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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 neonates is complicated as upwards of 40 U · kg-1 · h-1 of heparin 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 others.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 medical therapy, however there remains few prospective clinical
studies guiding management, particularly evaluating anticoagulation. The financial cost of extracorporeal membrane
oxygenation is significant and additional untested therapies
further increase the cost (antithrombin supplementation).
Management currently varies internationally, as demonstrated 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 selective 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 management. 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 extracorporeal membrane oxygenation patients.
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evidence-based guidance on appropriate monitoring tests
is again illustrated by Protti et al. by variable laboratory testing 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 analyzers), high concentrations of nonspecific acute phase reactants (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 heparin. 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 demonstrated 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 membrane oxygenation, including the anticoagulation agent and
laboratory monitoring tests, remains elusive; clinicians are
seeking guidance as to which laboratory parameters optimize patient outcomes. Retrospective clinical studies in
extracorporeal membrane oxygenation and non–extracorporeal 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 supplementation in 38.1% if the target was not reached (51%),
or if antithrombin was lower than 70% (49%). Not surprisingly, 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 dependent 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
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