIM 354:18 (2006)



Renal Failure and Aprotinin (Creatinine >= 2 mg/dl or Dialysis))

Full-Dose Aprotinin Flacebo Relative Risk Weight Relative Risk

Outcomne and Stusdy no. weth events fioml po (95% C1) ) (kL)
Remal failurs
Blauhut et al., 1931 013 0/13
Baele el gl 1352 ifsa L7 = - 405 157 (0.18-21.08)
DHetrich eral, 1992 21720 157582 —— (L] LOE (0.35-2.00)
Kalliz ot 2l 1904 1529 Or3l s = 255 533 (0.27- 10661
Lawh eeal., 1994 016 i
Swart et gl, 1594 £ 158 2153 - " 260 LAY (0,365, 34)
Feindt et al.. 1535 i) LT
Lermrmer et al_ 1955 1} 108 104 - a - 100 1.0 (0.06- 15785
Lewy et al, 1995 iFE 2171 - = 404 .51 (0.05-5.47)
D' Armhaa, 1596 1771 il : " - 2.85 5.00 (0.12-72.42)
Lemmer ot 2l . |99 fi1? (TS R — 7 4 {34 (0.01=8 38}
Speckenbrink et al, 1996 0yia Ors?
Alderrman e al.. [958 ir4in 47434 - 128 075 [0.17-1.33)
Elein et al., 1598 0s5a il
Speckenbrink ot 21, 1905 GTER 038
Harig et al, 1999 o0 010
Hashimote et al.. 1959 0,42 iz
Azirmakopoulos et al, 2000 11 O i
Bidstrup et al., 2000 00 G50
Meran et al. 2000 L e 0 l4
Schwezer e gl 2000 024 Q29
Taesani et al, 2000 a1 LT
Aharez et al, 2001 Uf2e 029
Dignan et ol 2001 a1l el s]
Engloergerer al, 2002 [ K] Q4
Englbergeret al, 2007 GYFH 125 - . 730 038 (0.02-% B}
Fauli et al., 2005 0,20 0y20
Total [95%CI) 352345 31233z 10000 103 {0.68-1.74)

Test for heterogenity. y =365, 3 & [P=053], F=0%

Tet for owverall ePecs =037 =071

Brown, Birkemeyer, O Connor, NEIM 354:18 (2006)



Karkoutl

Case control study using propensity scores

Aprotinin n=449; Tranexamic acid n=449

No statistically significant difference (p=0.08) in renal failure
— 25/449 (5.6%) aprotinin group
— 14/449 (3.1%) tranexamic acid group

Higher incidence of renal dysfunction in aprotinin patients (p=0.01)
— 107/449 (24%) aprotinin group
— 75/449 (17%) tranexamic acid group

— renal dysfunction was more pronounced in aprotinin treated
patients with abnormal preoperative renal function

Karkouti et al. Transfusion 2006 on-line



Antifibrinolytics

Tranexamsaure - Cyklokapron®

Aprotinin — Trasylol®




Aprotinin Dosage and Hemostasis
Aprotinin

high dose low dose

/> 200 KI1U/mL) (> 50 KIU/mL)

Leucocyte Kalllkreln

proteases l
Intrinsic

coagulation SCUPA tPA

I

Thrombin | Plasminogemr———> Plasmir®™—Analogues
(TA, EACA)

—® inhibition === activation Segal, Lancet 335; 1289 (200C



Aprotinin In stunned myocardium

% Systo_lic12: . ® Aprotinin
ShortenmglO_: / o o\\. @ Saline

k

o

] * *

4- _,*//.\\;c//._

< N7

0 V/

_2: *p< 0.05 vs aprotinin

-15 0

15 30 45 60 [Min]

Aprotinin 30000 KIU/kg before the onset of regional myocardial ischemia or placebo ir
dogs with 15 min interruption of the circumflex coronary artery blood flow

McCarthy, Anesth Analg 89:1096, 19¢



Troponin T Release and

Aprotinin
[ng/mIJ: :\ 40 patients undergoing
] \ CABG, double-blind
4 0 high-dose aprotinin
] (60.000 KIU/kg + 7.000
KIU/kg*h) or placebo,
3T—© ® . two Q-wave infarctions
/0/ in the control group with
2 ° o= the highest values
] (excluded)
1]
1 @ |Aprotinin
0. ® |Placebd * p< 0.05 vs aprotinin
end of end of odl po day3 po day
CPB

Wendel, J Thorac Cardiovasc Surg, 109:1164



Aprotinin - Regional Ischemia and
Reperfusion in a Beating Heart Rat Model

600- P<0.01 P<0.01

>0 P < 0.05

400
P <0.05

300-

200+

100+

Sham+Aprotinin - MI/R +Placebo MI/R +5000 MI/R +20000
KIU/Kg KIU/Kg

Pruefer, JTCS, 124, 942

CK Loss(U/100 mg tissue)




Stroke after Cardiac Surgery

25% 22%

20%

15% '

10%

5%

0%

0% -
no aprotinin (9/56) half-dose (15/67) full-dose (0/26)
(appr. 3 Mill KIU) (appr. 6 Mill KIU)

Frumento, Ann Thorac Surg 75:479
(2003)



Aprotinin but not TA inhibits cytokine <inc
INOS expression

(measured on murine bronchial epithelial cells)

Hill, AnesthAnalg 84:1198 (1¢
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Miedia %roo%; Media 100 U/ml 500 U/mi
Cytomix Cyt_i_)AT]ix+ Cytomix 250 U/ml 1000 U/ml
Cytomix + Aprotinin



Drugs and Bleeding Tendency

* Synthetic Antifibrinolytics
Tranexamic-acid
e - Aminocaproic-acid

®* Aprotinin

e Nafamostat Mesilate (KK Inh
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Surgery
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Tranexamic Acid Reduces Bleeding and the Need
for Blood Transfusion in Primary Myocardial

Revascularization

Deeb Zabeeda, MD, Benjamin Medalion, MD, Michae] Sverdlov, MD, Shaul Ezra, MD,
Arie Schachner, MD, Tiberiu Ezri, MD, and Amram I. Cohen, MD*
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Prophylactic Tranexamic Acid and e-Aminocaproic

Acid for Primary Myocardial Revascularization
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Lysin Analoge

H,N - CH, - (CH,),- COOH ¢-Amonocaproic acid (EACA

H,N - CH;D‘ -COOH  Tranexamic Acid (TA)



Mode of Action of Lysine Analogues

JEN
Lysine Binding Enzyme Site

A7 tPA \

Activation
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| ‘ EACA/TA =V ' Inhibition
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Metaanalysis
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Anti-fibrinolytic use for minimising perioperative allbgeneic blood
transfusion ’

Hem'y DA, Moxey AJ, Carless PA, O'Connell D, McClelland B, Henderson KM, Sly
K, Laupacis A, Fergusson D
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Tx vs Control

Fig. 02 Tranexamic Acid vs Control (Blood Transfused)

02.01 No. Exposed to Allogeneic Blood

Review: Anti-fibrinolytic use for minimising parioperative allogeneic biood transfusion
Comparison: 02 Tranexamic Acid vs Cortrol (Blood Transfused)
Outcome: 01 No. Exposed to Alogendo Blood

Study ™A Control Relative Risk (Random) Waight Relative Risk (Random)
n/N niN 954 CI % 5% CI

Benoni 1996 8/43 294/43 —_— 48 0.33[0.17,0.00 ]
Blavhut 1094 7118 0/14 —_— 490 0.73[037.1.41)
Brown 1997 18700 20730 - 08 045[0.28,0.71)
Coffey 1905 /16 8/14 —_——- 5.2 0.98 [0.53, 1.84)
Corbeau 1094 16741 12/20 —_— 6.0 0.61[0.36,1.05)
Hardy 1008 28742 27144 —— 83 1.09 [0.79, 1.49 ]
Hiipala 1005 10715 12713 —— 76 D.72 (D.48,1.07 ]
Hiipata 1097 17439 34/38 —— 7 0.40 [0.34,0.71]
Homow 1001 12/37 16 /44 —_—— 54 080 [0.40, 1.04]
Horrow 1095 377121 ri27 —_— 7 1.18 [0.50,2.38 )
Isetta 1003 24770 4 /70 —- 78 052(0.38,075)
Katoh 1097 7/62 10731 —— 38 0.35(0.15,083)
Katsaros 1006 117104 277108 _ 5.0 042(0.22,079)
Menichetti 1690 12724 18724 — 08 0.67 [0.42,1.08)
Penta De Peppo 1095 1715 3715 4 + 08 D.33[0.04,285]

x Pugh 1005 2/22 23/23 0.0 Not estimable
Shore-Lesserson 1996 10/17 12713 — 71 0.04 [0.42,0.08)
Speekenbrink 1005 13715 11715 78 1.18 [0.82, 1.70 ]

Total @5% CI) 2617758 310 /584 1000 0.66 (0.54,081]

Test for heterogeneity chi-square=41.45 df=16 p=0.0005
Test for overall effect=-4.02 p=0.0001

X
Y
=

Favours TXA  Favours Control



Studies TA vs Aprotinin
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Pugh et al [59] Primary ACR  Agretinin 3 Ix WPKIL T AF= T AP = Pla®
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Tranexamic Acid vs. Aprotinin

21% relative risk increase for allogeneic
transfusion with Tranexamic Acid

Fig. 04 TXA vs Aprotinin (Blood Transfused)
04.01 No. Exposed to Allogeneic Blood

Fasnmm: At Fibrmchytis s o menimising penoperaive allagereic: bood ransfusen
Comparison: B4 T ws Apesticn [Blecd TFarsfused)
Qugcome: D6 Mo, Sposed to Aogenac Sood

Seudy T, Forotirie Eelartsae Figh [Fandom] Woimghe =elgtrre Figk (Fandom)
™ LT 1 Cl (T B C
Bigte 10534 Trre A = a8 .58 070, 281 |
Cotbean FEOE 15741 154) —m — i I 105 | 054, 184
lsetta 1683 40T 54 ¢ 140 —— ar DA7 | 0.5, 139
Dedpemichaett 190 12ree e 43 - I -NUny R ek S |
Perta Je Pepps 1985 TAE 0ris Lg 3001093, 5820 )
x  Pugh 1985 o i ks 0.0 Mt estamabie
Sowioendoink 1055 13018 3515 —— £ b 105 009, 1.9 |
Total (255 CI) w1202 [ . ol BO.L 121 |0&3, 1.
Te for heteropessty chi-cguaresa 41 df=5 p=0 0401
Te=t for owerall effect=0.584 p=0 3
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Aprotinin vs. Tranexamic Acid

TA dosage: 61 mg/kg = 5g/patient)

m Placebo (n=60)m Tx (n=60) @ Aprotinin (n=60)

)
<2

N
=

w
2

% of patients

N
<

| —
<2

o

packed cells  any transfusion Rethorac.

Diprose P, Br J Anaesth
2"°"0NE-OA-9071.Q



Relative Risk Recelving any Allogeneic
Transfusion

Aprotinin vs Control Aprotinin vs Tranexamic Acid
100 (] 100
100
751 751
% 50- % 50-
251 251
0- 0-
Control  Aprotinin TA Aprotinin

Aprotinin vs Control: 0.24 (95% CI 0.13 - 0.46; p<0.0001
Aprotinin vs TA: 0.43 (95% CI 0.21 - 0.86; p<0.0195

Diprose P, Br J Anaesth
2"0NE-OA-9071.Q



Blood Loss and TA

O Control @ TA @Aprotinin

1000
800
600
mL

400

200

4-h 24-h

Diprose P, Br J Anaesth
F"°"NNE-OA-271.Q



Aprotinin vs. Tranexamic Acid
TA dosage: 61 mg/kg = 5g/patient)

IAprotiBihAaConti OAprotind Al Contr

Unit

5 12

4 * 10
8 *

3

% * 6

5 **
4 ok

1 2

Patients transfused in % Alogeneic Rec Cells (units)

Diprose P, Br J Anaesth
2"°"0NE-OA-9071.Q




G/L

140

120

100

80

60

Hemoglobin

Before

—o— Control —e—TA —e— Arotinin

CPB CPBEnd POD1

Discharge

Diprose P, Br J Anaesth

"'7006-0A4-971.Q



FACHINFORMATION (Zusammenfassung der Merkmale des Arzneimittels/SPC)

Dosierung bel Patienten mit eingeschrankter Nierenfunktion

Serum-Kreatinin Dosis | v. Verabrei-
chung

L

10 ma/kg KG alle
(2 Ampullen) | 12 Stun-
den

10 ma/kg KG alle
(2 Ampullen) | 24 Stun-
den

5 mglkg KG alle
(1 Ampulle) | 24 Stun-
den

Stand Dezember 2006



TA dosage: 2.5 - 100 mg/kg
i



Conclusion Tranexamicacid

® Pure antifibrinolytic

® TA effectively reduces bleeding
tendency

® In patients with increased bleeding
tendency, TA seems to be slightly less
effective compared to Aprotinin

® Apparently, no effect on inflammatory
response, no effect on thrombin
generation

®°Dosade undefined



Discussion

® No allogeneic Blood - Major Advantage ??

® Primary Prophylaxis to reduce Blood Loss

/=

Severe perioperative Bleeding Complications
Heart Surgery
Organ Transplantation

Polytrauma (Aprotinin better?)




Procedural Characteristics

TA Aprotinin

CABG (n) 68 65
AVR (n) 39 40
Combined 3 5
CPB (min) 87x26 88+25
AoX (min) 6017 62+17
Rethoracothomy 3 2

()

Mortality (n) 1 3




Blood Loss (ITT)

800

Blood Loss (mL)

OTA @ Aprotinin

(@)
)
o

400-

200

6 h

12 h

24 h

total




Blood Loss CABG (ITT)

800

Blood Loss (mL)

(@)
)
o

400-

200
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Significant Reduction of blood loss Aprotinin vs.
Tranexamicacid (106 ml)

Clinical Relevance?

Transfusion requirements, Rethorakotomie not different




Was scheinen (meinen) wir zu wissen ?

Aprotinin nicht effektiver als 50-100 mg/kg Tranexamsaure:

Primare HCH

Pugh SC, J Cardiothorac Vasc Anesth, 1995;9:240 / Speekenbrink, Ann Thorac
Surg, 1995;59:438 / Casati V, J Thorac Cardiovasc Surg, 2000;120:520 / Hekmat
K, Curr Med Res Opin, 2004;20:121

ASS-Vorbehandlung
Bernet F, J Card Surg, 1999;14:92

Komplexe HCH (Re-OP s, Doppeleingriffe)
Wong BI, Ann Thorac Surg, 2000;69:808 / Karkouti K, Transfusion, 2006;46:327

Risikoprofil: wahrscheinlich héher bei Aprotinin

Mangano DT, NEJM, 2006;354:353 / Karkouti K, Transfusion, 2006;46:327 /
Mangano DT, JAMA 2007;297:471
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Figure 4. Adverse outcomes by antifibrinolytic agent compared with placebo. The RRs of adverse outcomes
(mortality, stroke, and myocardial infarction) by antifibrinolytic agent vs placebo are plotted. The RR (diamond)
and 95% Cls (horizontal bars) summarize the effect using a random-effects model. Effects left of 1.0 favor the
antifibrinolytic agent over placebo; effects to the right favor placebo over antifibrinolytic agent. When the
horizontal bars cross 1.0, the effect is not significantly different from the comparison group; this is the case for
all agents for all adverse events (mortality, stroke, myocardial infarction) plotted here.
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Figure 2. Total blood loss by antifibrinolytic agent compared with placebo.
The WMD of total blood loss (mL) by antifibrinolytic agent, each compared
with placebo. WMD (diamond) and 95% Cls (horizontal bars) summarize the
effect using a random-effects model. All antifibrinolytic effects are to the left of
the O, representing a significant reduction in total blood loss over placebo.
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