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Which	
  is	
  the	
  ideal	
  an-coagulant	
  for	
  ECMO?	
  



An	
   ideal	
   an-coagula-on	
   for	
   ECMO	
   should	
   inhibit	
   platelet	
   and	
  
coagula-on	
   system	
   ac-va-on	
   within	
   the	
   extracorporeal	
   circuit,	
  
be	
   easily	
   -trated	
   to	
   clinical	
   effect,	
   yet	
   s-ll	
   allow	
   enough	
  
endogenous	
   coagula-on	
   ac-vity	
   to	
   prevent	
   bleeding	
   in	
   the	
  
pa-ent.	
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   bleeding	
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Such	
   an	
   ideal	
   an-coagulant	
   is	
   not	
   currently	
   available	
   and	
  
therefore	
  unfrac-onated	
  heparin	
  remains	
  default	
  an-coagulant.	
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Pa-ents	
  who	
  need	
  ECMO	
  as	
  a	
  rescue	
  approach	
  aRer	
  
cardiac	
  surgery	
  and	
  difficult	
  weaning	
  from	
  CPB	
  have	
  
usually	
  experienced	
  a	
  prolonged	
  surgery	
  and	
  CPB	
  

Periopera-ve	
  coagulopathy	
  in	
  	
  
post-­‐cardiotomy	
  ECMO	
  



As	
  a	
  result,	
  they	
  invariably	
  suffer	
  from	
  a	
  complex	
  coagulopathy	
  
which	
  includes:	
  
1.  Thrombocytopenia	
  
2.  Platelet	
  dysfunc-on	
  
3.  Low	
  fibrinogen	
  levels	
  
4.  Reduced	
  levels	
  of	
  AT	
  III	
  
5.  Reduced	
  levels	
  of	
  soluble	
  coagula-on	
  factors	
  	
  
6.  Acidosis	
  and	
  hypothermia	
  are	
  common…	
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Moderate-degree acidosis is an independent determinant of postoperative 
bleeding in cardiac surgery. 
Ranucci M1, Baryshnikova E, Simeone F, Ranucci M, Scolletta S. 
 
 
Abstract 
BACKGROUND:  
Acidosis is a well-known factor leading to coagulopathy. It has been widely explored as a risk factor for severe 
bleeding in trauma patients. However, no information with respect to acidosis as a determinant of postoperative 
bleeding in cardiac surgery patients exists. The objective of this study is to investigate the role of acidosis and 
hyperlactatemia in determining postoperative bleeding and need for surgical revision in cardiac surgery patients. 
METHODS:  
Retrospective analysis on 4,521 patients receiving cardiac operations in two institutions. For each patient the 
preoperative data and operative profile was available. Arterial blood gas analysis data at the arrival in the intensive 
care unit were analyzed to investigate the association between acidosis (pH < 7.35), hyperlactatemia (> 4.0 mMol/
L) and postoperative bleeding and surgical revision rate. 
RESULTS:  
After correction for the potential confounders, both acidosis (P=0.001) and hyperlactatemia (P=0.001) were 
significantly associated with the amount of postoperative bleeding. Hyperlactatemia was an independent risk factor 
for postoperative bleeding even in absence of acidosis. Overall, surgical revision rate was 5.6% in patients with 
hyperlactatemia and no acidosis; 7.7% in patients with acidosis and hyperlactatemia, and 7.2% in patients with 
acidosis and no hyperlactatemia. All these values are significantly (P=0.001) higher than the ones in patients 
without acidosis/hyperlactatemia (2%). 
CONCLUSIONS:  
Even a moderate degree of postoperative acidosis is associated with a greater postoperative bleeding and surgical 
revision rate in cardiac surgery patients. Correction of acidosis with bicarbonate does not lead to an improvement 
of the postoperative bleeding asset. 
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  2015	
  Aug;81(8):885-­‐93	
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WE WANT TO AVOID….. 

Material-dependent blood activation 
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THE	
  TEN	
  COMMANDMENTS	
  OF	
  	
  
ANTICOAGULATION	
  ON	
  ECMO	
  



1.  AN	
  ECMO	
  IS	
  NOT	
  A	
  CPB	
  
2.  LOW	
   HEPARIN	
   DOSE	
   MAY	
   ONLY	
   CONTROL	
   LOW	
   THROMBIN	
  

GENERATION	
  
3.  THE	
  ECMO	
  CIRCUIT	
  IS	
  NOT	
  THE	
  ONLY	
  SOURCE	
  OF	
  CLOTS	
  
4.  BEWARE	
  OF	
  BLEEDING	
  
5.  BEWARE	
  OF	
  THROMBOSIS	
  
6.  THE	
  HEPARIN	
  DOSE	
  IS	
  NOT	
  A	
  CONSTANT	
  
7.  CONSIDER	
   THE	
   COFACTORS	
   (PLATELET	
   COUNT	
   AND	
   AT	
   III	
  

LEVELS)	
  
8.  FIBRINOGEN	
   IS	
   IMPORTANT	
   BUT	
   ONLY	
   AT	
   THE	
   ECMO	
   ONSET	
  

(24	
  HOURS)	
  
9.  THERE	
  ARE	
  ALTERNATIVES	
  TO	
  HEPARIN	
  
10. 	
  WE	
  DON’T	
  KNOW	
  ANYTHING	
  ON	
  ANTICOAGULATION	
  IN	
  ECMO	
  



ALTERNATIVES TO HEPARIN 

1. Bivalirudin	
  is	
  a	
  direct	
  thrombin	
  inhibitor	
  
2.  It	
  works	
  independently	
  from	
  AT	
  levels	
  
3. Con-nuous	
  infusion,	
  rapid	
  onset/offset	
  
4. Successfully	
   used	
   when	
   HIT	
   on	
   ECMO	
   or	
   even	
   in	
  
non-­‐HIT	
  ECMO	
  pa-ents	
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Normal	
  range	
  

P= 0.05 

P= 0.019 
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P= 0.015 

Figure 1 
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PERI-­‐PROCEDURAL	
  COAGULOPATHY	
  

1. Coagula-on	
   factors	
   consump-on	
   (rarely	
   a	
   problem,	
  
thrombin	
  genera-on	
  is	
  low,	
  may	
  be	
  locally	
  high…)	
  

	
  
Therefore,	
  very	
  rarely	
  there	
  is	
  the	
  need	
  for	
  PCCs	
  or	
  rFVIIa..	
  
FFP	
  may	
  be	
  useful	
  if	
  volume	
  replacement	
  is	
  needed.	
  	
  



2.	
  Low	
  levels	
  of	
  fibrinogen.	
  Usually	
  at	
  the	
  onset	
  in	
  post-­‐
cardiotomy	
   ECMO;	
   subsequently,	
   fibrinogen	
   levels	
   rise,	
  
unless	
  in	
  case	
  of	
  con-nuous	
  bleeding	
  
	
  
Fibrinogen	
   concentrate	
   is	
   the	
  best	
   source.	
   Target	
   levels	
  
unknown,	
  possible	
  1.0-­‐1.5	
  g/dL	
  or	
  10	
  mm	
  at	
  FIBTEM	
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3.	
  Low	
  platelet	
  count/func-on	
  
Platelets	
   are	
   con-nuosly	
   consumed	
   and	
   ac-vated	
   on	
  
ECMO.	
   	
   Heparin	
   is	
   bound	
   by	
   platelets.	
   Therefore,	
   the	
  
lower	
  is	
  the	
  platelet	
  count,	
  the	
  more	
  UFH	
  will	
  work…	
  
	
  
Platelet	
   concentrates	
  are	
   the	
  only	
  op-on.	
  Target	
   values	
  
variable.	
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4. Low	
  AT	
  levels	
  
AT	
  is	
  con-nuosly	
  consumed	
  during	
  UFH	
  an-coagula-on	
  
on	
  ECMO.	
  The	
  lower	
  is	
  the	
  AT	
  ac-vity,	
  the	
  less	
  UFH	
  will	
  
work	
  
	
  
Purified	
  AT	
  is	
  the	
  best	
  source.	
  Target	
  value	
  70%?	
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Shear  Stress




ECMO,	
  centrifugal	
  pumps,	
  and	
  avWD	
  

6 L/min 0.8 
cm2 

1.25 m/sec 
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How	
  to	
  monitor?	
  



HEPARIN-BASED ANTICOAGULATION 
Dose range 20-70 IU/kg/min 

aPTT	
  (50/70	
  sec)	
  plus…	
  



HEPARIN-BASED ANTICOAGULATION 
Dose range 20-70 IU/kg/min 

Sangalli	
  F	
  et	
  al;	
  ECMO-­‐Extracorporeal	
  Life	
  Support	
  in	
  Adults;	
  Springer;	
  2014	
  

aPTT	
  (50/70	
  sec)	
  plus…	
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CONCLUSIONS	
  

1. There	
   are	
   very	
   limle	
   topics	
   that	
   deserve	
   more	
  
studies	
   and	
   knowledge	
   than	
   coagula-on	
  
management	
  on	
  ECMO	
  

2. Point-­‐of-­‐care	
  monitoring	
  tools	
  are	
  required	
  
3. Alterna-ves	
  to	
  UFH	
  should	
  be	
  tested	
  in	
  large	
  series	
  


