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Extracorporeal membrane oxygenation (ECMO) is a critical intervention for patients with severe re-
spiratory or cardiac failure, requiring careful management of anticoagulation to prevent thromboem-
bolic complications. This review examines current practices and challenges in ECMO anticoagulation,
focusing on strategies, agents, and emerging insights. Unfractionated heparin (UFH) remains the most
commonly used anticoagulant, monitored via activated partial thromboplastin time (aPTT) or activated
clotting time (ACT). Increasing attention is given to alternative tools like anti-Xa and viscoelastic
assays (VEA), which offer potentially more reliable results. Supplementation with antithrombin should
be considered if levels fall below 50%—-70% to optimize heparin efficacy. Low molecular weight
heparin (LMWH) is occasionally used due to its predictable pharmacokinetics, though challenges in
dosing and reversal limit its application. Direct thrombin inhibitors, such as bivalirudin, are valuable
alternatives, particularly for patients with heparin-induced thrombocytopenia (HIT), though their cost
and availability remain barriers. Anticoagulation in ECMO patients is complex, balancing the risks of
thrombosis and bleeding. Factors such as patient age, underlying conditions, and ECMO-induced
coagulopathies complicate management. Personalized anticoagulation protocols and point-of-care
VEA are emerging as effective tools for improving therapy. Routine no-anticoagulation strategies are
not recommended unless there are significant bleeding complications. Ongoing research into novel
anticoagulants and the long-term impact of anticoagulation on ECMO outcomes is critical.
Anticoagulation management in ECMO continues to evolve, focusing on individualized approaches,
improved monitoring, and better outcomes. Standardized protocols and further research are essential
for optimizing care in this high-risk population.
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Background

Extracorporeal membrane oxygenation is a life-saving in-
tervention for critically ill patients with severe respiratory
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namics by circulating blood through an external circuit. A
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thromboembolic complications, which require precise an-
ticoagulation. UFH remains the most commonly used an-
ticoagulant due to its rapid onset, ease of reversibility, and
established monitoring protocols.'” Additionally, LMWH
is employed for its stable pharmacokinetics, though its use
is limited by challenges in dose adjustment and reversal,
particularly in high-bleeding risk scenarios.” However, al-
ternatives, such as direct thrombin inhibitors (DTI),"”" are
increasingly used in cases of heparin-induced thrombocy-
topenia,” offering more predictable effects with less
variability.

Effective anticoagulation management requires rigorous
biological monitoring to balance the risks of thrombosis and
bleeding. Traditional tests like aPTT and ACT are widely
used to monitor the anticoagulant effect of UFH. Still, both
tests have limitations regarding variability and reliability in
ECMO patients." > Increasingly, anti-Xa levels are used
to directly measure heparin activity, offering more precision
in dosing adjustments. Moreover, VEA, such as rotational
thromboelastometry (ROTEM) and thromboelastography
(TEG), provide a more comprehensive assessment of clot
formation and stability, allowing for real-time adjustments
in anticoagulation and blood product management.” '’

This review will explore the most commonly used an-
ticoagulants in ECMO therapy and highlight the evolving
approaches to monitoring anticoagulation efficacy and
safety, aiming to provide a detailed understanding of cur-
rent practices and future directions in ECMO antic-
oagulation management.

Methodology

This review article aims to comprehensively analyze an-
ticoagulation management during adult ECMO support and
is structured into three chapters. Each chapter utilizes a
systematic and methodical approach to ensure an in-depth
exploration of current practices, evidence, and personal
insights into ECMO anticoagulation.

Part 1: Analysis of guidelines and consensus
statements

The first chapter is dedicated to reviewing and comparing
major international societies’ guidelines and consensus
statements published between 2018 and 2024, focusing on
ECMO anticoagulation. This includes the Society of
Cardiovascular Anesthesiologists (SCA, 2021) Consensus
Statement,'' the International Society on Thrombosis and
Hemostasis (ISTH, 2023) Guidelines,” the Extracorporeal
Life Support Organization (ELSO, 2021) Guidelines,' the
American Association for Thoracic Surgery (AATS, 2022)
Expert Consensus,’ the European Association for Cardio-
Thoracic Surgery (EACTS)/ELSO/ The Society of Thoracic
Surgeons (STS)/AATS (2020) Consensus,” the Interna-
tional Society for Heart and Lung Transplantation (ISHLT,
2024) Consensus statement’ * and The ISHLT/Heart Failure

Society of America Guideline on Acute Mechanical Cir-
culatory Support.'’

This chapter aims to critically assess the differences and
commonalities between these guidelines regarding antic-
oagulation strategies, dosing, monitoring parameters, and
clinical decision-making frameworks.

Part 2: Review of peer-reviewed studies and
literature

The second chapter analyzed peer-reviewed clinical studies
addressing anticoagulation in ECMO-supported patients. A
systematic search of databases such as PubMed, Scopus,
and Cochrane Library was conducted using the keywords

"non non

"retrospective studies", "prospective studies", "randomized
controlled trials", “ECMO”, ‘“anticoagulation”, ‘“un-
fractionated heparin ”, “direct thrombin inhibitors ”, “low
molecular weight heparin 7, “viscoelastic assays”, and
“thrombosis prevention”. Only studies published as full text
in English in peer-reviewed journals between 2018 and
2024 and focused on adult patients undergoing ECMO for
cardiopulmonary support were included.

The selected studies were evaluated based on their
methodological rigor, sample size, clinical outcomes, and
the relevance of anticoagulation strategies, including dosing
regimens and monitoring tools (e.g., ACT, aPTT, anti-Xa,
and VEA). A comparative analysis of study findings will be
provided, highlighting best practices, efficacy, and safety of
various anticoagulation protocols in ECMO.

Part 3: Advances in anticoagulation monitoring and
therapy in ECMO

The final chapter presents a personal perspective on the
practical challenges and clinical decision-making processes
in managing anticoagulation during ECMO support.
Drawing from extensive clinical experience in critical care
and thoracic anesthesia, this chapter will discuss real-world
applications of anticoagulation strategies, including mana-
ging complex cases, balancing bleeding and thrombosis
risks, and the role of personalized medicine. Insights into
the limitations of current guidelines and how they apply to
various patient populations (e.g., those with heparin re-
sistance, HIT, or coagulopathy) will also be explored.

This methodology ensures a balanced and thorough re-
view, combining guideline analysis, literature review, and
practical experience to offer a holistic perspective on
ECMO anticoagulation management.

Analysis of guidelines and consensus
statements

The practice of ECMO anticoagulation varies significantly
across institutions. After analyzing the guidelines and
consensus statements provided by major international so-
cieties, we found that there still needs to be a clear
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consensus highlighting one anticoagulant as superior to
others or identifying a single laboratory method as the
most accurate. Although several guidelines and consensus
statements from international societies summarizing
knowledge on ECMO support are available, only one so-
ciety, ISTH, provides recommended dosing for individual
anticoagulants such as UFH, Argatroban, and
Bivalirudin.” Other societies only present recommended
monitoring methods and, in some cases, their reference
ranges, such as aPTT, ACT, anti-Xa, aPTT ratio, and
viscoelastic methods.”"*'* The parameters, reference
ranges, and anticoagulant doses are summarized in Tables
1 and 2. The 2020 EACTS/ELSO/STS/AATS expert
consensus on post-cardiotomy extracorporeal life support
in adult patients recommends that a TEG-driven algorithm
should be considered for anticoagulation management
(Class Ila, Level C recommendation), while the general
principle of such an algorithm has been recommended, no
precise algorithm have been specified.” However, no in-
ternational society has provided detailed guidance on the
use of viscoelastic methods for monitoring and managing
anticoagulation during ECMO. UFH anticoagulation
during ECMO is typically monitored by targeting anti-Xa
levels of 0.3-0.7 U/mL, an aPTT of 50-90 s or an ACT of
180-220 s. Studies have shown that using a lower-dose
heparin regimen, targeting an ACT of 140-160 s, is as-
sociated with fewer major bleeding incidents compared to
the therapeutic-dose heparin regimen, with no corre-
sponding increase in thrombotic events. Anti-Xa mon-
itoring has been found to correlate better with UFH dosing
than aPTT, ACT, or aPTT ratio. Complications such as
intracranial hemorrhage or gastrointestinal bleeding do not
differ significantly between low and high UFH doses, and
anti-Xa-based strategies have shown fewer bleeding
events and lower mortality without an increase in throm-
botic events.'*'” Physicians must consider factors such as
hemolysis, hyperbilirubinemia, and hyperlipidemia that
may interfere with coagulation assays. In cases of heparin
resistance or HIT, switching to DTIs like Argatroban or
Bivalirudin is recommended, as these drugs act in-
dependently of antithrombin. Argatroban dosing should
follow institutional protocols, starting at 0.2 pg/kg/min for
patients with normal organ function and reduced doses for
those with liver dysfunction, with aPTT-based monitoring
recommended. DTIs can also be monitored using Ecarin
Clotting Time (ECT), which is particularly useful for Bi-
valirudin and Argatroban. Routine no-anticoagulation
strategies are not recommended in ECMO unless there are
significant bleeding complications. Finally, ACT is influ-
enced by clinical factors such as thrombocytopenia, pla-
telet dysfunction, and elevated D-dimers and may not
solely represent the effect of UFH. Anti-Xa assays may
yield falsely low results in plasma-free hemoglobin levels
above 50 mg/dL, triglycerides over 500 mg/dL, or bilir-
ubin levels exceeding 6 mg/dL."”*'* According to a re-
cently published ISHLT consensus statement, it is
reasonable to consider a low-dose heparin protocol for VA
ECMO during lung transplantation if adequate blood flow
can be maintained.'”

Suggested Laboratory Levels During Anticoagulation with UFH for ECMO Anticoagulation®*°/**~*

Table 1

SCA

ISHLT

EACTS/ELSO/STS/AATS AATS

ELSO

ISTH

Parameter

ACT

180-220 s
60-80 s
0.3-0.7

180-220 s

50-70 s
0.3-0.7 IU/mL

180-220 s

N/A

160-220 s
50-80 s

180-220 s
60-90 s

180-220 s
50-70 s

APTT

0.3-0.7

N/A

0.3-0.7 IU/mL

0.3-0.5 IU/mL

anti-Xa activity

IU/mL

1U/mL

1.5-2.5
Concurrent TEG and aPTT may

2-2.5
N/A

APTTr
VEA

N/A
N/A

N/A

A TEG-driven anticoagulation

Monitor clot

cause excess anticoagulation
Monitoring recommended, loading

dose 45 IU/kg

Abbreviations: aPTT: Activated Partial Thromboplastin Time; Anti-Xa Activity: Anti-Factor Xa Activity; aPTTr x times above the normal level of the institutional standard for therapeutic range aPTT; ATIII:
antithrombin III; VEA: Viscoelastic Assays; ISTH: International Society on Thrombosis and Hemostasis; ELSO: Extracorporeal Life Support Organization; EACTS: European Association for Cardio-Thoracic Surgery; AATS:

algorithm should be considered
American Association for Thoracic Surgery; ISHLT: International Society for Heart and Lung Transplantation; SCA: Society of Cardiovascular Anesthesiologist; N/A: not available; HR: heparin resistance

Monitor to detect HR

stability
More evidence

N/A

Monitor in patients

AT III monitoring and

needed

with thrombosis

supplementation
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Table 2  Anticoagulant Dosing based on ISTH?
Anticoagulant Dose Maintain
UFH Bolus 50 - 100IU/kg Continual infusion to achieve anticoagulation targets
Bivalirudin 0.02 - 0.05 pg/kg/min Continual infusion to achieve anticoagulation targets
Argatroban 0.2 - 0.5 pg/kg/min Continual infusion to achieve anticoagulation targets

Abbreviations: UFH: Unfractionated Heparin; IU: International Unit; mcg: microgram; kg: kilogramme; min: minute

Review of peer-reviewed studies and literature
Anticoagulation monitoring

Overview of aPTT Monitoring for UFH and DTIs
in ECMO

aPTT monitoring for UFH

aPTT is commonly used to monitor anticoagulation with
UFH during ECMO. Typical target ranges between 40 and
80 s, depending on institutional protocols. The mean and
median values are typically around 60 s. The most fre-
quently cited target is 60 s in clinical practice. Advantages
include being readily available in most settings. It provides
a broad assessment of the intrinsic coagulation pathway,
which helps identify coagulation abnormalities and monitor
anticoagulation. Limitations include the fact that aPTT re-
sults can be affected by factors such as fibrinogen levels,
factor deficiencies, or lupus anticoagulants. Variability in
reagents and instruments may lead to inconsistent results
across different laboratories.”'® "

aPTT monitoring for DTIs

When using direct thrombin inhibitors such as argatroban
and bivalirudin during ECMO, aPTT remains a crucial tool
for anticoagulation monitoring, but the approach differs
slightly due to the pharmacological properties of these
agents.

Argatroban

Most studies recommend maintaining aPTT between
50-70 s, corresponding to 1.5-2.5 times the baseline aPTT.
Variability depends on institutional thresholds and the risk
of bleeding. Argatroban is hepatically metabolized, making
it a preferred option in patients with renal dysfunction. Its
effects on aPTT are dose-dependent and reversible upon
cessation of the infusion. Prolongation of aPTT may present
challenges, as it canbe disproportionately affected in pa-
tients with underlying coagulopathy or liver dysfunction.

Table 3  Summary of aPTT Ranges for Practical Use

16,19-24,26,28,37

Bivalirudin

Commonly cited targets are 50-75 s, or approximately 1.5-2.5
times the baseline aPTT. Some protocols prefer using anti-Ila
activity for more precise monitoring when available.
Bivalirudin is renally cleared and has a short half-life, pro-
viding predictable and adjustable anticoagulation. It demon-
strates reduced interaction with other blood proteins compared
to argatroban, which may provide more stable aPTT values.
Renal dysfunction can prolong its half-life, which requires
dose adjustments and closer monitoring.'”***’

Conclusion

aPTT remains a vital monitoring tool for both UFH and
DTIs in ECMO patients. While target ranges vary slightly
between UFH, argatroban, and bivalirudin, understanding
their pharmacokinetic properties and the influence of pa-
tient-specific factors is crucial for optimizing antic-
oagulation management. The summary of aPTT ranges for
practical use is presented in Table 3,'*'972420-27

Role of anti-Xa in anticoagulation monitoring during
ECMO

The most commonly reported anti-Xa values for UFH range
between 0.2-0.35 IU/mL, aligning with typical clinical
practice  for  anticoagulation management during
ECMO.”"**" Maintaining anti-Xa levels within this range
provides adequate anticoagulation while minimizing the
risk of bleeding or thrombotic complications. The suggested
anti-Xa target for enoxaparin is 0.4-0.6 IU/mL, indicating a
higher threshold than UFH.” This range reflects the phar-
macodynamics of enoxaparin and its suitability for veno-
venous ECMO settings.

ACT monitoring of UFH anticoagulation: Applications
and limitations

Activated clotting time remains a choice in anticoagulation
management during ECMO on UFH due to its simplicity

Anticoagulant Target aPTT (Seconds)

Comments

UFH 40-80
Argatroban 50-70
Bivalirudin 50-75

Median ~60; most common target in ECMO.
Adjusted for liver function; monitoring variability possible.
Preferred for stable dosing; adjust for renal function.

Abbreviations:UFH: Unfractionated heparin; ECMO: Extracorporeal Membrane oxygenation
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and accessibility. The most commonly used ACT ranges
from 140 to 210 s, with an average of 175.5 s and a median
of 180 s. The latter is the most frequently reported target in
clinical practice. Despite its widespread use, ACT has no-
table limitations that necessitate careful interpretation in
critically ill patients.”'”****

Limitations of ACT monitoring

ACT lacks standardization across devices, is influenced by
hematocrit levels, hemodilution, and coagulopathy, and
does not directly correlate with heparin activity.”' > ECMO
circuit interactions, point-of-care inconsistencies, and en-
vironmental factors compound its variability. Additionally,
ACT provides limited sensitivity at extreme heparin doses
and fails to measure anti-Xa activity, making it a sole
monitoring method less reliable. These limitations can lead
to suboptimal anticoagulation management, with increased
risks of bleeding or thrombotic complications.

Conclusion

While ACT monitoring is widely implemented, its limita-
tions highlight the importance of combining it with com-
plementary tests, such as anti-Xa activity or aPTT, to
achieve accurate and safe anticoagulation management
during ECMO.

UFH anticoagulation during ECMO using VEA

Many ECMO centers use VEA for anticoagulation mon-
itoring, though approaches vary among institutions.”**
Limited data from published studies, primarily small
prospective or retrospective observational research, in-
dicate that results from different VEA instruments are not
interchangeable.25 35,36 Moreover, there are significant
differences in the coagulation profiles of patients on V-A
and V-V ECMO, highlighting the need for VEA-based
anticoagulation strategies to be tailored to both the spe-
cific VEA device and the ECMO modality.”’ To date,
only two studies, including one randomized clinical trial
(RCT), have evaluated the feasibility of VEA-based an-
ticoagulation protocols in ECMO patients. In the RCT,
TEG 5000 was used to guide anticoagulation during V-V
ECMO, targeting an R parameter of 16-24 min for in-
dividualized adjustments. The study found that TEG-
guided management reduced bleeding complications
compared to the aPTT-guided group, suggesting im-
proved hemostatic balance without increased thrombotic
risks.'® The second study, conducted by Colman et al.,
examined a combination of aPTT and TEG 5000-based
protocols in V-A ECMO patients. Their protocol defined
therapeutic anticoagulation as an aPTT of 60-80 s and a
TEG-R time of 2—4 times the baseline. The results showed
significantly lower mortality (33.3% vs. 56.9%, p = 0.01)
and reduced retroperitoneal bleeding compared to aPTT
alone.”™ These findings suggest that TEG-based antic-
oagulation is safe and feasible in ECMO patients. How-
ever, further research is needed to validate these results
and refine protocols.

Monitoring and supplementation of AT III during
ECMO

Antithrombin III (AT III) plays a critical role in enhancing
the efficacy of UFH during ECMO by serving as a natural
coagulation inhibitor. UFH binds to AT III, significantly
accelerating its ability to inactivate thrombin (factor Ila)
and factor Xa, key enzymes in the coagulation cascade.
This interaction amplifies the anticoagulant effect of UFH,
helping to prevent thrombus formation within the ECMO
circuit. Adequate AT III levels are, therefore, essential for
optimal UFH activity. Studies have evaluated optimal AT
III levels and thresholds requiring supplementation to re-
duce bleeding and thrombotic risks. Most studies defined
normal AT I levels as 80-120% or 80-100%.
Supplementation was recommended if AT III levels fell
below 40%, 50%, or 70%, depending on the
study.'”'#?*2*Y Maintaining AT III levels above 70%
significantly reduced bleeding complications. Patients with
low AT III levels often exhibited heparin resistance and
required higher doses of UFH. Studies reported decreased
bleeding complications with appropriate supplementation.
Maintaining AT III levels within the 80-120% range is
recommended for effective anticoagulation management
during ECMO. Supplementation should be considered if
levels fall below 50-70% to optimize heparin efficacy and
minimize risks.'****7"

Summary of anticoagulant agents for ECMO

For UFH bolus, the dose ranges from 50—100 IU/kg during
ECMO cannulation; alternative protocols include fixed doses
of 2500-5000 IU or 3000-5000 IU. Continuous Infusion
Rates: 10.4-21.3 IU/kg/h, depending on monitoring para-
meters. Lower fixed-dose regimens include 12—15 IU/kg/h or
8000-12,000 TU/day based on patient weight,™'® 2-># 253039
For enoxaparin, a bolus dose of intravenous 0.5 mg/kg was
administered before ECMO cannulation, followed by con-
tinuous administration, with anti-Xa target levels of 0.4-0.6
IU/mL.” One study recommends a dosage of argatroban of
5-10 pg/kg/hour, with a target aPTT range of 45-60 s* This
dosing regimen aligns with standard clinical practice, where
the initial infusion rate is typically set at 0.5-1.0 pg/kg/min
and titrated to achieve an aPTT target of 1.5-2.0 times the
baseline value.” Bivalirudin bolus doses were not explicitly
reported in the analyzed studies. At the same time, continuous
infusion rates typically start at 0.025-0.15 mg/kg/h,'”**’
with adjustments to 0.04-0.15 mg/kg/h for patients under-
going CRRT.” Prostaglandin E1 (PGE1) is administered as
a bolus dose of 50 IU/kg immediately after ECMO cannu-
lation, followed by a continuous infusion of 5 ng/kg/min.”’

Practical implications for anticoagulation
management

UFH is the most commonly used anticoagulant, with flex-
ible dosing strategies tailored to aPTT, anti-Xa, and ACT
monitoring. It is also recommended for both VA and VV
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ECMO. Enoxaparin is a viable alternative to UFH, parti-
cularly in VV ECMO, with higher anti-Xa targets providing
stable anticoagulation. DTi are especially suitable for pa-
tients with HIT or where precise anticoagulation is neces-
sary. Lower initial doses can minimize bleeding risks while
maintaining efficacy. PGE1 is used adjunctively for its
vasodilatory and antithrombotic properties, particularly in
challenging ECMO cases. This comprehensive dosing
overview highlights the need for individualized antic-
oagulation strategies to balance bleeding and thrombotic
risks during ECMO. Further research is warranted to refine
dosing protocols and validate their clinical efficacy across
diverse patient populations.

Advances in anticoagulation monitoring and
therapy in ECMO

The choice of anticoagulant therapy and monitoring
methods in ECMO support varies significantly across in-
stitutions. However, there is a clear trend toward devel-
oping sophisticated institutional guidelines to standardize
anticoagulation therapy and its monitoring. Another ob-
servable trend is using the lowest possible anticoagulation
doses to prevent thrombus formation while minimizing the
risk of bleeding. Interestingly, global society guidelines and
consensus statements recommend anticoagulant dosages
and monitoring methods with reference ranges that have
remained mostly unchanged for many years.' > /'*!?
However, scientific literature and ongoing studies indicate
that routine clinical practice evolves in a different, more
flexible direction. This is particularly evident in the trend
toward lowering reference ranges for APTT, anti-Xa, and
ACT, as well as the administration of significantly lower
anticoagulation doses than those recommended by interna-
tional societies. This shift can be reasonably explained by
the fact that current studies do not yet provide sufficiently
robust evidence to establish these practices as the standard
of care. Consequently, while clinical practice adapts to
emerging findings, formally incorporating these trends into
global guidelines will likely require further high-quality
evidence. A notable challenge in ECMO anticoagulation
lies in the persistent reliance on ACT as a principal method
for monitoring UFH therapy despite recommendations from
international societies. Clinical practice increasingly ac-
knowledges that ACT may not reliably reflect the antic-
oagulation effects of lower UFH doses commonly used in
ECMO therapy, particularly when complicated by coagu-
lopathy or organ failure. This has driven the search for
novel, bedside-appropriate methods to provide reliable and
actionable insights into anticoagulation status.

Viscoelastic methods in the management of
patients on ECMO

Over the past two decades, the TEG 5000 (Haemonetics
Corporation) and ROTEM delta (Werfen) have been the
primary VEA technologies, often referred to as "legacy

devices." These systems require manual blood pipetting. To
enhance precision, minimize human errors, and simplify
assay performance, companies have developed newer gen-
erations of cartridge-based automated VEAs: TEG 6 s
(Haemonetics), ROTEM sigma (Werfen), and Quantra
(HemoSonics). Each utilizes a distinct methodology—r-
esonance (TEG 6 s), traditional pin-and-cup (ROTEM
sigma), and ultrasound-based technology (Quantra). Due to
these methodological differences, the absolute values of
viscoelastic parameters are not directly interchangeable
across these devices. A detailed review of each assay, its
limitations, and its capability to detect the effects of heparin
have been previously published.’’*' Viscoelastic testing
methods, such as ROTEM and TEG, have emerged as
promising tools in coagulation monitoring and targeted
therapy.”” These methods, already established for bedside
diagnostics in coagulopathy management, offer significant
potential to replace ACT in ECMO anticoagulation mon-
itoring. For instance, the ROTEM Sigma system enables
simultaneous assessment of four key parameters—EXTEM,
FIBTEM, INTEM, and HEPTEM—using a single "all-in-
one" cartridge. EXTEM and FIBTEM tests provide a rapid
overview of secondary hemostasis, facilitating the identifi-
cation of deficiencies in clotting factors, fibrinogen, or
platelets. INTEM and HEPTEM tests are particularly re-
levant for UFH management. The clotting time (CT)
INTEM/HEPTEM ratio (I/Hr) has been proposed as a po-
tential marker for UFH efficacy, with values >1.25 in-
dicating sufficient anticoagulation and serving as a trigger
for protamine administration in cardiothoracic patients."”
This approach could be adapted to ECMO for effective
UFH dosing and anticoagulation control. The mechanism
behind this innovation is straightforward. UFH naturally
prolongs the CT INTEM parameter, while HEPTEM neu-
tralizes UFH’s effects via heparinase, normalizing the CT.
A similar effect, this time in terms of the difference be-
tween CT INTEM and HEPTEM, has been described with
prophylactic administration of LMWH, which showed a
strong correlation with the R parameter on TEG and, ulti-
mately, with anti-Xa values.”’ The correlation between I/Hr
and established tests such as APTT, anti-Xa, and ACT re-
quires further investigation. Still, early data suggest the
potential for a simple, effective bedside method to manage
ECMO anticoagulation.”” "’ In addition to evaluating he-
parin, VEA can detect specific issues that patients may
experience, such as excessive anticoagulation, underlying
factor deficiencies, fibrinolysis, or disseminated in-
travascular coagulation. This capability is significant for
guiding patient management, especially ECMO therapy
patients. Determining which next-generation VEA most
accurately reflects true hemostatic changes in ECMO pa-
tients remains a topic for future research.

Antiagregation effects of ECMO on coagulation
ECMO therapy induces rapid primary hemostasis pa-

thology, as evidenced by PFA-200 testing, which detects
shear stress-induced thrombocytopathy and impaired
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platelet aggregation described by Garaj et al.*®*’ This
phenomenon may justify the trend toward reduced systemic
anticoagulation doses, as the combination of primary he-
mostasis dysfunction and low-dose anticoagulation exerts a
synergistic effect that effectively prevents thrombus for-
mation in the ECMO circuit and vascular system. This dual-
effect anticoagulation combined with shear-stress-induced
anti-aggregation could be particularly advantageous in
specific scenarios, such as extracorporeal cardiopulmonary
resuscitation (ECPR) during acute coronary syndrome re-
quiring percutaneous coronary intervention (PCI) and stent
implantation. In such cases, prophylactic doses of UFH,
LMWH, or DTIs might suffice without the need for dual
antiplatelet therapy, as platelet aggregation is already im-
paired by ECMO-induced shear stress.

Future directions

Since early 2020, there has been a significant rise in pa-
tients with COVID-19-related acute respiratory distress
syndrome (ARDS) requiring V-V ECMO. This surge has
driven an exponential increase in ECMO centers and
procedures worldwide. Over the past five years, 116,504
patients globally, including 83,301 in North America,
have been treated with ECMO, but only 53% survived to
discharge or transfer.”’ Despite technological advanc-
ments, such as coated circuits, bleeding and thrombosis
remain critical complications of ECMO.”'”? Managing
the delicate balance between thrombosis and bleeding
through anticoagulation, flow rates, and fluid levels poses
a significant challenge in ECMO patient care. The de-
velopment and validation of advanced hemostasis mon-
itoring techniques, such as VEA, hold great potential for
improving anticoagulation management in ECMO
therapy. These methods enable more precise antic-
oagulant dosing and provide a comprehensive under-
standing of coagulation dynamics, paving the way for
safer and more individualized ECMO protocols. Fur-
thermore, integrating machine learning into ECMO
management offers substantial promise for enhancing
patient outcomes. Machine learning can support more
personalized and accurate care strategies™ " by better
predicting the risks of hemorrhage and thrombosis. As
evidence continues to grow, adopting these innovative
approaches will likely to redefine the standard of care in
ECMO therapy, contributing to improved patient out-
comes and overall treatment efficacy.

This review was written without receiving funding from
any public, commercial, or non-profit organizations.

CRediT authorship contribution statement

Jaromir Vajter: Conceptualization, Methodology, Review
of articles, Writing - original draft. Oksana Volod:
Validation, Review of articles, Writing - review and
editing.

Declaration of Competing Interest

The authors, Jaromir Vajter and Oksana Volod, declare that
they have no known competing financial interests or per-
sonal relationships that could have appeared to influence the
work reported in this manuscript.

References

1. McMichael ABV, Ryerson LM, Ratano D, Fan E, Faraoni D, Annich
GM. 2021 ELSO Adult and Pediatric Anticoagulation Guidelines.
ASAIO J Am Soc Artif Intern Organs 1992 2022;68(3):303-10. https://
doi.org/10.1097/MAT.0000000000001652.

2. Helms J, Frere C, Thiele T, et al. Anticoagulation in adult patients
supported with extracorporeal membrane oxygenation: guidance from
the Scientific and Standardization Committees on Perioperative and
Critical Care Haemostasis and Thrombosis of the International Society
on Thrombosis and Haemostasis. J Thromb Haemost 2023;21(2):
373-96. https://doi.org/10.1016/j.jtha.2022.11.014.

3. Durila M, Vajter J, Garaj M, et al. Intravenous enoxaparin guided by
anti-Xa in venovenous extracorporeal membrane oxygenation: a ret-
rospective, single-center study. Published online October 3 Artif
Organs2024. https://doi.org/10.1111/aor.14879. Published online
October 3.

4 F. BurSa J. Mdca J. Sagan et al. A safety comparison of heparin and
argatroban anticoa gulation in veno-venous extracorporeal membrane
oxygenation with a focus on bleeding Transfus Med 2024 doi: 10.1111/
tme.13102.

5. Desai SR, Hwang NC. 2023 ISHLT Guidelines for Mechanical
Circulatory Support. J Cardiothorac Vasc Anesth 2023;37(12):
2419-22. https://doi.org/10.1053/j.jvca.2023.07.044.

6. Lorusso R, Whitman G, Milojevic M, et al. 2020 EACTS/ELSO/STS/
AATS expert consensus on post-cardiotomy extracorporeal life sup-
port in adult patients. Eur J Cardio-Thorac Surg Off J Eur Assoc
Cardio-Thorac Surg 2021;59(1):12-53. https://doi.org/10.1093/ejcts/
ezaa283.

7. Hartwig M, Van Berkel V, Bharat A, et al. The American Association
for Thoracic Surgery (AATS) 2022 Expert Consensus Document: the
use of mechanical circulatory support in lung transplantation. J Thorac
Cardiovasc Surg 2023;165(1):301-26. https://doi.org/10.1016/j.jtcvs.
2022.06.024.

8. Vajter J, Holubova G, Novysedlak R, et al. Anaesthesiologic con-
siderations for Intraoperative ECMO anticoagulation during lung
transplantation: a single-centre, retrospective, observational study.
Transpl Int 2024;37:12752. https://doi.org/10.3389/t1.2024.12752.

9. Durila M, Vajter J, Garaj M, et al. Rotational thromboelastometry
reduces blood loss and blood product usage after lung transplantation.
J Heart Lung Transplant Off Publ Int Soc Heart Transplant
2021;40(7):631-41. https://doi.org/10.1016/j.healun.2021.03.020.

10. Rajsic S, Breitkopf R, Treml B, et al. Association of anti-factor Xa-
guided anticoagulation with hemorrhage during ECMO support: a
systematic review and meta-analysis. Clin Cardiol 2024;47(5):e24273.
https://doi.org/10.1002/clc.24273.

. Marczin N, Waal EEC de, Hopkins PMA, et al. International con-
sensus recommendations for anesthetic and intensive care manage-
ment of lung transplantation. An EACTAIC, SCA, ISHLT, ESOT,
ESTS, and AST approved document. J Heart Lung Transplant
2021;40(11):1327-48. https://doi.org/10.1016/j.healun.2021.07.012.

12. Martin AK, Mercier O, Fritz AV, et al. ISHLT consensus statement on
the perioperative use of ECLS in lung transplantation: part II: in-
traoperative considerations. (Published online). J Heart Lung
TransplantOctober ~ 2024:S1053249824018308.  https://doi.org/10.

1016/j.healun.2024.08.027.

13. Bernhardt AM, Copeland H, Deswal A, et al. The International
Society for Heart and Lung Transplantation/Heart Failure Society
of America Guideline on acute mechanical circulatory support.
J Card Fail 2023;29(3):304-74. https://doi.org/10.1016/j.cardfail.2022.
11.003.

1

—_


https://doi.org/10.1097/MAT.0000000000001652
https://doi.org/10.1097/MAT.0000000000001652
https://doi.org/10.1016/j.jtha.2022.11.014
https://doi.org/10.1111/aor.14879
https://doi.org/10.1053/j.jvca.2023.07.044
https://doi.org/10.1093/ejcts/ezaa283
https://doi.org/10.1093/ejcts/ezaa283
https://doi.org/10.1016/j.jtcvs.2022.06.024
https://doi.org/10.1016/j.jtcvs.2022.06.024
https://doi.org/10.3389/ti.2024.12752
https://doi.org/10.1016/j.healun.2021.03.020
https://doi.org/10.1002/clc.24273
https://doi.org/10.1016/j.healun.2021.07.012
https://doi.org/10.1016/j.healun.2024.08.027
https://doi.org/10.1016/j.healun.2024.08.027
https://doi.org/10.1016/j.cardfail.2022.11.003
https://doi.org/10.1016/j.cardfail.2022.11.003

JHLT Open, Vol 8C, May 2025

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Halawi H, Sabawi MM, Rizk E, et al. Bleeding outcomes in critically
ill patients on heparin with discordant aPTT and anti-Xa activity.
Published online October 5 J Thromb Thrombolysis2024. https://doi.
org/10.1007/s11239-024-03048-0. Published online October 5.
Willems A, Roeleveld PP, Labarinas S, et al. Anti-Xa versus time-
guided anticoagulation strategies in extracorporeal membrane oxyge-
nation: a systematic review and meta-analysis. Perfusion 2021;36(5):
501-12. https://doi.org/10.1177/0267659120952982.

. Terry K, Lonardo N, Tonna J. Anticoagulation levels and bleeding

after emergency department extracorporeal cardiopulmonary re-
suscitation. Curr Emerg Hosp Med Rep 2019;7(1):1-5. https://doi.org/
10.1007/s40138-019-00176-3.

Panigada M, Cucino A, Spinelli E, et al. A randomized controlled trial
of antithrombin supplementation during extracorporeal membrane
oxygenation. Crit Care Med 2020;48(11):1636-44. https://doi.org/10.
1097/CCM.0000000000004590.

Panigada M, E. Iapichino G, Brioni M, et al. Thromboelastography-
based anticoagulation management during extracorporeal membrane
oxygenation: a safety and feasibility pilot study. Ann Intensive Care
2018;8(1):7. https://doi.org/10.1186/s13613-017-0352-8.

Kaseer H, Soto-Arenall M, Sanghavi D, et al. Heparin vs bivalirudin
anticoagulation for extracorporeal membrane oxygenation. J Card
Surg 2020;35(4):779-86. https://doi.org/10.1111/jocs.14458.

Oude Lansink-Hartgring A, de Vries AJ, Droogh JM, van den Bergh
WM. Hemorrhagic complications during extracorporeal membrane
oxygenation - The role of anticoagulation and platelets. J Crit Care
2019;54:239-43. https://doi.org/10.1016/j.jcrc.2019.09.013.

Buchtele N, Schorgenhofer C, Schwameis M, et al. Add-On pros-
taglandin E1 in venovenous extracorporeal membrane oxygenation: a
randomized, double-blind, placebo-controlled pilot trial. Am J Respir
Crit Care Med 2022;206(2):170-7. https://doi.org/10.1164/rccm.
202110-23590C.

Piwowarczyk P, Borys M, Kutnik P, et al. Unfractionated heparin
versus subcutaneous nadroparin in adults supported with venovenous
extracorporeal membrane oxygenation: a retrospective, multicenter
study. ASAIO J Am Soc Artif Intern Organs 1992 2021;67(1):104-11.
https://doi.org/10.1097/MAT.0000000000001166.

Guo Z, Sun L, Li B, et al. Anticoagulation management in severe
coronavirus disease 2019 patients on extracorporeal membrane oxy-
genation. J Cardiothorac Vasc Anesth 2021;35(2):389-97. https://doi.
org/10.1053/j.jvca.2020.08.067.

Seeliger B, Dobler M, Friedrich R, et al. Comparison of antic-
oagulation strategies for veno-venous ECMO support in acute re-
spiratory failure. Crit Care 2021;24(1):701. https://doi.org/10.1186/
$13054-020-03348-w.

Giani M, Russotto V, Pozzi M, et al. Thromboelastometry, throm-
boelastography, and conventional tests to assess anticoagulation
during extracorporeal support: a prospective observational study.
ASAIO J Am Soc Artif Intern Organs 1992 2021;67(2):196-200.
https://doi.org/10.1097/MAT.0000000000001196.

Aubron C, McQuilten Z, Bailey M, et al. Low-dose versus therapeutic
anticoagulation in patients on extracorporeal membrane oxygenation:
a pilot randomized trial. Crit Care Med 2019;47(7):e563-71. https://
doi.org/10.1097/CCM.0000000000003780.

Hemostasis, coagulation and thrombin in venoarterial and venovenous
extracorporeal membrane oxygenation: the HECTIC study Accessed
November 24 Scientific Reports2024 Accessed November 24 (https:/
www.nature.com/articles/s41598-021-87026-z) Accessed November 24.
Rivosecchi RM, Arakelians AR, Ryan J, et al. Comparison of antic-
oagulation strategies in patients requiring venovenous extracorporeal
membrane oxygenation: heparin versus bivalirudin. Crit Care Med
2021;49(7):1129-36. https://doi.org/10.1097/CCM.0000000000004944.
Walker EA, Roberts AJ, Louie EL, Dager WE. Bivalirudin dosing
requirements in adult patients on extracorporeal life support with or
without continuous renal replacement therapy. ASAIO J Am Soc Artif
Intern Organs 1992 2019;65(2):134-8. https://doi.org/10.1097/MAT.
0000000000000780.

Nagler B, Staudinger T, Schellongowski P, et al. Incidence of heparin
resistance and heparin failure in patients receiving extracorporeal
membrane oxygenation: an exploratory retrospective analysis. J

31.

32.

33.

34.

35.

36.

37.

38.

39

40.

41.

42.

43.

44.

45.

Thromb Haemost JTH 2024;22(10):2773-83. https://doi.org/10.1016/].
jtha.2024.06.008.

Falter F, MacDonald S, Matthews C, Kemna E, Cafnameres J,
Besser M. Evaluation of point-of-care ACT coagulometers and
anti-Xa activity during cardiopulmonary bypass. J Cardiothorac
Vasc Anesth 2020;34(11):2921-7. https://doi.org/10.1053/j.jvca.
2020.06.027.

Thompson TZ, Kunak RL, Savage NM, Agarwal S, Chazelle J, Singh
G. Intraoperative monitoring of heparin: comparison of activated
coagulation time and whole blood heparin measurements by different
point-of-care devices with heparin concentration by laboratory-per-
formed plasma anti-Xa assay. Lab Med 2019;50(4):348-56. https://doi.
org/10.1093/labmed/Imz014.

Marasco SF, Lukas G, McDonald M, McMillan J, Ihle B. Review of
ECMO (extra corporeal membrane oxygenation) support in critically
ill adult patients. Heart Lung Circ 2008;17(4):S41-7. https://doi.org/
10.1016/j.h1c.2008.08.009.

Bembea MM, Annich G, Rycus P, Oldenburg G, Berkowitz I,
Pronovost P. Variability in anticoagulation management of patients on
extracorporeal membrane oxygenation: an international survey.
Pediatr Crit Care Med J Soc Crit Care Med World Fed Pediatr
Intensive Crit Care Soc 2013;14(2):e77-84. https://doi.org/10.1097/
PCC.0b013e31827127¢4.

Laine A, Niemi T, Suojaranta-Ylinen R, et al. Decreased maximum
clot firmness in rotational thromboelastometry (ROTEM?®) is asso-
ciated with bleeding during extracorporeal mechanical circulatory
support.  Perfusion  2016;31(8):625-33.  https://doi.org/10.1177/
0267659116647473.

Chandel A, Desai M, King CS, et al. Agreement between the TEG 6s
and TEG 5000 analyzers in extracorporeal membrane oxygenation.
ASAIO J Am Soc Artif Intern Organs 1992 2022;68(1):73-8. https://
doi.org/10.1097/MAT.0000000000001398.

Cartwright B, Bruce HM, Kershaw G, et al. Hemostasis, coagulation
and thrombin in venoarterial and venovenous extracorporeal mem-
brane oxygenation: the HECTIC study. Sci Rep 2021;11(1):7975.
https://doi.org/10.1038/s41598-021-87026-z.

Colman E, Yin EB, Laine G, et al. Evaluation of a heparin monitoring
protocol for extracorporeal membrane oxygenation and review of the
literature. J Thorac Dis 2019;11(8):3325-35. https://doi.org/10.21037/
jtd.2019.08.44.

Reduced anticoagulation targets in extracorporeal life support (RATE):
study protocol for a randomized controlled trial | Trials | Full Text.
Accessed November 24, 2024. https://trialsjournal . biomedcentral.com/
articles/(10.1186/s13063-022-06367-w).

Volod O, Wegner J. Viscoelastic testing in the management of adult
patients on mechanical circulatory support devices with focus on ex-
tracorporeal membrane oxygenation. Semin Thromb Hemost
2022;48:814-27. https://doi.org/10.1055/s-0042-1756303.

Volod O, Bunch CM, Zackariya N, et al. Viscoelastic hemostatic as-
says: a primer on legacy and new generation devices. J Clin Med
2022;11(3):860. https://doi.org/10.3390/jcm11030860.

Mudannayake R, Lwin T, Falter F, Miles L. The HEPDOSE pilot
study: the use of the PRODOSE algorithm to reverse the effects of the
administration of initial high dose unfractionated heparin. J
Cardiothorac Vasc Anesth 2023;37:2. https://doi.org/10.1053/j.jvca.
2023.08.014.

Schaden E, Schober A, Hacker S, Spiss C, Chiari A, Kozek-
Langenecker S. Determination of enoxaparin with rotational throm-
belastometry using the prothrombinase-induced clotting time reagent.
Blood Coagul Fibrinolysis 2010;21(3):256-61. https://doi.org/10.
1097/MBC.0b013e328337014c.

Yin EB, Bracey AW, Chatterjee S. Thromboelastography versus
thromboelastometry for unfractionated heparin monitoring in adult
patients on extracorporeal membrane oxygenation. Published online
February 20 Perfusion2024:02676591241232513. https://doi.org/10.
1177/02676591241232513.

Rodrigues AB, Rodrigues A, Correia CJ, Jesus GN, Ribeiro JM.
Anticoagulation management in V-V ECMO patients: a multi-
disciplinary pragmatic protocol. J Clin Med 2024;13(3):719. https://
doi.org/10.3390/jcm13030719.


https://doi.org/10.1007/s11239-024-03048-0
https://doi.org/10.1007/s11239-024-03048-0
https://doi.org/10.1177/0267659120952982
https://doi.org/10.1007/s40138-019-00176-3
https://doi.org/10.1007/s40138-019-00176-3
https://doi.org/10.1097/CCM.0000000000004590
https://doi.org/10.1097/CCM.0000000000004590
https://doi.org/10.1186/s13613-017-0352-8
https://doi.org/10.1111/jocs.14458
https://doi.org/10.1016/j.jcrc.2019.09.013
https://doi.org/10.1164/rccm.202110-2359OC
https://doi.org/10.1164/rccm.202110-2359OC
https://doi.org/10.1097/MAT.0000000000001166
https://doi.org/10.1053/j.jvca.2020.08.067
https://doi.org/10.1053/j.jvca.2020.08.067
https://doi.org/10.1186/s13054-020-03348-w
https://doi.org/10.1186/s13054-020-03348-w
https://doi.org/10.1097/MAT.0000000000001196
https://doi.org/10.1097/CCM.0000000000003780
https://doi.org/10.1097/CCM.0000000000003780
https://www.nature.com/articles/s41598-021-87026-z
https://www.nature.com/articles/s41598-021-87026-z
https://doi.org/10.1097/CCM.0000000000004944
https://doi.org/10.1097/MAT.0000000000000780
https://doi.org/10.1097/MAT.0000000000000780
https://doi.org/10.1016/j.jtha.2024.06.008
https://doi.org/10.1016/j.jtha.2024.06.008
https://doi.org/10.1053/j.jvca.2020.06.027
https://doi.org/10.1053/j.jvca.2020.06.027
https://doi.org/10.1093/labmed/lmz014
https://doi.org/10.1093/labmed/lmz014
https://doi.org/10.1016/j.hlc.2008.08.009
https://doi.org/10.1016/j.hlc.2008.08.009
https://doi.org/10.1097/PCC.0b013e31827127e4
https://doi.org/10.1097/PCC.0b013e31827127e4
https://doi.org/10.1177/0267659116647473
https://doi.org/10.1177/0267659116647473
https://doi.org/10.1097/MAT.0000000000001398
https://doi.org/10.1097/MAT.0000000000001398
https://doi.org/10.1038/s41598-021-87026-z
https://doi.org/10.21037/jtd.2019.08.44
https://doi.org/10.21037/jtd.2019.08.44
http://10.1186/s13063-022-06367-w
https://doi.org/10.1055/s-0042-1756303
https://doi.org/10.3390/jcm11030860
https://doi.org/10.1053/j.jvca.2023.08.014
https://doi.org/10.1053/j.jvca.2023.08.014
https://doi.org/10.1097/MBC.0b013e328337014c
https://doi.org/10.1097/MBC.0b013e328337014c
https://doi.org/10.1177/02676591241232513
https://doi.org/10.1177/02676591241232513
https://doi.org/10.3390/jcm13030719
https://doi.org/10.3390/jcm13030719

Vajter and Volod

Anticoagulation Management During ECMO

46.

47.

48.

49.

Rajsic S, Breitkopf R, Jadzic D, Popovic Krneta M, Tauber H, Treml
B. Anticoagulation strategies during extracorporeal membrane oxy-
genation: a narrative review. J Clin Med 2022;11(17):5147. https://
doi.org/10.3390/jem11175147.

Schaden E, Schober A, Hacker S, Spiss C, Chiari A, Kozek-
Langenecker S. Determination of enoxaparin with rotational throm-
belastometry using the prothrombinase-induced clotting time reagent.
Blood Coagul Fibrinolysis Int J Haemost Thromb 2010;21(3):256-61.
https://doi.org/10.1097/MBC.0b013e328337014c.

Durila M, Vajter J, Garaj M, et al. Acquired primary hemostasis pa-
thology detected by platelet function analyzer 200 seen during extra-
corporeal membrane oxygenation is sufficient to prevent circuit
thrombosis: a pilot study. J Heart Lung Transplant 2020;39(9):980-2.
https://doi.org/10.1016/j.healun.2020.05.015.

Garaj M, Francesconi A, Durila M, Vajter J, Holubovd G,
Hrachovinova I. ECMO produces very rapid changes in primary he-
mostasis detected by PFA-200 during lung transplantation: an ob-
servational study. J Heart Lung Transplant 2024;43(11):1771-6.
https://doi.org/10.1016/j.healun.2024.07.012.

50

S1.

52.

53.

54.

ELSO International Summary of Statistics | ECMO | ECLS. Accessed
December 5, 2024. (https://www.elso.org/registry/internationalsummary
andreports/internationalsummary.aspx).

Thomas J, Kostousov V, Teruya J. Bleeding and thrombotic compli-
cations in the use of extracorporeal membrane oxygenation. Semin
Thromb Hemost 2018;44(1):20-9. https://doi.org/10.1055/5-0037-
1606179.

Willers A, Arens J, Mariani S, et al. New trends, advantages and
disadvantages in anticoagulation and coating methods used in extra-
corporeal life support devices. Membranes 2021;11(8):617. https://doi.
org/10.3390/membranes11080617.

Cao Y, Fang X, Ottosson J, Nislund E, Stenberg E. A comparative
study of machine learning algorithms in predicting severe complica-
tions after bariatric surgery. J Clin Med 2019;8(5):668. https://doi.org/
10.3390/jcm8050668.

Abbasi A, Karasu Y, Li C, Sodha NR, Eickhoff C, Ventetuolo CE.
Machine learning to predict hemorrhage and thrombosis during ex-
tracorporeal membrane oxygenation. Crit Care 2020;24(1):689.
https://doi.org/10.1186/s13054-020-03403-6.


https://doi.org/10.3390/jcm11175147
https://doi.org/10.3390/jcm11175147
https://doi.org/10.1097/MBC.0b013e328337014c
https://doi.org/10.1016/j.healun.2020.05.015
https://doi.org/10.1016/j.healun.2024.07.012
https://www.elso.org/registry/internationalsummaryandreports/internationalsummary.aspx
https://www.elso.org/registry/internationalsummaryandreports/internationalsummary.aspx
https://doi.org/10.1055/s-0037-1606179
https://doi.org/10.1055/s-0037-1606179
https://doi.org/10.3390/membranes11080617
https://doi.org/10.3390/membranes11080617
https://doi.org/10.3390/jcm8050668
https://doi.org/10.3390/jcm8050668
https://doi.org/10.1186/s13054-020-03403-6

	Anticoagulation Management During ECMO: Narrative Review
	Background
	Methodology
	Part 1: Analysis of guidelines and consensus statements
	Part 2: Review of peer-reviewed studies and literature
	Part 3: Advances in anticoagulation monitoring and therapy in ECMO

	Analysis of guidelines and consensus statements
	Review of peer-reviewed studies and literature
	Anticoagulation monitoring
	Overview of aPTT Monitoring for UFH and DTIs in ECMO
	aPTT monitoring for UFH
	aPTT monitoring for DTIs
	Argatroban
	Bivalirudin
	Conclusion
	Role of anti-Xa in anticoagulation monitoring during ECMO
	ACT monitoring of UFH anticoagulation: Applications and limitations
	Limitations of ACT monitoring
	Conclusion
	UFH anticoagulation during ECMO using VEA
	Monitoring and supplementation of AT III during ECMO

	Summary of anticoagulant agents for ECMO
	Practical implications for anticoagulation management


	Advances in anticoagulation monitoring and therapy in ECMO
	Viscoelastic methods in the management of patients on ECMO
	Antiagregation effects of ECMO on coagulation

	Future directions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	References




