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Abstract



            
Introduction The recommended minimum activated clotting time (ACT) level for cardiopulmonary bypass (CPB) of 480 seconds originated from investigations with bubble oxygenators and uncoated extracorporeal circulation (ECC) systems. Modern minimal invasive ECC (MiECC) systems are completely closed circuits containing a membrane oxygenator and a tip-to-tip surface coating. We hypothesized that surface coating and the “closed-loop” design allow the MiECC to safely run with lower ACT levels and that an ACT level of 300 seconds can be safely applied without thromboembolic complications. The aim of this study was to investigate the potential risks during application of reduced heparin levels in patients undergoing coronary surgery.



            
Methods In this study, 68 patients undergoing coronary artery bypass grafting with MiECC were randomized to either the study group with an ACT target of 300 seconds or the control group with an ACT of 450 seconds. All other factors of MiECC remained unchanged.



            
Results The study group received significantly less heparin and protamine (heparin [international units] median [min–max], Red_AC: 32,800 [23,000–51,500] vs. Full_AC: 50,000 [35,000–65,000] p < 0.001; protamine [international units], Red_AC: 18,000 [10,000–35,000] vs. Full_AC: 30,000 [20,000–45,000] p < 0.001). The ACT in the study group was significantly lower at the start of MiECC (mean ± standard deviation: study group 400 ± 112 vs. control group 633 ± 177; p < 0.0001). Before termination of CPB the ACT levels were: study group 344 ± 60 versus control group 506 ± 80. In both groups, the values of the endogenous thrombin potential (ETP) decreased simultaneously. None of the study participants experienced thromboembolic complications.



            
Conclusion Since no evidence of increased thrombin formation (ETP) was found from a laboratory standpoint, we concluded that the use of MiECC with a reduced anticoagulation strategy seems possible. This alternative anticoagulation strategy leads to significant reduction in dosages of both heparin and protamine. We can confidently move forward with investigating this anticoagulation concept. However, to establish clinical safety of ACT below 300 seconds, we need larger clinical studies.






        
[bookmark: N11909]
Keywords

perfusion - 
cardiopulmonary bypass - 
CPB - 
blood - 
coagulation - 
anticoagulation - 
minimal invasive extracorporeal circulation - 
MiECC - 
bleeding - 
heparin
      




 

[bookmark: ]

[bookmark: N12F38]
	
References


	
[bookmark: JR174912oc-1]1 

McLean J. 

The discovery of heparin. Circulation 1959; 19 (01) 75-78 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR174912oc-2]2 

Fantl P, 


Ward HA. 

Blood coagulation problems in openheart surgery. Thorax 1960; 15 (04) 292-298 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR174912oc-3]3 

Bull BS, 


Korpman RA, 


Huse WM, 


Briggs BD. 

Heparin therapy during extracorporeal circulation. I. Problems inherent in existing heparin protocols. J Thorac Cardiovasc Surg 1975; 69 (05) 674-684 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR174912oc-4]4 

Bull MH, 


Huse WM, 


Bull BS. 

Evaluation of tests used to monitor heparin therapy during extracorporeal circulation. Anesthesiology 1975; 43 (03) 346-353 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR174912oc-5]5 

Ferraris VA, 


Brown JR, 


Despotis GJ. 

, et al; Society of Thoracic Surgeons Blood Conservation Guideline Task Force; Society of Cardiovascular Anesthesiologists Special Task Force on Blood Transfusion; International Consortium for Evidence Based Perfusion.  2011 update to the Society of Thoracic Surgeons and the Society of Cardiovascular Anesthesiologists blood conservation clinical practice guidelines. Ann Thorac Surg 2011; 91 (03) 944-982 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR174912oc-6]6 

Hessel II EA. 

History of cardiopulmonary bypass (CPB). Best Pract Res Clin Anaesthesiol 2015; 29 (02) 99-111 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR174912oc-7]7 

Anastasiadis K, 


Murkin J, 


Antonitsis P. 

, et al.  Use of minimal invasive extracorporeal circulation in cardiac surgery: principles, definitions and potential benefits. A position paper from the Minimal invasive Extra-Corporeal Technologies international Society (MiECTiS). Interact Cardiovasc Thorac Surg 2016; 22 (05) 647-662 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR174912oc-8]8 

Nilsson J, 


Scicluna S, 


Malmkvist G. 

, et al.  A randomized study of coronary artery bypass surgery performed with the Resting Heart™ System utilizing a low vs a standard dosage of heparin. Interact Cardiovasc Thorac Surg 2012; 15 (05) 834-839 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR174912oc-9]9 

Calafiore AM, 


Teodori G, 


Mezzetti A. 

, et al.  Intermittent antegrade warm blood cardioplegia. Ann Thorac Surg 1995; 59 (02) 398-402 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR174912oc-10]10 

Di Nisio M, 


Peinemann F, 


Porreca E, 


Rutjes AW. 

Primary prophylaxis for venous thromboembolism in patients undergoing cardiac or thoracic surgery. Cochrane Database Syst Rev 2015; (06) CD009658 






PubMedGoogle Scholar





	
[bookmark: JR174912oc-11]11 

Hemker HC, 


Giesen PL, 


Ramjee M, 


Wagenvoord R, 


Béguin S. 

The thrombogram: monitoring thrombin generation in platelet-rich plasma. Thromb Haemost 2000; 83 (04) 589-591 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR174912oc-12]12 

Bosch Y, 


Al Dieri R, 


ten Cate H. 

, et al.  Preoperative thrombin generation is predictive for the risk of blood loss after cardiac surgery: a research article. J Cardiothorac Surg 2013; 8 (01) 154 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR174912oc-13]13 

Chantarangkul V, 


Clerici M, 


Bressi C, 


Giesen PL, 


Tripodi A. 

Thrombin generation assessed as endogenous thrombin potential in patients with hyper- or hypo-coagulability. Haematologica 2003; 88 (05) 547-554 





PubMedGoogle Scholar





	
[bookmark: JR174912oc-14]14 

Fisher AR, 


Baker M, 


Buffin M. 

, et al.  Normal and abnormal trans-oxygenator pressure gradients during cardiopulmonary bypass. Perfusion 2003; 18 (01) 25-30 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR174912oc-15]15 

Schaadt J. 

Oxygenator thrombosis: an international phenomenon. Perfusion 1999; 14 (06) 425-435 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR174912oc-16]16 

Fromes Y, 


Daghildjian K, 


Caumartin L. 

, et al.  A comparison of low vs conventional-dose heparin for minimal cardiopulmonary bypass in coronary artery bypass grafting surgery. Anaesthesia 2011; 66 (06) 488-492 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR174912oc-17]17 

Øvrum E, 


Tangen G, 


Tølløfsrud S. 

, et al.  Heparinized cardiopulmonary bypass circuits and low systemic anticoagulation: an analysis of nearly 6000 patients undergoing coronary artery bypass grafting. J Thorac Cardiovasc Surg 2011; 141 (05) 1145-1149 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR174912oc-18]18 

Demirci C, 


Zeman F, 


Schmid C, 


Floerchinger B. 

Early postoperative blood pressure and blood loss after cardiac surgery: a retrospective analysis. Intensive Crit Care Nurs 2017; 42: 122-126 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR174912oc-19]19 

Biancari F, 


Rimpilainen R. 

Meta-analysis of randomised trials comparing the effectiveness of miniaturised versus conventional cardiopulmonary bypass in adult cardiac surgery. Heart 2009; 95 (12) 964-969 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR174912oc-20]20 

Mirow N, 


Brinkmann T, 


Minami K, 


Tenderich G, 


Kleesiek K, 


Körfer R. 

Heparin-coated extracorporeal circulation with full and low dose heparinization: comparison of thrombin related coagulatory effects. Artif Organs 2001; 25 (06) 480-485 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR174912oc-21]21 

Cartier R, 


Robitaille D. 

Thrombotic complications in beating heart operations. J Thorac Cardiovasc Surg 2001; 121 (05) 920-922 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR174912oc-22]22 

Chakravarthy M, 


Jawali V, 


Patil T. 

Spontaneous right atrial thrombus after off-pump coronary artery bypass surgery. J Cardiothorac Vasc Anesth 2007; 21 (04) 564-566 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR174912oc-23]23 

Hattler B, 


Messenger JC, 


Shroyer AL. 

, et al; Veterans Affairs Randomized On/Off Bypass (ROOBY) Study Group.  Off-pump coronary artery bypass surgery is associated with worse arterial and saphenous vein graft patency and less effective revascularization: results from the Veterans Affairs Randomized On/Off Bypass (ROOBY) trial. Circulation 2012; 125 (23) 2827-2835 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR174912oc-24]24 

Houlind K, 


Fenger-Grøn M, 


Holme SJ. 

, et al; DOORS Study Group.  Graft patency after off-pump coronary artery bypass surgery is inferior even with identical heparinization protocols: results from the Danish On-pump Versus Off-pump Randomization Study (DOORS). J Thorac Cardiovasc Surg 2014; 148 (05) 1812-1819.e2 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR174912oc-25]25 

Lopes CT, 


Dos Santos TR, 


Brunori EH, 


Moorhead SA, 


Lopes JdeL, 


Barros AL. 

Excessive bleeding predictors after cardiac surgery in adults: integrative review. J Clin Nurs 2015; 24 (21-22): 3046-3062 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR174912oc-26]26 

Halkos ME, 


Cooper WA, 


Petersen R. 

, et al.  Early administration of clopidogrel is safe after off-pump coronary artery bypass surgery. Ann Thorac Surg 2006; 81 (03) 815-819 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR174912oc-27]27 

Rafiq S, 


Johansson PI, 


Zacho M. 

, et al.  Thrombelastographic haemostatic status and antiplatelet therapy after coronary artery bypass surgery (TEG-CABG trial): assessing and monitoring the antithrombotic effect of clopidogrel and aspirin versus aspirin alone in hypercoagulable patients: study protocol for a randomized controlled trial. Trials 2012; 13 (01) 48 





CrossrefPubMedGoogle Scholar





	
[bookmark: OR174912oc-28]28 

Williams B, 


Wehman B, 


Mazzeffi MA. 

, et al.  Acute intracardiac thrombosis and pulmonary thromboembolism after cardiopulmonary bypass: a systematic review of reported cases.  Anesth Analg 2017 





PubMedGoogle Scholar





	
[bookmark: JR174912oc-29]29 

Motwani JG, 


Topol EJ. 

Aortocoronary saphenous vein graft disease: pathogenesis, predisposition, and prevention. Circulation 1998; 97 (09) 916-931 





CrossrefPubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 34.239.227.49
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  