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Extracorporeal membrane oxygenation (ECMO) has been used increasingly in adult
patients with cardiopulmonary failure.! According to the Extracorporeal Life Support Orga-
nization’s (ELSO’s) 2012 report over 51,000 patients have received ECMO. Most cases are
for neonates; however, an increasing proportion is for adults.> ECMO is a unique life saving
therapy, but many patients experience complications including: hemolysis, systemic thrombo-
embolism, neurologic complications, and bleeding.> We previously reported that up to 56% of
patients experience at least one significant bleeding event during ECMO and the rate of serious
bleeding events is approximately 10 per 100 ECMO days.* Our data also suggest that bleeding
events and the amount of transfusion on ECMO are associated with decreased survival.

Why do ECMO patients bleed and what hemostatic therapies are most effective for
treatment? Unfortunately, there are limited data to help answer these questions. To our knowl-
edge there are no studies comparing bleeding rates with different anticoagulation regiments.
Our own work showed that over-anticoagulation with unfractionated heparin contributes to
bleeding complications during ECMO, as patients with bleeding were more often above their
target activated Partial Thromboplastin Time (aPTT).* Data from one small observational study
suggest that low dose unfractionated heparin with a target Activated Clotting Time ACT of 180-
220 seconds is associated with significantly less bleeding than high dose heparin with a target
ACT of 180-220 seconds.’ In this study low dose heparin was not associated with a higher rate
of thrombosis or oxygenator changes.

In addition to these anticoagulation issues, ECMO patients experience a complex co-
agulopathy. Although, no evidence-based treatments can be recommended at the present time,
various pathophysiologic mechanisms have been suggested. Similar to ventricular assist devic-
es, ECMO appears to increase cleavage of large von Willebrand factor multimers by the A dis-
integrin and metalloproteinase with a thrombospondin type 1 motif, member 13 (ADAMTS13)
enzyme.*’ Qualitative platelet dysfunction also develops within 90 minutes of ECMO initiation
and enhanced fibrinolysis occurs presumably due to contact pathway activation which facilitates
conversion of plasminogen to plasmin.?’

Monitoring patients who are at risk for bleeding during ECMO also remains a sig-
nificant challenge. Viscoelastic Coagulation Tests (VCT) such as Thromboelastography (TEG)
and Rotational thromboelastometry (ROTEM), which have proven useful in other settings
have not been shown to predict bleeding events in ECMO patients.'®!! Our own experience is
that patients who are on ECMO typically have elevated fibrinogen levels and have a normal
Maximum Amplitude (MA) on heparinase TEG or normal Maximal Clot Formation (MCF) on
ROTEM EXTEM or FIBTEM. This is presumably related to elevated fibrinogen levels dur-
ing ECMO. These tests are also not sensitive for detecting fibrinolysis, unless it is a systemic
phenomenon.'? Likewise, standard plasma based coagulation tests such as the International
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Normalized Ratio (INR) cannot rule out fibrinolysis or qualitative platelet dysfunction and are also unlikely to be sensitive tests
for identifying ECMO patients with high bleeding risk. Taken together, the ECMO care team is often left with difficult decisions to
ascertain the adequacy of their anticoagulation, and select optimal hemostatic interventions when patients bleed.

Few studies have examined hemostatic therapies in adult ECMO patients with severe refractory bleeding. One small ob-
servational study of 15 patients suggested that treatment with activated recombinant Factor VII is safe and effective for treating
intractable bleeding during ECMO.!* However, there is also a case report of a fatal thrombosis in an ECMO patient who received
activated recombinant factor VII and activated prothrombin complex.'*

In summary, bleeding during ECMO remains a serious problem, which impacts patient survival. Clinical trials comparing
alternative anticoagulation regiments are badly needed as are mechanistic studies and studies of hemostatic therapies in patients who
experience significant bleeding. Unfortunately, until such evidence is available the ECMO care team is left with few evidence-based
interventions to prevent and treat serious bleeding.

ACKNOWLEDGEMENTS: None.
CONFLICTS OF INTEREST: None.

REFERENCES

1. Maxwell BG, Powers AJ, Sheikh AY, et al. Resource use trends in extracorporeal membrane oxygenation: an analysis of the na-
tionwide inpatient sample 1998-2009. J Thorac Cardiovasc Surg. 2014; 148: 416-421. doi: 10.1016/j.jtcvs.2013.09.033

2. Paden ML, Conrad SA, Rycus PT, et al. Extracorporeal life support organization registry report 2012. 4S410 J. 2013, 59(3): 202-
210. doi: 10.1097/MAT.0b013e3182904a52

3. Makdisi G, Wang I. Extracorporeal membrane oxygenation (ECMO) review of a lifesaving technology. J Thorac Dis. 2015; 7(7):
E166-E176. doi: 10.3978/.issn.2072-1439.2015.07.17

4. Mazzeffi M, Greenwood J, Tanaka K, et al. Bleeding, transfusion, and mortality on extracorporeal life support: ECLS working
group on thrombosis and hemostasis. Ann Thorac Surg. 2015; 4975(15): 1250-1253.

5. Yeo HJ, Kim DH, Jeon D, et al. Low-dose heparin during extracorporeal membrane oxygenation treatment in adults. Infensive
Care Med. 2015; 41: 2020-2021. doi: 10.1007/s00134-015-4015-7

6. Heilman C, Geisen U, Beyersdorf'F, et al. Acquired von Willebrand syndrome in patients with extracorporeal life support (ECLS).
Intensive Care Med. 2012; 38(1): 62-68. doi: 10.1007/s00134-011-2370-6

7. Tauber H, Ott H, Streif W, et al. Extracorporeal membrane oxygenation induces short-term loss of high-molecular weight von
Willebrand multimers. Anesth Analg. 2015; 120(4): 730-736. doi: 10.1213/ANE.0000000000000554

8. Mutlak H, Reyher C, Meybohm P, et al. Multiple electrode aggregometry for the assessment of acquired platelet dysfunction dur-
ing extracorporeal membrane oxygenation. J Thorac Cardiovasc Surg. 2015; 63(1): 21-27. doi: 10.1055/s-0034-1383817

9. McVeen RV, Lorch V, Carroll RC, et al. Changes in fibrinolytic factors in newborns during extracorporeal membrane oxygenation.
Am J Hematol. 1991; 38(3): 254-255.

10. Panigada M, Mietto C, Pagan F, et al. Monitoring anticoagulation during extracorporeal membrane oxygenation in patients with
acute respiratory failure. Crit Care. 2013; 17(Suppl 2): P126. doi: 10.1186/cc12064

11. Nair P, Hoechter DJ, Buscher H, et al. Prospective observational study of hemostatic alterations during adult extracorporeal
membrane oxygenation (ECMO) using point-of-care thromboelastometry and platelet aggregation. J Cardiothorac Vas Anesth.
2015; 29(2): 288-296. doi: 10.1053/j.jvca.2014.06.006

12. Raza I, Davenport R, Rourke C, et al. The incidence and magnitude of fibrinolytic activation in trauma patients. J Thromb Hae-
most. 2013; 11(2): 307-314. doi: 10.1111/jth.12078

Res Pract Anesthesiol Open J Page e2



http://dx.doi.org/10.17140/RPAOJ-1-e001
http://www.ncbi.nlm.nih.gov/pubmed/24183903
http://www.ncbi.nlm.nih.gov/pubmed/23644605
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4522501/
http://www.ncbi.nlm.nih.gov/pubmed/26271907
http://www.ncbi.nlm.nih.gov/pubmed/21965100
http://www.ncbi.nlm.nih.gov/pubmed/25565317
http://www.ncbi.nlm.nih.gov/pubmed/25083831
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3642433/
http://www.jcvaonline.com/article/S1053-0770%2814%2900283-3/abstract
http://www.ncbi.nlm.nih.gov/pubmed/23176206

Openventio
RESEARCH AND PRACTICE IN ANESTHESIOLOGY

ISSN 2689-1255 doi: 10.17140/RPAOJ-1-e001
Open Journal

13. Repesse X, Au SM, Brechot N, et al. Recombinant factor VIIa for uncontrollable bleeding in patients with extracorporeal mem-
brane oxygenation: report on 15 cases and literature review. Crit Care. 2013; 17(2): R55. doi: 10.1186/cc12581

14. Bui JD, Despotis GD, Trulock EP, et al. Fatal thrombosis after administration of activated prothrombin complex concentrates in
a patient supported by extracorporeal membrane oxygenation who had received activated recombinant factor VII. J Thorac Cardio-
vasc Surg. 2002; 124(4): 852-854. doi: 10.1067/mtc.2002.126038

Res Pract Anesthesiol Open J Page e3



http://dx.doi.org/10.17140/RPAOJ-1-e001
http://www.ncbi.nlm.nih.gov/pubmed/23531278
http://www.jtcvsonline.org/article/S0022-5223%2802%2900165-4/abstract

	_GoBack

