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Abstract



            
Introduction/Objectives Extracorporeal membrane oxygenation (ECMO) provides circulatory support in patients with severe heart failure, but the frequent use of unfractionated heparin exposes patients to high risk of heparin-induced thrombocytopenia (HIT). We prospectively evaluated the development and clinical impact of platelet factor 4 (PF4)-specific antibodies (Abs) during ECMO and whether specific biological characteristics could predict HIT.



            
Materials and Methods From 2014 to 2018, we studied 57 adults who underwent an ECMO for at least 5 days. The plasma samples collected daily were tested for PF4-specific Abs using immunoassays to detect immunoglobulin (Ig) G, A, and M isotypes or only IgG. Serotonin release assay was performed without and with PF4 to detect pathogenic Abs.



            
Results Twenty-nine patients (50%) were positive for PF4-specific Abs (IgG, A, M), with IgG in 17/57 (30%) and 16 of them (94%) were immunized within 10 days. PF4-specific IgG Abs did not affect the clinical or biological course of most patients. HIT was suspected in only two patients with ECMO circuit dysfunction and unexpected platelet count decrease after day 5. High levels of PF4-specific IgG were detected in both patients, and HIT was confirmed by a serotonin release assay, which was also more sensitive when exogenous PF4 was present.



            
Conclusion PF4-specific Abs are common during ECMO but are mostly non-pathogenic and not associated with a less favorable prognosis. However, an abnormal platelet count evolution, in particular if associated with ECMO circuit dysfunction, should prompt the search for pathogenic PF4-specific IgG.






        
[bookmark: N10B4E]
Keywords

extracorporeal membrane oxygenation - 
extracorporeal life support - 
heparin-induced thrombocytopenia - 
platelet factor 4
      

[bookmark: N11037]
Authors' Contributions

[bookmark: FN180828-4]
        
M.A.M., T.B., E.L., C.V., C.P., and E.A.G. have contributed to patient recruitment and clinical data collection. J.R., Y.G., and C.P. participated in the design and development of the study. C.V. and E.A.G. performed the experiments described. C.V., M.A.M., T.B., E.L., E.A.G., J.R., C.P., and Y.G. contributed to the data analysis. C.V., C.P., and Y.G. wrote the article and all authors reviewed the intellectual content of the manuscript and approved the final version.

      





 

[bookmark: ]

[bookmark: N11044]
	
References


	
[bookmark: JR180828-1]1 

Batra J, 


Toyoda N, 


Goldstone AB, 


Itagaki S, 


Egorova NN, 


Chikwe J. 

Extracorporeal membrane oxygenation in New York State: trends, outcomes, and implications for patient selection. Circ Heart Fail 2016; 9 (12) e003179 





PubMedGoogle Scholar





	
[bookmark: JR180828-2]2 

Elabbassi W, 


Aila FA, 


Chowdhury MA. 

, et al.  The impact of severity of initial illness, determined by SOFA score, and presence of anemia on outcomes among patients requiring extra corporal membrane oxygenation (ECMO) support: a single center experience. Indian Heart J 2017; 69 (06) 762-766 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180828-3]3 

Murphy DA, 


Hockings LE, 


Andrews RK. 

, et al.  Extracorporeal membrane oxygenation-hemostatic complications. Transfus Med Rev 2015; 29 (02) 90-101 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180828-4]4 

Cheung PY, 


Sawicki G, 


Salas E, 


Etches PC, 


Schulz R, 


Radomski MW. 

The mechanisms of platelet dysfunction during extracorporeal membrane oxygenation in critically ill neonates. Crit Care Med 2000; 28 (07) 2584-2590 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180828-5]5 

Urlesberger B, 


Zobel G, 


Rödl S. 

, et al.  Activation of the clotting system: heparin-coated versus non coated systems for extracorporeal circulation. Int J Artif Organs 1997; 20 (12) 708-712 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180828-6]6 

Wendel HP, 


Ziemer G. 

Coating-techniques to improve the hemocompatibility of artificial devices used for extracorporeal circulation. Eur J Cardiothorac Surg 1999; 16 (03) 342-350 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180828-7]7 

Johnson G, 


Curry B, 


Cahalan L. 

, et al.  Effects of surface-bound and intravenously administered heparin on cell-surface interactions: inflammation and coagulation. Perfusion 2013; 28 (03) 263-271 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180828-8]8 

Yoshizaki T, 


Tabuchi N, 


van Oeveren W, 


Shibamiya A, 


Koyama T, 


Sunamori M. 

PMEA polymer-coated PVC tubing maintains anti-thrombogenic properties during in vitro whole blood circulation. Int J Artif Organs 2005; 28 (08) 834-840 





CrossrefPubMedGoogle Scholar





	
[bookmark: BR180828-9]9 

Annich GM, 


Lynch WR, 


MacLaren G, 


Wilson JM, 


Bartlett RH. 

ECMO Extracorporeal Cardiopulmonary Support in Critical Care.  4th ed. Ann Arbor, United-States; Extracorporeal Life Support Organization (ELSO); 2012 





Google Scholar





	
[bookmark: JR180828-10]10 

Addonizio VP. 

Platelet function in cardiopulmonary bypass and artificial organs. Hematol Oncol Clin North Am 1990; 4 (01) 145-155 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180828-11]11 

Schmidt M, 


Bréchot N, 


Hariri S. 

, et al.  Nosocomial infections in adult cardiogenic shock patients supported by venoarterial extracorporeal membrane oxygenation. Clin Infect Dis 2012; 55 (12) 1633-1641 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180828-12]12 

Pouplard C, 


May MA, 


Regina S, 


Marchand M, 


Fusciardi J, 


Gruel Y. 

Changes in platelet count after cardiac surgery can effectively predict the development of pathogenic heparin-dependent antibodies. Br J Haematol 2005; 128 (06) 837-841 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180828-13]13 

Sheridan D, 


Carter C, 


Kelton JG. 

A diagnostic test for heparin-induced thrombocytopenia. Blood 1986; 67 (01) 27-30 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180828-14]14 

Vayne C, 


Guery EA, 


Kizlik-Masson C. 

, et al.  Beneficial effect of exogenous platelet factor 4 for detecting pathogenic heparin-induced thrombocytopenia antibodies. Br J Haematol 2017; 179 (05) 811-819 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180828-15]15 

Nazi I, 


Arnold DM, 


Warkentin TE, 


Smith JW, 


Staibano P, 


Kelton JG. 

Distinguishing between anti-platelet factor 4/heparin antibodies that can and cannot cause heparin-induced thrombocytopenia. J Thromb Haemost 2015; 13 (10) 1900-1907 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180828-16]16 

Jones CG, 


Pechauer SM, 


Curtis BR. 

, et al.  A platelet factor 4-dependent platelet activation assay facilitates early detection of pathogenic heparin-induced thrombocytopenia antibodies. Chest 2017; 152 (04) e77-e80 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180828-17]17 

Laverdure F, 


Louvain-Quintard V, 


Kortchinsky T, 


Rezaiguïa-Delclaux S, 


Imbert A, 


Stéphan F. 

PF4-heparin antibodies during ECMO: incidence, course, and outcomes. Intensive Care Med 2016; 42 (06) 1082-1083 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180828-18]18 

Sokolovic M, 


Pratt AK, 


Vukicevic V, 


Sarumi M, 


Johnson LS, 


Shah NS. 

Platelet count trends and prevalence of heparin-induced thrombocytopenia in a cohort of extracorporeal membrane oxygenator patients. Crit Care Med 2016; 44 (11) e1031-e1037 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180828-19]19 

Kimmoun A, 


Oulehri W, 


Sonneville R. 

, et al.  Prevalence and outcome of heparin-induced thrombocytopenia diagnosed under veno-arterial extracorporeal membrane oxygenation: a retrospective nationwide study. Intensive Care Med 2018; 44 (09) 1460-1469 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180828-20]20 

Warkentin TE, 


Greinacher A, 


Gruel Y, 


Aster RH, 


Chong BH. 

; scientific and standardization committee of the international society on thrombosis and haemostasis.  Laboratory testing for heparin-induced thrombocytopenia: a conceptual framework and implications for diagnosis. J Thromb Haemost 2011; 9 (12) 2498-2500 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180828-21]21 

Warkentin TE, 


Greinacher A. 

Heparin-induced thrombocytopenia and cardiac surgery. Ann Thorac Surg 2003; 76 (06) 2121-2131 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180828-22]22 

Bauer TL, 


Arepally G, 


Konkle BA. 

, et al.  Prevalence of heparin-associated antibodies without thrombosis in patients undergoing cardiopulmonary bypass surgery. Circulation 1997; 95 (05) 1242-1246 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180828-23]23 

Warkentin TE, 


Sheppard JA, 


Moore JC, 


Cook RJ, 


Kelton JG. 

Studies of the immune response in heparin-induced thrombocytopenia. Blood 2009; 113 (20) 4963-4969 





CrossrefPubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 44.200.184.163
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  