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Anticoagulation and Antithrombin in Veno-venous 
Extracorporeal Membrane Oxygenation
M. Patricia Massicotte, B.Sc., M.Sc., M.D., M.H.Sc., Mary E. Bauman, R.N., B.A., M.N.

Extracorporeal membrane oxy-
genation is effective therapy 

for combined respiratory and car-
diac failure (veno-arterial extra-
corporeal membrane oxygenation) 
or respiratory failure alone (veno-
venous extracorporeal membrane 
oxygenation) providing days and 
weeks of support. However, extra-
corporeal membrane oxygenation 
is also associated with serious 
sequelae including mortality 
(overall survival 55%) and morbid-
ity both highly related to hemo-
static abnormalities. Morbidity 
includes major bleeding (50%), 
intracranial hemorrhage (6%), and 
thrombosis (12%),1–3 with isch-
emic stroke being the most feared 
(12%).1,3 Thrombosis results from 
activation of in vivo physiologic 
pathways (hemostasis, fibrino-
lysis, platelets, complement, and 
inflammation)4 as a result of 
blood interaction with the for-
eign materials within extracorporeal membrane oxygen-
ation circuit components and shear stress caused by the 
circuit pump. Cellular damage as reflected by elevated plas-
ma-free hemoglobin, circulating microparticles (platelets, 
endothelial cells), and biomarkers of activation of coagu-
lation, complement, inflammation, and platelets increases 
the risk of thrombosis. Often, thrombosis in extracorporeal 
membrane oxygenation components (circuit, oxygenator, 
and/or pump) necessitates equipment replacement during 
ongoing therapy to prevent malfunction and thrombus 
embolization. However, compounding the challenge is 
increased bleeding risk due to a number of factors includ-
ing underlying illnesses, decreased levels of von Willebrand 
factor due to degradation, and unknown optimal anti-
coagulation strategies, as reflected by variable dosing and 
laboratory monitoring. Modulation of hemostasis using 
anticoagulation therapy is necessary to prevent thrombosis, 

but must do so without increasing 
bleeding.

In the current issue of 
Anesthesiology, Protti et al. 
determined current practice in 
veno-venous extracorporeal mem-
brane oxygenation by surveying 
50 countries with 273 unique 
responses (Extracorporeal Life 
Support Centers).5 Ninety-seven 
percent of centers prescribed 
heparin as the anticoagulant of 
choice,5 consistent with previous 
publications. Although most cen-
ters use heparin for extracorporeal 
membrane oxygenation, bleeding, 
variable pharmacodynamics,6 and 
patient drug resistance6 are prob-
lematic, necessitating monitoring. 
Inhibition of factor Xa and throm-
bin is blocked by platelet binding 
and fibrin and endothelial surfaces, 
respectively, resulting in heparin 
resistance. Heparin also binds to 
proteins (platelet factor 4, vitronec-

tin, and histidine-rich glycoproteins). The concentrations 
vary between individuals and disease states causing drug 
neutralization and heparin resistance. Finally, heparin lacks 
a linear dose and anticoagulant response necessitating mon-
itoring.6 Recognition that heparin acts by binding to and 
activating the enzyme inhibitor, antithrombin, is important 
in understanding heparin’s mechanism of action, but also 
the controversy about antithrombin replacement during 
extracorporeal membrane oxygenation. Adding to the vari-
ability of heparin response, only a fraction of heparin mol-
ecules containing a specific pentasaccharide sequence have 
high affinity for antithrombin. The heparin-antithrombin 
complex subsequently increases inhibition of activated 
coagulation factors, especially factor Xa and thrombin by 
300-fold.6

The major challenge is identifying the “best way” to mon-
itor heparin effect with optimal patient outcomes. Lack of 

“[T]he best management for 
extracorporeal membrane 
oxygenation, including the 
anticoagulation agent and 
laboratory monitoring tests, 
remains elusive...”
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evidence-based guidance on appropriate monitoring tests 
is again illustrated by Protti et al. by variable laboratory test-
ing between centers.5 Laboratory monitoring of heparin was 
divided among centers included partial thromboplastin time 
(PTT), activated clotting time, and anti–factor Xa activity 
in 41.8%, 30.0%, and 22.7%, respectively. Notably, each test 
has limitations, which must be recognized by the clinician. 
Traditionally, the PTT has been the monitoring test of choice 
for heparin. Different laboratory test systems (reagents and ana-
lyzers), high concentrations of nonspecific acute phase reac-
tants (e.g., factor VIII or fibrinogen), antiphospholipid antibody, 
acquired antithrombin deficiency, or coagulopathy will result in 
a PTT that will not prolong as expected in the presence of hep-
arin. Despite recommendations to establish a therapeutic PTT 
range to correspond to a heparin concentration of 0.2 to 0.4 
U/ml (protamine titration) or 0.35 to 0.7 U/ml (chromogenic 
testing) to standardize for differences in reagents, this approach 
is not utilized in many centers.6 PTT is measured on plasma 
devoid of cells and doesn’t reflect in vivo hemostasis. Similarly, 
the activated clotting time—although traditionally used—has 
variability depending on the reagent used and clot detection 
technique. Additional limiting factors for the activated clotting 
time include hypothermia, platelet count, hemodilution, and 
glycoprotein IIb/IIIa inhibitors (e.g., abciximab, tirofiban, and 
eptifibatide). Anti-Xa monitoring, which measures heparin 
concentration and activity in the ex vivo test sample, is demon-
strated to decrease transfusion requirements thrombosis and 
bleeding and circuit changes.7 Complicating the clinician’s test 
choice for patient management is the lack of correlation of PTT, 
activated clotting time, and anti-Xa concentration.8 Discussions 
continue among experts as to the appropriate monitoring tests 
whether PTT, anti-Xa, or measuring global hemostasis using 
thromboelastography are more reflective of in vivo clinical state.

Although the best management for extracorporeal mem-
brane oxygenation, including the anticoagulation agent and 
laboratory monitoring tests, remains elusive; clinicians are 
seeking guidance as to which laboratory parameters opti-
mize patient outcomes. Retrospective clinical studies in 
extracorporeal membrane oxygenation and non–extracor-
poreal membrane oxygenation adults and children have 
demonstrated that use of an anti-Xa monitoring strategy 
may improve patient outcomes, including survival.7

In this study, Protti et al.5 report that 49% of centers 
measured antithrombin concentration with routine sup-
plementation in 38.1% if the target was not reached (51%), 
or if antithrombin was lower than 70% (49%). Not surpris-
ingly, due to the cost of antithrombin, multivariate analyses 
demonstrated antithrombin supplementation was associated 
with national income and less likely to be prescribed in 
lower income countries. Supplementation was not depen-
dent on the size of the clinical center. Many extracorporeal 
membrane oxygenation patients consume antithrombin, 
which can result in heparin resistance depending on the in 
vivo antithrombin concentration. Furthermore, in neonates, 
developmental hemostasis results in physiologic antithrombin 

concentrations, which are about 30% of adult values until 6 
weeks of age, and can be much lower in ill infants. Heparin 
use in extracorporeal membrane oxygenation in ill neo-
nates is complicated as upwards of 40 U · kg-1 · h-1 of hep-
arin is often required. Evidence-based guidance on use of 
antithrombin supplementation in children, and adults, on 
extracorporeal membrane oxygenation is conflicting, with 
some retrospective pediatric studies demonstrating decreased 
thrombotic events with supplementation,7,9 but not in oth-
ers.10,11 Thus, the benefit of antithrombin replacement in 
extracorporeal membrane oxygenation patients has not been 
established, with costs as much as $3.50 (USD) per unit and 
some patients being replaced with more than 500 units per 
administration, which could be on a daily basis or more.

Extracorporeal membrane oxygenation has extended life 
in patients with cardiopulmonary illness refractory to med-
ical therapy, however there remains few prospective clinical 
studies guiding management, particularly evaluating antico-
agulation. The financial cost of extracorporeal membrane 
oxygenation is significant and additional untested therapies 
further increase the cost (antithrombin supplementation). 
Management currently varies internationally, as demon-
strated by Protti et al.5 with patient outcomes continually 
suboptimal. Limitations of this study include study design 
(survey where reported data is unvalidated); that only selec-
tive Extracorporeal Life Support Organization centers were 
included; and finally, that the data are dependent upon those 
centers that elected to report data.

Urgent large prospective international studies are 
required to provide evidence-based guidelines for man-
agement. Before designing these studies, outcome events 
must have more refined, clinically relevant definitions. 
Extracorporeal Life Support Organization is uniquely 
poised to play a major role in this initiative to definitively 
establish safe and efficacious management for extracorpo-
real membrane oxygenation patients.
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