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CLINICAL PRACTICE GUIDELINES

The Society of Thoracic Surgeons, The ()
Society of Cardiovascular Anesthesiologists,

and The American Society of ExtraCorporeal
Technology: Clinical Practice
Guidelines*—Anticoagulation During
Cardiopulmonary Bypass

Linda Shore-Lesserson, MD, Robert A. Baker, PhD, CCP, Victor A. Ferraris, MD, PhD,
Philip E. Greilich, MD, David Fitzgerald, MPH, CCP, Philip Roman, MD, MPH, and
John W. Hammon, MD

Hofstra Northwell, Hempstead, New Yor

« KPB baslangig ve devaminda heparinin
dozu ve monitorizasyonu

* Heparinin kontrendikasyonlari ve
alternatifleri

* Antikoagiilasyonun geri dondiiriilmesi

HEPARIN DOZU VE HEDEFLENEN

ACT DUZEYI
NE OLMALIDIR?

+ Yeterli antikoagiilasyonu saglamak igin hastanin
kilosuna gére heparin yapilmasi uygundur !!

YETERLI ANTIKOAGULASYON?

KILOYA GORE HEPARIN?
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KPB sirasinda ACT 480 sn lizerinde
olmahdir!

Ortalama bir degerdir.

* 400sn'nin iizerindeki degerler terapotik
kabul edilmektedir!

Heparin 300IU/kg!

ISI, PROTEAZ INHIBITORLERI,
HEMODILUSYON, AKTIVATOR TURU

ACT DEGERLERINTI ETKILER!

71
he American Society of Extra-Corporeal Tech

The Effect (:lm
Cardiopulmonary Bypass hree Different Metho.

Activated Clotting Time Measurement Celite-ACT
Kaolin-ACT
Max-ACT

David Machin, BSc (Hons), ACP:* Philip Devine, MS

*Perfusion Department, Theatres, and }Medical Statistician, Glenfield Hospital, Leicester, United Kingdom
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deviation from the mean. Figure 3. The effect on the ACT of difierent temperatures during CPB
using the celite, kaolin, and glass activators (MAX-ACT) with and with-
: ‘mean with error bars

out aprotinin administration.
representing standard deviation from the mean.
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Identifying opti parin m a t auring
cardiopulmonary bypass in obese patients
A prospective observational

mparative study
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Plasma heparin concentration (IU mt)

T T2 T3

Time course of plasma heparin concentration (anti-Xa activity). T1,
3min after injection of heparin; T2, end of cardioplegia; T3, before
protamine. =P < 0.05

500 U/kg Heparin ACT<480 sn

HEPARIN RESISTANSI

Diisik AT diizeyleri (<%60)
Trombositoz

Platelet Faktor 4 (PF4) yiiksekligi

F VIII yiiksekligi

Daha 6nce heparin uygulamasi

DIC

Endokardit

KC fonksiyon bozuklugu

Yas>65

Hepa rin Anti Xa testi 500u AT konsantresi

(1 kez daha
TOP
400 u/kg £k ajan ekle tekrarlanabilir)

Ek heparin
100 u/kg

KPB baslat

(10.000 u/Pr.)

ACT <400 ise
Ek heparin

120 dk sonra ACT kontrol Heparin 50u/kg/30
dk
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Heparin Geri Salinimi

« Yiiksek doz heparin kullanimi neden olabilir.

+ Heparin molekiilleri yag dokusu ve plazma
proteinlerine sekestre olup, sonrasinda kanda
belirebilir.

+ KPB sonras: 6 st.siiresince diisiik doz protamin
inf. ( 25mg/st.) yapilmas diigiinilebilir.

Heparinin kontrendikasyonlar: ve
alternatifleri

Temel Kontrendikasyonlar

HIT (Heparin Iligkili Trombositopeni)
Heparin Hipersensitivitesi

HiT

N
N

Heparinin tetikledigi immiin bir yanmit sonucu,
trombositlerin antikor aracili aktivasyonu ve buna

bagl tiiketimi ile olugan, frombositopeni ve tromboz
ile karakterize edinsel bir sendromdur-.

Heparin verilmesinden sonraki 5-14 giin iginde
trombosit sayisinda %50'nin iizerinde azalma
veya trombotik bir olay geligimi

HiT'DEN SUPHELENMELIYiZ !
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Tani

ELISA (Antikor belirlenmesi)
Yikanmis trombosit aktivasyon testleri

Serotonin salinim testi
Heparin iliskili tfrombosit aktivasyon testi

Trombosit agregasyon testi

HIT+ NE YAPMALIYIZ ?

HIT (+) olan hastalar yiiksek komplikasyon ve
mortalite riski tagirlar!

Elektif kardiyak operasyonlar ertelenmelidir!

Acil durumlarda heparin alternatifleri
kullanilmahdir!

Heparin Alternatifleri

Direk trombin inhibitérleri
- Argatroban
- Lepiriidin
- Dabigatran (p.o)
- Bivaliiridin

Faktér Xa inhibitérleri
- Danaparoid
- Fondaparinuks
- Rivaroksaban (p.0)
- Apiksaban (p.o)

Heparin Alternatifleri

| oedshener | T

Hirudinin

Sentetik, L- Sentetik Glikozaminoglukan Sentetik
Yapi arginin tirevi ;:l:;l:blnant Peptit karisimi Pentasakkarid
Aktivite Direktsrombin | anttrombin | Antitrombin | Antifaktor Xa Anti-faktdr Xa
Atiim Hepatobiliyer Bobrek Enzimatik Bobrek Bobrek

( dbrek
Yarilanma émrii | 40-50 dakika 80 dakika 25 dakika 18-24 saat 17-20 saat
Tedavi aPTT x15-3 aPTT x1.5-2 al .52.5 Anti faktdr Xa Anti faktor Xa
monitorizasyonu | (tedavi 8ncesi) (tedavi 6ncesi) | (tedavi dncesi) | dizeyi 0.5-0.8 U/ml | dizeyi
0,2 ma/kg IV .

Baslangig dozu bolus (sadece R;’ Ill:|s'.021.2:: 23‘::

2 pa/ka/dk IV, uzuv veya ur;ltelsa‘;t A <50kg:

bilirubin1.5ma/dl, | hayati tehdit Baslangig sonra, 300 unite/ 5 mg/qin
HIT'deki dozu kalp yetersizligi, | varsa), infzyon hizi saat 4 saatsonra 50-100kg:

kardiyak cerrahi | maksimal 0.15ma/ka/ 200 Gnite/saat W’ 7.5 ma/qin,

sonrasl, anazarka | baslangig saat IV devamli Infdzyon >100 kg:

ddem; 0.5-1.2 =g/ | inflzyon A anﬂ-v)‘()a‘ 10 ma/ giin SC.

ka/dk hiz1 0,1 mag/kg/ dizeyille ayarlanir.

saat

Doz Karaciger Bébrek Bibrek Bobrek yetersizligi, Bdbrek
Avyarlamas| yetersizligi yetersizligi yetersizligi viicut agirhg yetersizligi
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Koster et al Cardiopulmonary Support and Physiology

Assessment of hemostatic activation during
cardiopulmonary bypass for coronary artery bypass grafting
with bivalirudin: Results of a pilot study

Andreas Koster, MD,? Ruhi Yeter, MD,”> Semih Buz, MD,” Hermann Kuppe, MD,? Roland Hetzer, MD,®
A. Michael Lincoff, MD,* Cornelius M. Dyke, MD,? Nicholas G. Smedira, MD,* and Bruce Spiess, MD'

Objective: Bivalirudin has been successfully used as a replacement for heparin
during on-pump coronary artery bypass grafting. This study was conducted to assess
the effects of the currently suggested protocol for bivalirudin on hemostatic acti-
vation during cardiopulmonary bypass with and without cardiotomy suction.

Methods: Ten patients scheduled for coronary artery bypass grafting were enrolled.
Bivalirudin was given with a bolus of 50 mg in the priming solution and 1.0 mg/kg
for the patient, followed by an infusion of 2.5 mg - kg™ - h™" until 15 minutes

Effectiveness of Bivalirudin as a Replacement for
Heparin During Cardiopulmonary Bypass in Patients
Undergoing Coronary Artery Bypass Grafting

Andreas Koster, Mp, Bruce Spiess, Mb, Derek P. Chew, mgas, MPH,
Thomas Krabatsch, Mp, Luc Tambeur, mp, Abe DeAnda, Mp, Roland Hetzer, mp,
Hermann Kuppe, Mp, Nicholas G. Smedira, mp, and A. Michael Lincoff, Mp

We investigated the use of bivalirudin as an anticoag-  Our data provide the first evidence of clinical feasibility
ulant therapy during cardiopulmonary bypass in 20  of anti fion with bivalirudin during cardiopul
patients who underwent coronary artery bypass graft-  nary bypass. ©2004 by Excerpta Medica, Inc.

ing. Primary end points consisted of clinical outcome (Am J Cardiol 2004;93:356-359)

data, whereas secondary end points focused on blood
i h kinetics, itorir ivalirudin (Angiomax. The Medicines Company.

loss, fi n

Parsippany. New Jersey) is a short-acting (half-

life y 25 minufes) bivalent reversible di-

From e D rect thrombin inhibitor. This agent has been demon-
Surgery, ctratad ta ha mara affactiva with lace accaniatad
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A comparison of bivalirudin to heparin with protamine
reversal in patients undergoing cardiac surgery with
cardiopulmonary bypass: The EVOLUTION-ON study

Cornelius M. Dyke, MD, Nicholas G. Smedira, MD, Andreas Koster, MD, Solomon Aronson, MD,
Harry L. McCarthy I, CCP, Ronald Kirshner, MD, A. Michael Lincoff, MD, and Bruce D. Spiess, MD

Objectives: Unfractionated heparin and its antidote, protamine sulfate, allow for
219;3:“:}’::‘2‘;3‘;"&‘5"9"“':‘ g:g: rapid and reversible anticoagulation during cardiac surgery with cardiopulmonary
o5, bypass. yet limitations exist. including a variable dose-response, dependence on a

cofactor for effect, and antigenic potential. This trial was performed

0 evaluate the and efficacy of bivalirudin as an altenative to heparin with
protamine reversal in on-pump cardiac surgery
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Bivalirudin During Cardiopulmonary Bypass in
Patients With Previous or Acute Heparin-Induced
Thrombocytopenia and Heparin Antibodies:
Results of the CHOOSE-ON Trial

Andreas Koster, MD, Cornelius M. Dyke, MD, Gabriel Aldea, MD,

Nicholas G. Smedira, MD, Harry L. McCarthy 1I, CCP, Solomon Aronson, MD,
Roland Hetzer, MD, Edwin Avery, MD, Bruce Spies
Departments of Anesthesia and Department of Cardio

D

of Cardiovascular and Thoracic
shington State University, Seatt]

, MD, and A. Michael Lincoff, MD

Staz olan alanlarda trombiis riskil

Aspirasyon ile sistemik koagiilasy
inflamasyonun tetiklenmesi

Bivalirudin as an Alternative to Heparin for Anticoagulation
in Infants and Children

Marcia L. Buck, PharmD

Departments of Pharmacy Services and Pediatrics, University of Virginia Children's Hospital, Charlottesville, Virginia

Cardiopulmonary bypass ||

Arqueta-Morales 2 1mg/kg, 2.5 mg/kg/hr (50 mg added toCPB ACT> 400 sec None
etalf (not specified)  circuit)
Almond et aP 160 0.15mgkg, 0.25 mgkg/hr (50mg addto the ACT200-500 sec Bleeding at the time of CPB separation
CPBcircuit) requiring blood products and factor Vi
Gates etal® 165mo) 051 mg/kg (25 mg/kgrhr, 50mg/kg ACT> 400 sec None
bivalirudin added for every 400 mL CPB
prime)
Dragomeretal”  1(17mo)  05-1mg/kg (25 mg/kg/hr,nobivalirudin - ACT > 400 sec Minimal bleeding
added to the CPB circuit)

The use of argatroban as an anticoagulant for cardiopulmonary
bypass in cardiac operations

European Journal of Haematology ISSN 09024441
CASE REPORT

Argatroban for anticoagulation during cardiac surgery
Monte E. Martin, Goetz H. Kloecker, Damian A. Laber

Division of Hematology and Medical Oncology, Department of Medicine, University of Louiswille and J.G. Brown Cancer Center, University of
Louisvile, Louisuille, KY, USA

Argatroban Anticoagulation for Cardiac Surgery with
Cardiopulmonary Bypass in an Infant with Double Outlet Right
Ventricle and a History of Heparin-induced Thrombocytopenia

Michael L. Ciccolo, MD,*" Jonathan Bemstein, MD* Juan C. Collazos, MD,5"
Ruben J. Acherman, MD,*" Humberto Restrepo, MD, MPH,¥" James M. Winters, CCP,**
Justin Krueger, CCP,** and Wiliam N. Evans, MD®'

diovascular Surgical Associates, 'Department
diatric Hematology and Oncology, Children:
d **Clinical Technician Associates, Las

for Cancer and Blood Disease,

USA

ology and Pediatrics, 'University of

J Anesth (2013) 27:951-955
DO 10.1007/500540-013-16;

Geri dondirilemeyen ACT

MASIF KANAMA

using argatr:

Yoshinori Tanigawa
Koichi Matsumoto +
Arisu Torikai + Yoshil

Received: 25 March 2012
© Japanese Society of And

Abstract  Argatroban w
ing cardiopulmonary bypass (
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Alternatif Yaklasimlar

+ Plazmaferez yapilmasinin ardindan heparin

uygulanmasi
PF4-Heparin antikorlarinda azalma

« Intravensz antitrombositer tedavi
(Glikoprotein ITb/IIIa ant., prostaglandin

analoglart)
Trombosit aktivasyonunda azalma

* LMWH (?)

Antikoagtilasyonun geri dondiirilmesi

* Geleneksel yontem
Heparin kadar Protamin!

Titrasyon Yontemi?
Viskoelastik ol¢iimler?

ACT, TEG

Protamin/Heparin orani < 2.6 olmalil
22.6

Trombosit fonksiyonlar: inhibe olur

ACT uzar
Kanama riski artar

SOCIETY OF CARDIOVASCULAR ANESTHESIOLOGISTS

Protamine Reversal of Heparin Affects Platelet Aggregation
and Activated Clotting Time After Cardiopulmonary Bypass

Toshiaki Mochizuki, MD, Peter J. Olson, MD, Fania Szlam, MMms, James G. Ramsay, MD, and

Jerrold H. Levy, MD

Department of Anesthesiology, Emory University School of Medicine Divicinn nf Cardintharacia &nosthosinlory and

Critical Care, The Emory Clinic, Atlanta, Georgia (5). Reliance on the ACT as the sole measure of rever-

o ~ sal of heparin effect may be unreliable because it can

be affected by many disorders of coagulation (6).
Thus, an increased ACT after protamine administra-

i tion may be due to excess protamine (rather than
inadequate protamine) or coagulation issues unrelated
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Protamine bagl komplikasyonlar

CiDDI
Anaflaksi
Pulmoner 6dem
Pulmoner hipertansiyon

Protamin kesilmelil
KPB tekrar baslatiimali!

SON sOz

Heparin alamayan hastalarda KPB igin ideal
bir antikoaglilasyon stratejisi
bulunmamaktadir!

Bivaluridin en giivenli alternatif gibi
durmaktadir!

Heparin ve protamin altin standart olarak
kalmaya devam etmektedir!
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