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• Extra Corporeal Membrane Oxygenation

• Pump

• Oxygenator 

• Tubings

• Gas-blender

• Heat exchanger   

What is ECMO?



ECMO = ECMO? 

VV-ECMO

VA-ECMO



Current indications

• Cardiac failure
• After cardiac surgery

• After cardiac arrest

• Acute cardiac failure

• Massive pulmonary embolism

• Respiratory failure despite 
optimized ventilator therapy
• Hypoxemia (PaO2/FiO2 

<100mmHg)

• Hypercarbia pH <7.20

• Bridge to
• Recovery
• Transplantation
• Destination
• Bridge



Evidence

• Respiratory ECMO 
• ARDS
• Infection (H1N1)
• Survival of 60-70% 
• CESAR trial 2009, EOLIA trial 2018

• Cardiac ECMO
• Post cardiotomy
• Acute myocardial damage
• E-CPR
• Survival 20-50% 



Artificial surface without endothelium



Abnormal blood flow

• Turbulent flow

• High shear rates

• Variability of flow speed

• High surface contact

• Friction & warming 

Kusters et al. Perfusion 2016



ECMO‘s effect on the coagulation system

Doyle et al. Frontiers Med 2018
Sniecinski A&A 2011



CPB vs ECMO vs DIC? 



Mazzeffi et al. 2019 A&A



Mazzeffi et al. 2019 A&A

2 pM TF/ 5 nM TM



Effect of the underlying disease

• Sepsis

• Trauma

• Pneumonia

• ALI/ARDS

• Autoimmune disease

• CPR

• Pregnancy

Passmore et al. Crit Care 2017



Cannula site 10-30%
CNS 2.2-6%

Oxygenator 7-13%
CNS 2-4.4%



Pro & con anticoagulation

• To prevent thrombosis 

• To prevent activation of inflammation

• To prevent platelet activation 

• To prevent consumption of coagulation factors

• To prevent bleeding

• To prevent side effects of anticoagulation (HIT2)



Technical innovations to prevent clotting
• Bio-coating of the surfaces

• Reducing the size of the system

• Reducing the resistance of the system

• Avoiding areas of stasis

• Avoiding blood-air contact

• Keeping a “blood-flow” of >2L (avoiding hemostasis)

• New flow generators Sladen et al.A&A 2017



ECMO without anticoagulation

• Mainly case reports
• 3 cases of TBI

• Endobronchial bleeding
• Bridge to LtX

• Intermittent stop of UFH infusion
• 29/24

• No difference in thrombotic events

• Reason for stop→thrombopenia, ACT above range, bleeding

Muellenbach et al. J Trauma 2012
Tomasko et al. JHLT 2016
Chung et al. ASIAIO 2017
Wen et al WJES 2015 



• 50 pts
• UFH 5000 IU bolus plus infusion

• Target 180-220 sec ACT

• 52 pts
• UFH bolus only

ECMO with low anticoagulation

Raman et al. JHLT 2019

Non-relevant clots
10 (20%) of group 1
8 (19%) of group 2 



Choices for anticoagulation

• Unfractionated heparin (UFH) iv

• LMWH sc/iv

• DTI (argatroban/bivalirudin) iv

• Antiplatelet drugs

• Iloprost

International survey:

45/47 centers used UFH 
as primary drug

2/47 used bivalirudin

Esper et al. Vox Sang. 2017



Tools to assess anticoagulation

• SLT
• aPTT or aPTT ratio

• PT or PT ratio (INR)

• AT

• Fibrinogen

• D-dimers

• WBC

• Anti Xa levels

• Bedside tests
• ACT

• VET’s

• Platelet function analysis

• Hemochron (bedside SLT’s) 



What do we (traditionally) miss?

• Endothelium function

• vW-factor assessment (multimere)

• Factor XIII measurements

• Prot C

• Prot S



Clinical practice 

• Heparin concentration 4%

• ACT 42%

• aPTT 42%

• Anti-FXa 10%

• TEG/ROTEM 8%

• PT/INR 2%

• Combination 8%

Esper et al. Vox Sang. 2017
Sy et al. J Crit Care 2017 

26 articles/1496 pts
24/1319 pts →heparin 
3/50 pts →no anticoagulation
1/119 pts →bivalirudin

16 ACT 
4 aPTT
4 combination



What do we want to measure?

• Concentration of the drug?

• Laboratory reflection/effect of the drug?

• Clinical effect of the drug?

• Clinical effect of the artificial system on the clotting?

• Predict bleeding?

• Predict thrombosis?



Bleeding/thrombosis & monitoring

Sy et al. J Crit care 2017



ACT 

• Traditionally used (CPB & ECMO)

• Designed for high dose UFH monitoring

• Targets variable between 150-180 sec & up to 240 sec

• Advantage: bedside, well known (?), lesser bleeding complications 

• Disadvantage: 
• Inaccurate in low dose UFH

• High variability due to different assays (celite/kaolin/phospholopids)

• Influenced by Hct, Platelet count/fibrinogen <100mg/dl/hemodilution

Koster et al. Ann Cardiothorac Surg 2019



ACT & heparin dose

Reed et al. Ped Devel Path 2010



aPTT-aPTT ratio

• Advantage: 
• Gold standard for UFH monitoring (?)

• Good availability

• Cheap

• Disadvantage:
• TAT high

• Different reagents- standardization?

• AT sensitive (variable assays)

• Poor correlation with anti-Xa and heparin concentration

Annich et al. Am J Cardiovasc Drugs 2017



Prediction of bleeding

Aubron et al. Ann Intenisve Care 2016



ACT vs aPTT

Cunningham et al. Perfusion 2016



Anti Xa

• Advantage:
• Better correlation with heparin concentration

• Generally lesser transfusion than aPTT guided UFH therapy

• Lesser thrombosis (ECMO) 

• Disadvantage: 
• Not always available

• Needs validation for each anticoagulant

• Free Hb and bilirubin sensitive

• Therapeutic range wide between 0.5-0.7 IU/mL & <1.3 IU/mL

Annich et al. Am J Cardiovasc Drugs 2017
Koster et al. Ann Cardiothorac Surg 2019



Non-concordance with 
aPTT

• 340 samples on 38 pts

• Anti-Xa UFH titrated

• 75% discordance between Anti-
Xa & aPTT

• Most common pattern 
• aPTT supratherapeutic while anti-

Xa in target

Adatya et al. JACC: heart failure 2015



Adatya et al. JACC: heart failure 2015



Hemostatic capacity & consumption

• PT-PT ratio
• Not appropriate for guiding anticoagulation
• Mainly used for global hemostatic capacity
• Again different reagents
• High variability 

• Fibrinogen
• Important factor in active bleeding
• Acute phase protein

• Whole blood count
• Simple measure in EDTA blood
• Counting erythrocytes, white blood cells & platelets



Antithrombin (AT)

•Important amplifier of heparin & LMWH

•Consumption during heparin therapy

•Consumption in sepsis



D-dimers

• Good correlation with clotting 
in the system 

• Predictor for oxygenator 
failure

Lubnow et al. PLOS 2014
Dornia et al. ASOI 2015



Viscoelastic tests ROTEM/TEG

• Advantage:
• Fast

• Well established 

Balance between anticoagulation, 
fibrinolysis & global clot stability

Prakash et al. Anaesth Intensive Care 2016



VET’s & transfusion

• 39 pts (19control/20 intervention)

• Bleeding during ECMO managed by VET algorithm

Kalbhenn et al. Perfusion 2016



VET’s & transfusion

• More usage of platelets, FFP and factor concentrates

• But reduction of severe intracranial hemorrhage 
• 31%→10%

Kalbhenn et al. Perfusion 2016



ROTEM & outcome

Laine et al. Perfusion 2016



Henderson et al. J Extra Corpor Technol 2018

VET & thrombosis



VET strategy

• Observational study on 31 ECMO pts

• UFH treated

• aPTT ACT & r-time of TEG

Ranucci et al. Minerva anesthesiol 2016



VET strategy

Ranucci et al. Minerva anesthesiol 2016



Monitoring scheme

Mulder et al Neth J Crit Care 2018



Summary

• Specific, time dependent coagulation changes

• Mostly continuous iv. anticoagulation UFH

• Monitoring heterogeneous 

• Targets should be clear

• POC tests may contribute if embedded in algorithm



Thank you


