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Anticoagulation in ECMO patients: an overview
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Abstract
Extracorporeal membrane oxygenation (ECMO) is a form of cardiorespiratory support, and is being increasingly used to support
refractory heart and respiratory failure. It involves draining blood from the vascular system, which is then circulated outside the body
by amechanical pump and then later reinfused back into the circulation. The blood that is circulated outside the body comes in contact
with a large surface area of non-endothelial biosurface. This exposure leads to a pro-thrombotic state, and hence anticoagulation is
required. Unfractionated heparin is the most commonly used anticoagulation in most ECMO centers, but it does require close
monitoring. Despite the advances made, hemostasis remains a challenge for physicians who manage patients on ECMO.
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Interactions between hemostasis and ECMO
biomaterial surfaces

In humans, the healthy endothelium has protective mecha-
nisms to resist spontaneous thrombosis. During extracorporeal
membrane oxygenation (ECMO), blood is exposed to a large
surface area of foreign non-endothelial biomaterial surfaces
(pump, membrane oxygenator, and tubings), which do not
have such endothelium-like protective mechanisms to resist
thrombosis. Therefore, when blood is exposed to such a sur-
face, this leads to a pro-thrombotic state.

The initial step is the adsorption of proteins to the ECMO
biomaterial surface. Fibrinogen is one of the first proteins
adsorbed on the surface. Soon after, other proteins like fibro-
nectin and von Willebrand factor (vWF) (which is activated
by high shear stress and aberrant flow pattern in ECMO) [1]
get adsorbed to the biomaterial surface. Later, fibrinogen is

replaced with protein-like factor (F) XII, high molecular
weight kininogen, prekallikrein, and FXI [2], which have a
higher affinity for the biomaterial surface. This biomaterial
surface–bound FXII undergoes conformational changes to be-
come auto-activated, which triggers thrombin generation via
the intrinsic pathway of coagulation [3]. In addition, the clas-
sical and the alternative pathway of the complement system is
also activated [4]. Once the complement system is activated, it
amplifies the thrombin generation and serves as a potent leu-
kocyte chemoattractant and activator.

The adsorbed protein layer not only initiates the intrinsic
coagulation pathway but also mediates platelet adhesion [5].
Glycoprotein IIb/IIIa (GPIIb/IIIa) (also known as integrin
αIIbβ3) is the most important platelet surface glycoprotein that
is found on the surface of the platelets, which is a receptor for
fibrinogen and vWF. Platelets, even in a quiescent state, are
capable of binding to fibrinogen that is adsorbed to artificial
surfaces [6]. Other proteins like fibronectin and vWF that are
in the protein layer also mediate platelet adhesion [7]. This
interaction between GPIIb/IIIa and fibrinogen deposit, and
other proteins leads to adhesion and activation of the platelets.
Also, thrombin that is generated as a result of intrinsic coag-
ulation pathway activation also activates the platelets. Once
the platelets get activated, they release thromboxane A2 and
adenosine diphosphate, which activate nearby platelets, thus
further amplifying platelet adsorption, adhesion, and activa-
tion [8]leading to the formation of platelet-thrombin complex
[9]. In brief, platelet and leukocyte activation, coagulation,
and complement systems are closely linked processes that
are initiated after exposure to the artificial biomaterial surface,
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thereby leading to a pro-thrombotic and a pro-inflammatory
state.

Fibrinolysis is another essential hemostatic mechanism of
the coagulation cascade and it is suggested that this arm of the
hemostatic cascade is also triggered during ECMO. The pre-
cise role of the fibrinolytic system is not yet elucidated [10].

In ECMO, the coagulation hemostasis is also affected by
other factors, like red blood cell (RBC) hemolysis, acquired
vWF deficiency, thrombocytopenia, and platelet dysfunction
due to concomitant uremia. Factors that cause RBC hemolysis
in the ECMO [11] setting are excessive mechanical shear
stress (applied to RBC due to flow and pressure gradients)
[12] and thrombosis (locally impaired flow conditions that
may lead to mechanical stress) [13]. Free hemoglobin that is
released after hemolysis interacts with vascular-derived nitric
oxide (NO) and eventually leads to its depletion. NO depletion
also leads to further impaired platelet activity by reducing the
activity of guanylate cyclase [14] and endothelial function,
adding to defective thromboregulation.

vWF is a plasma glycoprotein that binds to FVIII (via D
′/D3 domain) and platelet surface GP1b receptor (via A1 do-
main), and thereby also plays a crucial role in the hemostasis.
Most of vWF is synthesized by the endothelial cells, which is
stored in Weibel-Palade bodies in the endothelial cells as
ultra-large vWF. Ultra-large vWF is the most thrombogenic
form of vWF [15] as it has the highest binding potential to
platelets and collagen. vWF is degraded in blood by the
ADAMSTS13 enzyme, thereby maintaining an appropriate
level of vWF needed for hemostasis. When the A2 domain
on the vWF partially unfolds, it exposes the buried cleavage
site for the ADAMSTS13 enzyme, thus breaking vWF into its
inactive form. Shear stress that is produced by ECMO leads to
unfolding and elongation of vWF, thereby exposing the A2
domain and becomes more susceptible to cleavage by
ADAMSTS13 causing depletion of vWF. This depletion of
vWF in patients on ECMO leads to acquired vWF syndrome,
with a resultant aggravation of bleeding tendency.

Hemostatic complications in ECMO

The most common complication of ECMO is bleeding, and its
incidence varies from 10 to 30%. Incidence for major throm-
bosis is about 8% [16], and this could be due to differences in
the anticoagulation practices in different institutions. Bleeding
can occur at the surgical site, cannula insertion site, intratho-
racic, intra-abdominal, retroperitoneal, pulmonary, or intracra-
nial (3.6% intra-cerebral hemorrhage in veno-venous ECMO
patients [17] and 1.5% in veno-arterial ECMO patients [18]).
Thrombotic complications include clots in the circuit [19],
oxygenator [20], ischemic stroke, limb ischemia, right ventric-
ular thrombus [21], left ventricular thrombus [22], and pulmo-
nary embolism [23]. Oxygenator thrombosis should be

suspected when there is a decrease in the post-oxygenator
partial pressure of oxygen (PaO2), an increasing transmem-
brane pressure gradient, or a need to steadily increase the
sweep gas flow rate to manage. Careful evaluation of
anticoagulation parameters should be undertaken and it should
be optimized, but if this does not help, then the oxygenator
will need replacement.

Goal of anticoagulation in ECMO

Interaction of blood and the biomaterial surface of the ECMO
circuits leads to a hypercoagulable state, thereby making the
patient and the ECMO circuit prone to thrombosis. Hence,
anticoagulation is required to prevent thrombosis of the can-
nula, oxygenator, and the circuit tubing while balancing the
bleeding risks in the patients [24].

Most commonly, unfractionated heparin (UFH) or direct
thrombin inhibitors (DTIs)—bivalirudin and argatroban—
are used. UFH is the most preferred anticoagulant used at most
centers, because of its rapid onset and easy reversal with
protamine.

Anticoagulation with UFH

UFH exerts its anticoagulation effects indirectly by binding to
its cofactor antithrombin (AT) and not to coagulation factors
directly. Binding of UFH to AT induces a conformational
change in AT, which potentiates the anticoagulant activity of
AT. Then, this activated AT inactivates anticoagulants like
thrombin (but not fibrin-bound thrombin), factor IXa, X,
XIa, and XIIa [25]. Of these, thrombin is most sensitive to
inhibition by AT. By inactivating thrombin, it blocks the con-
version of fibrinogen to fibrin, and thereby prevents the for-
mation of clots and prolongs the clotting time of blood. UFH
onset of action is immediate when administered by the intra-
venous route. UFH is metabolized by the reticuloendothelial
system and by the kidneys [26].

The Extracorporeal Life Support Organization (ELSO) rec-
ommends an initial UFH bolus of 50–100 units per kilogram
body weight at the time of cannulation for ECMO, and then
UFH is continued as a continuous infusion. However, the
bolus dose can be adjusted based on other pertinent clinical
situations, like pre-existing bleeding disorders or recent sur-
gery. Also, ELSO recommends UFH infusion dose between
7.5 and 20 units/kg/h. The infusion rate of UFH is adjusted
based on results of laboratory testing like activated partial
thromboplastin time (aPTT), anti-factor Xa (anti-Xa) activity
levels, activated clotting time (ACT), or viscoelastic tests. As
noted above, ELSO recommends a wide range of UHF infu-
sion rates and does not recommend a particular laboratory test
for UFH monitoring, but instead encourages each ECMO
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center to develop their protocol that best suits their patient
population.

Monitoring tests for UFH

1. ACT: ACT measurement uses whole blood (rather than
plasma) and hence provides a global functional test of
hemostasis, incorporating the effects of RBC and plate-
lets. Note should be made that the ACT testing is not a
specific test for assessing heparin activity [27].
Hypothermia, anemia, hypofibrinogenemia, thrombocy-
topenia, GP IIb/IIIa antagonists, and hemodilution can
alter its results. The ACT is the most commonly utilized
test to monitor UFH in ECMO, as ACT testing is most
commonly available at point-of-care test at most institu-
tions, which allows for a shorter time between sampling
and results [27].

2. aPTT: It is a plasma-based test that assesses the intrinsic
and common pathways of coagulation. The normal range
for the aPTT varies by laboratory and reagent/instrument
combination, and local institutional ranges should be
established [28]. In most laboratories, the normal range
is approximately 25 to 35 s. The aPTT is most often tested
in the laboratory and is measured in plasma, and hence the
results are not influenced by the platelet count or hemat-
ocrit. This might be the reason that aPTT, when compared
to ACT assays, correlates better to heparin concentrations
during ECMO support [29]. aPTT is a sensitive test for
laboratory monitoring for UFH when plasma UFH con-
centration is between 0.1 and 1 U/ml, but it may not be
helpful when the plasma UFH concentration is >1 U/ml.
This is because a higher concentration of UFH prolongs
the aPTT beyond the linear monitoring range, but instead
ACT could be used for laboratory monitoring when UFH
concentration is in the range of 1–5 U/ml.

3. Anti-Xa: This is a functional assay of UFH ability to cata-
lyze AT inhibition of Xa. Since this is a chromogenic assay,
the results can be affected by hyperlipidemia,
hyperbilirubinemia, and high plasma-free hemoglobin
[30]. The American College of Chest Physicians and the
College of American Pathologists have agreed that heparin
levels based on protamine sulfate titration of 0.2 to 0.4 IU/
ml are equivalent to chromogenic heparin anti-factor Xa
activity levels of 0.3 to 0.7 IU/ml. Anti-Xa level is a mea-
sure of “heparin effect” and does not include other coagu-
lation parameters, whichmight be clinically significant [31].

4. Viscoelastic tests: Thromboelastography (TEG) and
thromboelastometry are performed on whole blood and
quantitatively measure the ability of whole blood to form
a clot [32]. The test detects and quantifies dynamic chang-
es of the viscoelastic properties of a blood sample during
clotting under low shear stress. This provides a

comprehensive assessment of blood coagulability, includ-
ing coagulation cascade, platelet function, and fibrinoly-
sis. One of the advantages of viscoelastic tests is that it
can analyze fibrinogen function and can indicate the need
for cryoprecipitate or fibrinogen concentrate.

Limitations of UFH

Use of UFH has its limitations; UFH cannot neutralize fibrin-
bound thrombin, and monitoring for heparin-induced throm-
bocytopenia (HIT) is needed. UFH also binds non-specifically
to a variety of other plasma proteins (platelet factor 4, fibrin-
ogen, FVIII, histidine-rich glycoprotein [33], vitronectin, fi-
bronectin, and lipoproteins). These non-specific interactions
can limit the amount of UFH available to bind to AT [34]
thereby creating an unpredictable anticoagulant response
which requires frequent dose adjustments and anticoagulant
monitoring [35].

Acquired AT deficiency

Acquired AT deficiency can occur during ECMO and can
result in an ineffective anticoagulation with UFH, also known
as heparin resistance. AT is an endogenous anticoagulant
(protease inhibitor of thrombin and factor Xa) [36] and is
produced in the liver. In patients who are on ECMO, and
therefore have prolonged exposure to UFH, AT is consumed
at a higher rate than what can be produced by the liver. AT
levels are measured by functional assay (which measures AT
ability to inhibit thrombin in the presence of UFH) and are
expressed as a percentage, and normal values range from 80 to
120% [37]. The functional assay can measure both qualitative
and quantitative defects in AT. It is assumed that a low level of
AT decreases the anticoagulant effects of UFH. Currently,
there are no guidelines established on target, timing, and rate
of AT supplementation in ECMO, and hence, there exists a
heterogeneity among different ECMO centers about AT sup-
plementation. Generally, AT levels are corrected to keep them
within the normal range (80–120%) [38, 39]. AT could be
supplemented by transfusing fresh frozen plasma (FFP), puri-
fied human-derived AT concentrate, or recombinant form of
human AT (rHAT). One IU of AT corresponds to the activity
of AT in 1 ml of human plasma, and there is a 1.4% increase
above baseline activity level per IU/kg of AT given.
Therefore, about two units of FFP are required to achieve a
dose of 500 IU, whereas one vial of purified human-derived
AT concentrate (10 ml) contains about 500 IU AT [40, 41]
and rHAT contains approximately 1750 IU per 10 ml. Hence,
purified human-derived AT concentrate and rHAT provide
lesser volume but are also safer, when compared to FFP, in
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terms of infectious disease transmission. However, the addi-
tional cost of AT concentrate should also be considered.

HIT

Platelet factor 4 (PF4), when bound to exogenousUFH, triggers
the formation of antibodies (HIT antibodies) to the UFH-PF4
complex, as this complex is immunogenic.When immunoglob-
ulin G (specific to the UFH-PF4 complex) binds to the FC
receptor on the platelets while being attached to the UFH-PF4
complex, it leads to platelet activation which then releases pro-
thrombotic substances. Activated platelets also release more
prostaglandin 4, which is stored in the alpha granules within
the platelets, thus amplifying the process [42]. Thus, a pro-
thrombotic state is created and leads to both arterial and venous
thrombi with subsequent thrombocytopenia. In a meta-analysis
[43], 83% of patients were suspected of having HIT, but only
17%were confirmed to haveHIT. Diagnosis of HIT is based on
a high index of suspicion as there are other causes of thrombo-
cytopenia in a patient who is on ECMO—platelet consumption
in the oxygenator membrane, sepsis, drug-induced, including
HIT. A scoring system is devised, 4T, to access the pre-test
probability of HIT. The presence of HIT can be evaluated by
immunoassay (UFP-PF4 antibody by ELISA) and functional
assay (serotonin release assay, heparin-induced platelet activa-
tion). When HIT is suspected or confirmed, UFH is changed to
alternative anticoagulants.

Other coagulopathy issues that need to be addressed are
thrombocytopenia (shear force caused by ECMO pump),
platelet dysfunction (reduced glycoprotein (GP) Ibα and
GPVI levels), hyperfibrinolysis, and acquired von
Willebrand syndrome. Also, intravascular hemolysis is ob-
served, which results in elevated free hemoglobin, which in
turn causes dysregulation of NO.

Direct thrombin (factor IIa) inhibitors (DTIs)

As the name implies, DTIs are a group of anticoagulants that
bind directly to active sites on thrombin (free and bound to
fibrin unlike UFH which binds to only free thrombin) to exert
their anticoagulation effect. They also provide more consistent
and predictable anticoagulation as they do not bind to other
plasma proteins. Besides, they do not cause HIT. Their prima-
ry limitation is that they do not have a pharmacologic antidote.

Currently, three parenteral DTIs are available—
bivalirudin, argatroban, and desirudin. The role of desirudin
in ECMO is under investigation.

Bivalirudin is a synthetic analog of hirudin, which binds
reversibly to thrombin. It is mostly metabolized by proteolytic
cleavage and by the liver, and about 20% of bivalirudin is
cleared by the kidneys [44]. Therefore, renal dysfunction is

an important consideration when using bivalirudin for ECMO
as it can prolong its half-life. It is administered via intravenous
infusion, and its onset of action is within 2 to 4 min. In patients
with normal renal function, its half-life is about 25 min. There
are a few case reports and retrospective studies to support its
use in ECMO patients (both VV and VA). Also, currently,
there is no common consensus about the dosing for
bivalirudin for patients on ECMO. In published reports, few
authors reported that they started anticoagulation with an ini-
tial bolus [45, 46] (ranging from 0.04 to 2.5 mg/kg) followed
by a continuous infusion whereas few authors started the
anticoagulation without the initial bolus [47–50]. The mainte-
nance infusion dosing ranged from 0.025 to 2.5 mg/kg/h in
order to maintain the therapeutic targets. Patients who have
renal dysfunction, those who are on continuous renal replace-
ment therapy (CRRT), and those who are on bivalirudin need
to be carefully monitored, where the initial bolus dose or the
maintenance infusion rates might need to be reduced [46]. The
preferred way of monitoring in most reports is aPTT, which is
measured first after 2 h and then later at a 4-h interval.
Although there have been no prospective reports comparing
bivalirudin to UFH, from the few studies, bivalirudin appears
to be a safe alternative to UFH [48–50].

Bivalirudin is known to exhibit dose-dependent and pre-
dictable anticoagulation. However, in a few cases, resistance
to anticoagulation (similar to UFH) with bivalirudin has been
reported. There is often a delayed presentation. Initially, ade-
quate anticoagulation is achieved, and an unexplained, grad-
ual increase in bivalirudin dose is required to achieve thera-
peutic aPTT levels. When therapeutic aPTT is achieved, a
note is made of a significant increase in international normal-
ized ratio (INR) [51, 52]. This indicates a “resistance
phenomenon.” Though the etiology of this resistance remains
unclear, this may be associated with elevated factor VIII and
fibrinogen. A similar resistance phenomenon has also been
reported with the use of argatroban [53].

Low flow states create a unique set of circumstances, where
blood can stagnate in the cardiac chambers, and bivalirudin is
metabolized rapidly due to rapid local cleavage by the proteo-
lytic enzymes, and this predisposes to spontaneous thrombosis
[54]. Low flow states can, at times, occur during weaning
trials, where circuit flows are decreased [55].

Argatroban is a synthetic analog that binds irreversibly to
thrombin to exert its anticoagulant effect. It is metabolized in
the liver, and hence its half-life is extended in patients with
liver dysfunction [56]. It is also administered intravenously,
with the onset of action of 30min and its half-life is 45 min (in
patients with normal liver function). Dose adjustment is not
required for patients who have renal dysfunction or require
CRRT. Mostly, argatroban has been reported to be used in
patients who have developed or suspected to have HIT [57,
58]. In the published literature, most commonly, a lower dose
of argatroban infusion is used ranging from 0.1 to 0.3 μg/kg/
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min as bleeding has been noted with the use of higher infusion
rate at 2 μg/kg/min [59]. Similar to other DTIs, argatroban is
also monitored by using aPTT.

Anticoagulation practice

Currently, there are no standardized protocols for
anticoagulation for patients requiring ECMO, and there is het-
erogeneity in anticoagulation practice and monitoring. Based
on a recent cross-sectional survey of ECMO centers, UFH is
the most preferred anticoagulation, which is titrated based on
ACT, aPTT, or anti-Xa test results [60]. There are no
established protocols that are universally accepted for moni-
toring of anticoagulation in ECMO patients. In an absence of
well-established protocols and heterogeneity, in practice,
ELSO recommends that each ECMO center should formulate
an algorithm that works best for them (considering the exper-
tise, costs, clinical outcomes, and availability of anticoagu-
lants and related products).

Anticoagulation in ECMO remains a challenge despite nu-
merous advances in anticoagulation and biomaterial surface to
improve hemocompatibility. Each institution should have a
multi-disciplinary team that helps address this complex hemo-
stasis to optimize patient care.
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Editorial Comments:

Anti-coagulation on ECMO is a challenging subject as no ideal anti-co-
agulant without side-effects is available. However, for the practical man-
agement of patients on ECMO, ELSO has recommended to keep Heparin
infusion usually between 20 to 40 international units/kg/hour as continu-
ous infusion keeping ACT ( Activated Clotting Time) between 180-200
seconds. Most units give Heparin 75 units/kg as stat dose at the time of
cannulation and follow it up with continuous infusion once the ACT
levels start falling to 300 seconds. ACT was chosen as it is available as
a point of care test that can be done bedside. It has been our practice to aim
for ACTs 160-180 while on veno venous ECMO and 180- 200 while on
VA ECMO. In exceptional situations, the infusion rate of Heparin can
fluctuate. Examples include states of Disseminated intra-vascular coagu-
lation, pre-surgery and post-surgery, possible deficiency of Anti thrombin
3, Heparin induced thrombocytopenia etc. Additional investigations like
Factor Xa levels, thrombo-elastogramwill be needed if the requirement of
Heparin is disproportionate to the measured levels of ACT. As the half life
of Heparin tends to last for 6 hours, Heparin infusion should be stopped
for atleast 6 hours or longer prior to an intended surgical procedure.

Heparin infusion can be restarted once there is cessation of active bleeding
in post surgical state. As long as the ECMO flows remain high, the risk of
clotting can be kept low, even without heparinization for few hours to
days. Elevated pre-oxygenator pressures and increasing delta pressure
are some of the indications for clot accumulation in the membrane oxy-
genator. The life of the oxygenator will be decided by keeping all the
available evidence, including the fall in post-oxygenator blood gas oxy-
genation. Usually, Heparin reversal medications are not used while on
ECMO. Fresh frozen plasma and Cryo precipitate, platelet transfusions
can be used as per the need to stop bleeding. In exceptional circumstances
of torrential non-surgical bleeding, Novo seven has been used with the
understanding it can result in widespread clotting. The above recommen-
dations are made as best practice guidelines with the understanding that
clots/bleeds can't be eliminated completely.
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