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DISCLOSURES

• I will review off label use of medications



• Review challenges in effective ECMO Anticoagulation

• Review data behind anticoagulation strategies

GOALS





PEDIATRIC ECMO COMPLICATIONS

Bleeding
70%

Thrombosis
37%

Patient Clot
13%

Circuit Clot
31%

Dalton et al. Am J Resp 
and Crit Care Med. 2017



ELSO COMPLICATION DATA

 
Mechanical and Patient-Related Complications with Cardiac ECLS, 2009–2015

Barbaro RP, Paden ML, Guner YS, et al. Pediatric Extracorporeal Life Support Organization Registry International Report 2016. 
ASAIO J 2017; 63:456-463



COMPLICATIONS WHILE ON ECMO FOR SURGICAL 
AND MEDICAL PEDIATRIC CICU HOSPITALIZATIONS

Brunetti et al.. Pediatr Crit Care 
2018;19:544-552
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Bivalirudin
Heparin

Argatroban



ANTICOAGULANTS – HEPARIN

• Dependent on Antithrombin
• Inhibits unbound thrombin and factor Xa

• No effect on clot-bound thrombin

• Reversed with protamine
• Hepatic and Renal clearance
• 1-2 hour half life
• Age-dependent activity
• Antithrombin deficiency leads to resistance



AGE DEPENDENT ANTITHROMBIN III LEVELS 

Logston et al. Journal of Ped Pharm and Therapeutics. 2018



ANTICOAGULATION AND PEDIATRIC ECMO

• Retrospective review of 604 
pediatric ECMO patients 

• Survival is improved by increased 
heparin dose up to 70 units/kg/hr 
independent of ACT levels

• ACT levels did not necessarily 
correlate with increased heparin 
doses 

Baird CW, Zurakowshi D, Robinson B, et al. Ann Thorac Surg 2007;83:912-20. 

Survivors Non survivors p Value 

All patients (n) 349 255

ECMO time (hours) 171 ± 103 197 ± 166 0.017

ACT (seconds) 225 ± 40 229 ± 62 0.36

Heparin (units/kg/hr) 49 ± 20 39 ± 22 <0.001



• 72% had written protocol for anticoagulation and blood product management

• 69% anticoagulation managed by ICU team

• 100% use of heparin (various doses)
- 8% DTI use in prior 6 months

- Various adjunct meds

Pediatr Crit Care Med 2013;14:e77
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Pediatr Crit Care Med 2013;14:e77



ANTICOAGULANTS – BIVALIRUDIN

• Direct thrombin inhibitor
• Inhibits unbound and clot-bound thrombin
• No Reversal agent
• PTT and Direct Thrombin Time 
• Proteolytic degradation
• 25 minute half life
• Less variability in pharmacokinetics



• Retrospective single center comparative analysis of heparin vs. 
bivalirudin for adult and pediatric postcardiotomy ECMO.

• 8 heparin patients & 13 bivalirudin patients

• ACT, PTT, TEG r time monitoring

• Bivalirudin group: less bleeding & thrombotic events, less overall blood 
loss, less transfusions, less AT, lower cost in pediatric patients

Critical Care 2011;15:R275 



• Single center pilot study of PICU and Pediatrc CICU patients 

• Determine if bivalirudin led to less circuit interventions in patients 
previously treated with heparin

• *KID-CLOT team guided management

• 20 ECMO runs: 80% heparin failure, 20% primary bivalirudin

• Bivalirudin group: Lower circuit interventions, no difference in patient 
thrombotic events, more bleeding events

Pediatr Crit Care Med 2020; 21:975–985 



• Retrospective single center comparative analysis pre- and post-
bivalirudin implementation

• 32 PICU patients: 16 heparin and 16 bivalirudin

• Bivalirudin: faster time to therapeutic

• Heparin: more bleeding, more thrombotic events (p=0.1), more 
PRBCs and FFP, higher cost per day

• Similar recovery, decannulation, mortality rates

Pediatr Crit Care Med 2020;21:827-834



BIVALIRUDIN VS HEPARIN

Kaushik et al Perfusion 2023



BIVALIRUDIN VS HEPARIN

• Retrospective Review

• 89 Pediatric ECMO Runs, 8 VV ECMO

Seelhammer et al. Critical Care Medicine. 2021



BIVALIRUDIN VS HEPARIN

Hasegawa, D. et al , 2023. ASAIO Journal
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HEPARIN!



• Data is not there yet
• At least Equivalent
• Probably better in adult-sized patients
• Probably better in difficult-to-anticoagulated patients
• Based on VAD Data, potentially better in long-runs

SUMMARY
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