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Pediyatrik Kalp Cerrahisi

m KPB

- Koaglilasyon, inflamasyon ve

Cardiopulmonary Bypass in Infants

Asli Dénmez, MD,” and Okan Yurdakak, MD'
Cocuklarda Perioperatif
Journal of Cardiothoracic and Vascular Anesthesis, Vol 28, No 3 (June), 2014: pp 778-768 Kanamayi Artiran Diger
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Pediyatrik Kalp Cerrahisi Sirasinda Kanama

Fibrinolizisin

Antifibrinolitikler aktivasyonunun
tercih edilmekte inhibisyonu
disfonksiyonunun
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perlnperatlve bleedlng THE LANCET - Vol 355 - Apeil 15, 2000
m Nonspesifik serin proteaz inhibitéru

High dose Low dose
(>200 KIL/mL (>50 KIU/mL

Seamo) wasma) m Sigir akciger dokusundan elde edilmekte

m Doz bagimli inhibisyon
Leucocyte Kallikrein

proteases, [ 1, - Plasminin glcli inhibitori
intrinsic Bradykinin
coagulation . P . T
\ o - Kallikrein tGzerine daha az inhibisyon
Pasminogen. —— plasmin}— oo e ~ Tripsin ve elastaz
TA, EACA
—| ibiton Fbringlysis Fibrinolitik aktivitenin
—» Actiation baslamasinindan kaginmak

igin profilaksi

EAGA=Epsilon aminocaproic ackd. o/18/20
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Effects of aprotinin on fibrinolysls

High dose Low dose
(>200 KIU/mL (>50 KiU/mL
plasma) plasma)
Leucocyte  Kallikrein
proteases,
intrinsic Bradykinin
coagulation
tPA
™
Plasminogen ——— Plasmin |— Other lysine
analogues:
TA, EACA
— Inbibition Fibrinolysis
b Activat
EACA=Epsion aminocaproic acid.

an

belirteci D-dimer daha dusuk
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perloperative bleeding

tifibrinolitik

m Trombosit fonksiyonunun korunmasi (+)

m Perioperatif kanamayi azaltan gucli bir

m Aprotinin kullaniminda fibrinolitik aktivite

m ideal olani rekombinant insan aprotinin

of

THE LANCET +Vol 355 + Apeil 15, 2000

The Inflammatory Response to Cardiac Surgery With Cardiopulmonary Bypass:
Should Steroid Prophylaxis Be Routine?

John G.T. Augoustides, MD, FAHA, FASE

dourmal of Carichoraci: and Vascular Avesthesiz Vol 2, o' (October, 112 po 460468

Aprotinin Improves Outcome of Single-Ventricle

Palliation

BOCPS Postoperative Arterisl Saturation

BOCPS Posteparative Suparlor Vana Cava Prasaure

(Ann Thorac Surg 1996621
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Aprotinin Attenuates the Elevation of Pulmonary Vascular Resistance|

After Cardiopulmonary Bypass

J Korean Med Sci 2006; 21 : 25-!

Fig. 3. Pathological findings of the lung. (A) Control group,
k d original magnil 40.
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and eosin stain; original

100. (B) Aprotinin group,

Aprotinin Attenuates the Elevation of Pulmonary Vascular Resistance|

After Cardiopulmonary Bypass

10 tane erkek, kirma kopek
Grup 1: Kontrol grubu
Grup 2: Aprotinin grubu

Before bypass: 50,000 KIU/kg continuous infusion for 20 min

After bypass: 10,000 KIU/kg/hr for 3 hr
Mixed in priming solution: 50,000 KIU/kg

Table 1. Comparison of post-bypass PVR/pre-bypass PVR be-

tween the control and the aprotinin groups

Control Aproinin palue
PVR/AVR 128 158 NS
PVR/PVR 182 173 NS
PVR/PVR 19 166 NS
PVR/PVR 214 15 00047

PVR, pre-bypass PVR; PVR ,,, post-bypass 0-3 hr PVR; NS, not signifi-

o

[

J Korean Med Sci 2006; 21 25-
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Control

1
PVR/PVRc

Fig. 1. The ratio of post-bypass over pre-bypass PVR in the con-

trol and the aprotinin groups.

PVR, prebypass PVR; PVR «., postbypass 0-3 hr PVR.

PVR/PVRc

PVR/PVRC

PVR/PVRc

COCUKLARDA
APROTININ
GUVENLI Mi?
RISKS
-— BENEFITS
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1960 * Akut pankreatit antiinflamatuvar

Effect of aprotinin on need for blood transfusion
1987 after repeat open-heart surgery

Lancet. 1987 Dec 5;2(8571):1289-91.
* Yiksek riskli KABG lerde FDA onami

{ICJSJET | - Hepatik ve major ortopedik cerrahide de popilarite (+)
« Sistemik antiinflamatuvar etki r iyle konjenital kalp hisi

1998 * Tlim KABG ler icin FDA onami

2 006 * Mangano ve Karkouti calismalari, kullanimin sinirlanmasi

20 - Uretici firma tarafindan dretimin durduruimasi

* Distributor firma degisimi
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Therisk of aprotinin:a conflict of evidence ~ The Risk Associated with Aprotinin
www.thelancet.com Vol 367 April 29, 2006 in Cardiﬂc Sll[EEI'V

|_| N Engl) Med 2006;354:353.65.
v Sedrakyan,® 2004 Levi,*1999 Henry,/ 2001

Mortality 096 (0-65-1:40) 055(0:34-0.90) 087 (0-63-119)

Myocardial infarction 085 (0-63-114) 113 (0-76-1:67) 0-97 (0-69-136)

Renal failure 1.01(055-183) . 119 (079-179)

Stroke 053 (0:31-0-90) . 0-43 (0-16-119)

Any thrombosis v 0-64(031-131)

Atrial fibrillation 090 (0.78-1:03)

Table: Relative risk estimates for aprotinin (95% Cl) from three systematic reviews
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The Risk Associated with Aprotinin
in Cardiac Surgery

N Engl ] Med 2006;354:353-65.

Bayer's Trasylol back in the

dock as Canadian study is Bayer Tirk Kimya San. Ltd. ti. den yailan agiklamada, Bugin 08.11.2007
stopped tarihi itibarryla Kanada BART (BART calimast yiiksek riskli kardiyak

operasyon hastalar iizerinde yapilan bagimsiz, randomize ve kontrolli bir
calismadir.) cahsmasindan elde edilen nihai sonuglar alinana ve

degerlendirilene dek, T.C. Saglk Bakanlig1 ve diinya genelinde Ana Firma
tarafindan alinan karar uyarinca Trasylol® (aprotinin enjeksiyon) isimli
preparatin ilkemizdeki pazarlama ve satisin, gegici olarak askiya almis ve
tirtini geri ekmeve baslamustir.
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A Comparison of Aprotinin and Lysine Analogues

BART study in High-Risk Cardiac Surgery

Engl ) Med 2008;353:2319-31.
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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-
sousy | Proic acid group (P-0.06) .

A Comparison of Aprotinin and Lysine Analogues
in High-Risk Cardiac Surgery

Engl ) Med 2008;358:2319-31.

I
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.

Tranexamic acid

o T

o
No. at Risk
Aprotinin 779 753 7.
Aminocaproic acid 780 761 7
Tranexamic acid 769 757 7

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-

oo | Proic acid group (P~ 0.06)
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Aprotinin 10,000 KIU/ml Injection BP

4.1 Therapeutic indications

| Aprotinin i to loss and biood transy adult patients who igh risk of major
blood loss undergoing isolated cardiopulmonary bypass oraft surgery (1. coronary artery bypass arat surgery that is not
combined with other cardiovascular surgery).

The safety and efficacy in children below 18 years of age have not been established

25.09.2020

Comparative Analysis of Antifibrinolytic Medications in Pediatric
Heart Surgery

J Thorac Cardiovase Surg. 2012 March ; 143(3): 550-557
The Society of Thoracic Surgeons Congenital Heart Surgery Database (2004-2008)
“There were 22,258 patients (25 centers) included: median age 7.6m
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Figure
o Antifibrinolytic use in children undergoing heart surgery

Comparative Analysis of Antifibrinolytic Medications in Pediatric

Heart Surgery J Thorac Cardiovasc Surg. 2012 March ; 143(3): 550-557

Aprotinin No drug p-value Aprotinin vs. No Drug p-value
In-hospital mortality 242(3.4%) 317(3.7%) 0.40 0.83 (0.68-1.04) 0.15
m g : g surgical invervention 122 (1.7%) 173 (2.0%) 020 0.76(0.57-1.02) 0.07
Composite— 340 (4.8%) 455 (5.3%) 0.19 0.81 (0.68-0.97) 0.02
Dialysis 106 (1.5%) 102 (1.2%) 0.08 1.03 (0.74-1.45) 0.85
Neurologic deficit 113 (1.6%) 95 (1.1%) 0.007 1.18 (0.84-1.64) 034
Total LOS, days 8.7(4.0-13.0) 7.9(4.0-11.0) <0.0001 1.02(1.00-1.05) 0.11
ICU LOS, days 5.1(2.0-8.0) 44(20-7.0) <0.0001 1.03(0.99-1.06) 0.12
Duration of ventilation, days 34(1.0-5.0)  30(10-5.0) <0.0001 1.04(1.01-1.09)* 0.02
Neonate Subgroup (n=1517) (n=1700)
In-hospital mortality 165 (10.9%)  207(12.2%)  0.25 0.88 (0.66-1.17) 0.38
Bleeding requiring surgical invervention 49 (3.2%) 72 (4.2%) 014 0.91 (0.56-1.49) 0.71

Comparative Analysis of Antifibrinolytic Medications in Pediatric

Heart Surgery J Thorac Cardiovasc Surg. 2012 March ; 143(3): 550-557

Aprotinin No drug p-value Aprotinin vs. No Drug p-value
Redo Sternotomy Subgroup (n=2819) (n=2239)
ln-hosiml momllz 64(2.3%) 67 (3.0%) 0.11 0.57(0.37-0.87) 0.009
Bleedini ramrini surgical invervention 45 (1.6%) 61 (2.7%) 0.006  0.50(0.30-0.85) 0.01
Composite— 102(3.6%)  118(53%)  0.004  0.56(0.40-0.80) 0.001
Dialysis 29(1.0%) 21(0.9%) 0.74 0.96 (0.45-2.02) 0.91
Neurologic deficit 51(1.8%) 27 (1.2%) 0.08 1.22(0.68-2.20) 0.51
Total LOS, da‘s 7.5(4.0-10.0) 8.1(5.0-11.0) 0.001 ﬂ.94m.90—0.98)—b 0.006
ICU LOS. daﬁ 38(20-60) 4.1(2.0-60) 0.0002 0.90(0.84-0.95)° 0.0004
Duration of ventilation, days 23(1.0-3.0) 27(1.04.0) 0.005 0.93(0.87-1.00) d 0.04
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Safety of Aprotinin in Congenital Heart Surgery: Results from a
Large Multi-center Database .nn Thorac Surg. 2010 July ; 90(1); 14-21

v’ 35 farkli merkez
v'2003-2007 yillari arasinda
v'Medyan yas 7 ay

Patient and Center Characteristics

No Aprotinin  Aprotinin »

17041(561) 13331 (43.9)

Table 3

a. Adjusted Outcomes

OR (95% CI) P

Mortality 1.00 (0.99. 1.01)
Dialysis 1.00 (0.99. 1.01)

LSM Difference
Aprotinin o Aprotinin

Total length of Stay (days) —0.44 (—1.01, 0.13) 0.127
ICU length of Stay (days) 0.18 (~0.15. 0.51) 0.291

Aprotinin, transfusions, and kidney injury in neonates and
infants undergoing cardiac surgery

Taisle 1 Most common procedures performed in the study

population
Procedures numbers) Comtrol  Aprotinin 1476 patiante et yr okt
(=568 group ~~.. Missing dala:
=350y transtusion (234)
Vertriclor soptoh defect epair | 117 7 bypass (278)
™ Follox 50 66 creatinine (7)
operation a6 &
overicuar comol 48 1 1176 patients with complete data
Arterial switch operction and . 2a ¥
eniicuier saptal dosure £ oortic 975 patients with GPS
orch repeas
Total anormalous pulmonory vein 24 o ]
connection repar ECMO (17)
Py 1 3
a8 n & ~
o 5 390 patients 588 controis
s » with aprotinin Miniaturized circult (115)
i6 = Tranexamic acid (139)
s “
s ?
Fig 1 Fatient enrolment process over 0 42 month period. Aproti-
nin was suspended from prophylactic use starting in the 20th
ebrpleritrl oot Y * month. Patients with missing data conceming transfusion and/
Primornery stenosis repir s or (PB charocteristics andior postoperative areatinine measure-
Koano procedure - ' ments were excluded.
Others &8 8

British Journal of Anaesthesia 108 (5): 830-7 (2012)
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Aprotinin, transfusions, and kidney injury in neonates and
infants undergoing cardiac surge
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EACTA Annual Congress 2015

Gothenburg - Sweden - June 24 - 26, 2015

Aprotinin: is it time to reconsider?
Eur J Anaesthesiol 2015; 32:591 -595

Antifibrinolytic Therapy for Cardiac Surgery
An Update

Anesthesiology 2015; 123:214-21

Use of antifibrinolytics in pediatric cardiac surgery: Where are
Aprotinin should be used in cardiac surgery - yes 2
1. Levy. Duke University School of Medicine We now:
R — Pediatric Anesthesia. 2019;29:435-440.

A Kost

University Hospital Bochum
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The Safety and Efficacy of Antifibrinolytic
Therapy in Neonatal Cardiac Surgery

Chih-Yuan Lin'?, Jetfery H. Shuhaiber’, Huge Loyola', Hua Liu", Pedro del Nido", James
A. DiNardo?, Frank A. Pigula’
| —]

@Pl_os | ONE

Published: May B, 2015

Table1.
Characteristic Group ANo Group B Tranexamic acid  Group C Aprotinin and both aprotinin ~ p-Value
antifibrinolytic(n = 184)  only(n = 104) and tranexamic ackd(n = 276)
Patients, n 177 100 275
Male gender, n(%) 105 (503) 56(56.0) 155(58.4) 0.87
Age A 612 §(4-12) 5(4-8) 0.0036
406 (061) 326 (056) 3.10(0.68) 00520
Prematury, n 3 0 10 0138
RACHS-1score, median (IQR) 3(3-6) 3(34) 4(3-6) 02850
Deep hypothermic circulatory 2 (15-48) 315 (12.5-49) 17 (-27) 0.0001
i ==
CPB tima, median (IOR) min 128 (100-158) 142 (116-166) 138 (120-163) 00027
3 85(48-04) 78(54-09) 71 (57-88) 0.0971
(1QR) min
9/18/20 27

The Safety and Efficacy of Antifibrinolytic @ PLOS | one
Therapy in Neonatal Cardiac Surgery Publshd Moy, 205
- win
risk tactor OR P value [95%C1 for OR]
= oo
mnsexamic Ac 027 0092 0.06-123
ﬁ o e e
ref) 127 0720 033479
g at surgary 105 0240 0.96-1.16 g
pays in Hos pital 077 0001 067-089
Pays inCICU 135 <0.001 1.18-157 E
Eross-clamp Ao 096 0039 093090 <
freome 121 o012 1.04-141 H
brs time. 102 0020 1.00-108 e
buicHs ot 1-2 e 281
RACHS-1 level 3 128 0816 0.15-10.4 ]
RACHS-1 level 4 073 0831 0.04=126 5
RACHS1 level § 73 0084 0.76-69.9 é
374 0385 0.19-739 w
Jrranstusion < 24n 098 0200 097-100 2
§
0 6 12 18 4 30 3 & 48 S 60
it o
Mumber at risk
o =m2 2 B2 k20 it

Aprotinin versus tranexamic acid in children undergoing

cardiac surgery: an observational study
European Journal of Cardio-Thoracic Surgery 56 (2019) 688-695

Calismanin amaci

* Transflizyon miktari,
morbidite ve mortaliteyi
karsilastirmak

Key question

Should aprotinin be reintroduced
in FTFER SRAETEARESTaEe Toory?

Key finding(s)

Aprotinin is associated with higher exposure
to blood products and severe
postoperative morbidity or mortality.

* Yuksek riskli subgrupta
antifibrinolitik ve
antiinflamatuvar

v
Take-home message

There is insufficient evidence to
reintroduce aprotinin in paediatric cardiac
surgery apart from a well-designed study.

Aprotinin versus tranexamic acid in children undergoing

cardiac surgery: an observational study
European Journal of Cardio-Thoracic Surgery 56 (2019) 688-695

Table 1:  Preoperative characteristics and intracperative data
Variables TXA group (N = 1020] Aprotinin group (N=1142) Povalue
Male gender 594 (58.2) 637 (55.8) 0250
9.6(30-387) 16.0 (6.0-52.0) <0.001
Preoperative weight (kg) 68(43-135) 80(50-15.0) <0001
S 430(422) 531 (465) 0043
) 0.008
category 1-2 488(47.8) 560 (49.0)
Risk category 3-4 496(48.7) 550 (48.2)
Risk category 5-6 . 25(25) 6(05)
CPB time (min) 109 (78-139) 12(78-142) 0268
Aortic cross-clamp time (min) 480(30.0-69.0) 530(320-760) <0.001
Circulatory arrest 64(63) 121 (106) <0.001
MUF 972(96.1) 1008 (88.5) <0.001
Subgroups
Neonates (N = 236) 144(14.1) 52(81) 0009
Complex surgery (N= 1084) 524(51.4) 560 (49.0) 0.007
Redo surgery (= 377) 247(242) 130(11.4) <0.001
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European Joumnal of Cardio-Thoracic Surgery 56 (2019) 688-695.

Table 4: Primary outcomes in the whole population and high-risk subgroups

European Journal of Cardio-Thoracic Surgery 56 (2019) 688-695

Table 5: Secondary outcomes in the whole population

Variables TXA group (N=1020) Aprotinin group (N=1142) 975%Ct P-value
Exposure to blood products
Overall 363 (598) 385 (775) 014-02 0000
Neonates (N =236) 138(959) 91(990) 0010007 0091
Comple surgery (N= 1084) 36 (662) 45(194) 008-019 0001
Redosurgery (N=377) 93(378) 6a(s21) 003-015 0003
Severe postoperative morbidity or mortality
Overall 27(281) 375 (328) 001-009 0007
Neonates (N = 236) 87 (6038) 12(18) 005-030 0.002
Complex surgery (N=1084) 211 (403) 24 (434) 00310009 04
Redo surgery (N=377) B(135) 1387 0170002 0.102

I 9/18/20 31

Variables XA group (N = 1020) Apeotinin group (M= 1142) W% Povalue

Bleeding and transfusions .
Intraoperative blood loss (i kg ") 3002272 4852358 150-220 <0.001
m 1492126 1972195 2870 <0.001
PO biood loss (iptal) (kg 1) 3191588 3981572 09-151 0001
RBC exposure 583 (57.2) 847(742) 01-02 0,001
PP — 179(175) 208(182) 01101 05652
Platelet exposure 71 (70) 123 (108) 0001 0005
BBC ransysion (kg 1392246 3122354 135-208 0,001
FEP transfusion (ml kg 1) 3932292 3432406 541001 0503
Platelet transfusion (mi kg") 2832295 2832267 05123 0774

Morbidity and mortalty
Infection 404 (39.) 518(45.4) -0010-01 0.004
Neurologic event 56(5.5) 148(130) 01-01 0,001
Respiatory faiure’ 245 (24.0) 290(25.4) 011001 0428
Length of MV {h) 78321408 99524226 21810646 0170
PICU LOS {days) 992156 89:212 A7017 0.206
Hospital LOS (days) 2192364 2322330 A11057 0338
Reral failure® 36(35) 30(26) 00100 0278
Prolonged inotropic support® 23 37(57.7) 01-02 0001
Mortality (in hospial 201 37(35) 001000 0681

9/18/20

l European Journal of Cardio-Thoracic Surgery 56 (2019) 638-695

Retrospektif galigma

Table 3: Results of the matching using the covariate balancing propensity score . gt
13 yil gibi uzun bir ddnem

v
Key finding(s) tnin(N=1142)  ASD (%)

Age (months)

192 41.67 000
P it it () inin i i it i 811139 000
racpuniv et Lo Aprotinin is associated with higher exposure i o
g;;mk hw; ds;ay::ycsj to blood products and severe - %
o sur . e "
P postoperative morbidity or mortality. 72081 000
(min) 16149.13 000
Table 4: Primary outcome
Variables Take-home message s%cr Pvalue
Expesure to blood products.
Overall There is insufficient evidence to 14-022 <0001
MNeonates (N = 236) N . 101 to 0.07 0.091
Complex surgery (N = 1084) reintroduce aprotinin In paediatric cardiac 08-015 0,001
ed = " -
. surgery apart from a well-designed study. a1 00
Overall 01-0.09 0.007
Meonates (N = 236) 87 (60.8) 72(77.8) 0.05-030 0.002
Complex surgery (N=1084) 201 (403) 244 (434) 00310009 0148
Redo surgery (N'= 377) 33(135) 113(87) 01110002 0102

SONUG OLARAK,

Elimizdeki verilere gore, agik kalp cerrahisinde

|— sirasinda kullanilan aprotinin, —|

|— Fibrinolizisi inhibe eder —I
|— Trombosit fonksiyonlarinin korunmasini saglar —|
|— Kan Urlnlerinin kullanimini azaltir —|
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Aprotinin pediyatrik kalp cerrahisinde kullanimi givenli mi?
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