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Abstract – Introduction: The optimal timing for extracorporeal membrane oxygenation (ECMO) circuit change-out is
crucial for the successful management of patients with severe cardiopulmonary failure. This comprehensive review
examines the various factors that influence the timing of oxygenator replacement in the ECMO circuit. By considering
these factors, clinicians can make informed decisions to ensure timely and effective change-out, enhancing patient
outcomes and optimizing the delivery of ECMO therapy. Methodology: A thorough search of relevant studies on
ECMO circuits and oxygenator change-out was conducted using multiple scholarly databases and relevant keywords.
Studies published between 2017 and 2023 were included, resulting in 40 studies that met the inclusion criteria.
Discussion: Thrombosis within the membrane oxygenator and its impact on dysfunction were identified as significant
contributors, highlighting the importance of monitoring coagulation parameters and gas exchange. Several factors,
including fibrinogen levels, pre and post-membrane blood gases, plasma-free hemoglobin, D-dimers, platelet function,
flows and pressures, and anticoagulation strategy, were found to be important considerations when determining the
need for an oxygenator or circuit change-out. The involvement of a multidisciplinary team and thorough preparation
were also highlighted as crucial aspects of this process. Conclusion: In conclusion, managing circuit change-outs in
ECMO therapy requires considering factors such as fibrinogen levels, blood gases, plasma-free hemoglobin, D-dimers,
platelet function, flows, pressures, and anticoagulation strategy. Monitoring these parameters allows for early detection
of issues, timely interventions, and optimized ECMO therapy. Standardized protocols, personalized anticoagulation
approaches, and non-invasive monitoring techniques can improve the safety and effectiveness of circuit change-outs.
Further research and collaboration are needed to advance ECMO management and enhance patient outcomes.
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Introduction

Extracorporeal membrane oxygenation (ECMO) is a life-
saving technology used in critical care medicine to provide
temporary support to patients with severe cardiac or pulmonary
dysfunction. The use of ECMO has gained significant attention,
especially in cases of acute respiratory distress syndrome
(ARDS) and critical COVID-19 patients. Several studies have
investigated the role of ECMO and its associated factors, shed-
ding light on its efficacy and optimal management strategies.

Maintaining the optimal performance of the ECMO
oxygenator is crucial for ensuring the well-being of the patient.
While the components of an ECMO circuit, particularly the
oxygenator, have a long lifespan, they do not last forever,
and each disposable element ultimately has finite capabilities.
Consequently, it becomes necessary to replace the oxygenator
or the entire circuit to sustain the efficacy of ECMO therapy.
The process of changing out the oxygenator or circuit is a safe
and routine procedure, provided it is carefully planned and
performed in accordance with established standard operating
procedures to ensure the uninterrupted and effective support
of patients relying on ECMO therapy. This certainly minimizes
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any potential risks or disruptions in patient care and ultimately
optimizes patient outcomes.

When considering an ECMO oxygenator or circuit change-
out, several factors need to be taken into account. These factors
include circuit flows, pressures, anticoagulation levels, fibrino-
gen levels, pre and post-membrane blood gases, plasma-free
hemoglobin, fibrinogen levels, and D-dimers.

Vigilant monitoring of circuit pressures, such as transmem-
brane pressure (delta P), along with anticoagulation parameters
like Activated Clotting Time (ACT) and anti-Factor Xa levels,
is imperative. Circuit pressure monitoring is very useful for
detecting issues within the circuit, assessing blood flow
resistance, and ensuring patient safety, as abnormal circuit pres-
sures can be indicative of thrombosis. Concurrently, anticoagu-
lation monitoring is vital to maintain the delicate balance
between preventing clot formation and minimizing bleeding
risks, helping to adjust anticoagulant medication dosages to
safeguard patients from both thromboembolic events and
hemorrhagic complications [1, 2].

The successful management of patients undergoing ECMO
therapy relies on a careful evaluation of various parameters to
determine the necessity of oxygenator or circuit change-outs.
Critical factors to consider when making these decisions
include monitoring pre and post-membrane blood gases,
fibrinogen levels, and plasma-free hemoglobin. These parame-
ters are essential in assessing the functionality and safety of the
ECMO circuit, as well as detecting potential complications such
as coagulopathy, gas exchange inefficiencies, and circuit
damage. Furthermore, tracking markers like D-dimers and
fibrinogen aids in identifying thrombus formation within the
circuit. This review underscores the importance of regular
monitoring and highlights the need for further research to
establish standardized protocols for optimal timing in ECMO
oxygenators or circuit change-outs [3, 4].

Methodology

A thorough search of relevant studies on ECMO oxygena-
tors and circuit change-out was conducted using multiple schol-
arly databases and relevant keywords. Studies published
between 2017 and 2023 were included, resulting in 40 studies
that met the inclusion criteria. The review process involved
open-source journal publications and the Google Scholar
database. Special attention was accorded to the methods of fact
collection and the validity of information garnered from
secondary sources. The research engagement employed all the
provisions of ethical conduct in research.

Discussion

Extracorporeal membrane oxygenation (ECMO) is a vital
therapy for critically ill patients with severe respiratory or
cardiac failure. However, complications like bleeding and
thrombosis can negatively affect patient outcomes. This review
examines recent literature to explore key factors that influence
the decision to change an ECMO circuit. By understanding
these factors, clinicians can make informed decisions to
optimize patient care and improve ECMO outcomes.

Fibrinogen levels

Regular monitoring of fibrinogen levels is crucial in patients
undergoing ECMO to assess their coagulation status and
optimize outcomes. Several studies emphasize the significance
of monitoring fibrinogen levels in managing bleeding and
thrombosis, as well as determining the need for circuit
change-outs [3, 5, 6].

Findings from a retrospective study by Genty et al. suggest
that changing the ECMO circuit in patients did not increase the
risk of mortality. Replacing the ECMO circuit in patients expe-
riencing severe and persistent bleeding can significantly reduce
both clinical bleeding and the requirement for red blood cell
transfusions. The study also revealed that fibrinogen levels
and platelet counts, important markers of coagulation, progres-
sively decreased before the circuit change but significantly
increased afterward. This indicates that circuit changes may
play a role in improving hemostasis and mitigating bleeding
complications during ECMO therapy. Conversely, in patients
with thrombosis, circuit changes did not have a significant
impact on bleeding events or red blood cell transfusions. The
study did not find any significant changes in oxygenation
parameters between the pre-and post-circuit change periods.
These findings emphasize the potential benefits of circuit
changes in managing bleeding complications and highlight
the importance of monitoring fibrinogen levels as a key factor
in assessing coagulation status during ECMO support [3].

Basken et al. identified predictors of circuit exchange in
patients with membrane oxygenator (MO) thrombosis. They
observed significant changes in fibrinogen levels, D-dimer levels,
platelet count, and heparin dose leading up to MO exchange,
suggesting ongoing coagulation, consumption of coagulation
factors and platelets, and inadequate anticoagulation. Fibrinogen
median levels changed from 306 mg/L at day 0 before oxygena-
tor changeout to 405 mg/L at day 3 post changeout. D dimers
median changed from 1 lg/mL to 7.6lg/mL and Platelets count
was also increased after changeout [5].

Worku et al. conducted a retrospective study involving
ECMOpatients and found significant reductions in fibrinogen con-
centration on the first day after ECMO: (3.96 g/L �2.71 g/L).
Hemoglobin also decreased from (114 g/L to 85 g/L) and platelet
count reduced (190 � 109/L to 108 � 109/L) for VA ECMO
patients. Similar reductions were found in VV ECMO patients;
Fibrinogen (5.41 g/L, �2.98 g/L), Hemaglobin (107 g/L to
71 g/L), and platelets (215� 109/L to 106� 109/L). A low pla-
telet count (<50 � 109/L) or fibrinogen levels of <1.8 g/L were
associated with a (50%) higher likelihood of packed red blood
cell transfusion [6].

Doyle et al. highlighted the activation of the coagulation
system, platelet dysfunction, and altered fibrinolysis as factors
contributing to both thrombosis and bleeding in ECMO
patients. Understanding these hemostatic changes is essential
for improving patient management [7].

Mansour et al. studied COVID-19 patients on ECMO and
found that bleeding events occurred in 29% of cases,
thrombotic events in 16%, and a combination of both in
20%. Longer ECMO support duration was associated with
higher bleeding and thrombotic events. A fibrinogen level of
>6 g/L at cannulation was associated with an elevated risk of
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thrombosis [8]. A level of <1.5 g/L before cannulation is asso-
ciated with bleeding and mortality.

In conclusion, regular monitoring of fibrinogen levels in
ECMO patients is crucial for optimizing patient outcomes,
detecting abnormalities, and making informed decisions regard-
ing circuit change-outs and anticoagulation management. Keep-
ing Fibrinogen levels with therapeutic ranges >2 g/L and <6 g/L
may be beneficial in helping prevent bleeding issues thus pre-
venting the need to change the ECMO circuit.

Pre and post oxygenator blood gases

Pre and post-blood gas analysis is crucial for evaluating
oxygenator performance and determining the optimal time for
change-out in ECMO. Clinicians assess arterial blood gas val-
ues before and after passing through the oxygenator to gauge
its efficiency in removing carbon dioxide and oxygenating
the blood. Monitoring these parameters enables early detection
of suboptimal oxygenator function, allowing timely interven-
tion and prevention of complications. These practices optimize
ECMO therapy, enhance patient safety, and improve outcomes
for critically ill individuals.

Epis et al. conducted a study on the gas exchange efficiency
of the membrane lung (ML) during ECMO. It revealed that ML
oxygen transfer (V’O2ML) is influenced by extracorporeal
blood flow and the oxygen content difference between each
ML side. ML carbon dioxide removal (V’CO2ML) depends
on ML gas flow and CO2 concentration at the sweep gas outlet.
Pseudomembranous deposits on ML fibers can hinder gas
exchange, leading to a decline in V’O2ML known as the “shunt
effect.” Clot formation around fibers can create a “dead space
effect” that negatively impacts V’CO2ML. Monitoring these
effects is crucial to recognize ML function decline. Real-time
monitoring of the ECMO circuit enables timely detection of
complications and improves procedural safety. Integrating a
real-time monitoring system with standard measurements
enhances the analysis of ECMO functioning and provides a
comprehensive understanding of the ML and native lung inter-
action [9]. The study introduces the idea of using CO2 removal
capacity as a marker for oxygenator aging and suggests that this
can be a valuable indicator for timely oxygenator replacement.
However, the paper lacks specific clinical validation and prac-
tical implementation details.

Continuous monitoring of veno-venous ECMO using the
Landing� monitor provides valuable insights into the interde-
pendency between the artificial membrane lung (ML) and the
patient’s native lung (NL). The Landing monitor offers contin-
uous measurements of ML oxygen transfer, hemoglobin levels,
blood saturation, and monitors hemodynamic data, and drains
negative pressure. Real-time monitoring facilitates adjustments
to optimize ventilator and ECMO settings, improving perfor-
mance, and potentially reducing risks and costs. Evaluating
oxygen transfer aids in assessing device performance and min-
imizing unnecessary replacements [10].

Plasma Free Hb

Hemolysis can occur due to infections, certain diseases, and
certain medicines, but also due to mechanical issues from the

ECMO circuit. Doyle et al. mention plasma free hemoglobin
has been shown to occur with ECMO flow rates of
>147 mL/kg/min [7]. Extreme positive or negative pressure
from the ECMO, small cannula, and excessive RPMs are also
a source. High levels of plasma-free hemoglobin (fHb) are cyto-
toxic and have secondary effects on the kidneys causing acute
kidney injury. This is caused by the build-up of the pfHb struc-
tures in the kidney’s glomerular filtration apparatus. fHb scav-
enges nitric oxide and causes endothelial dysfunction and
platelet aggregation, and minimizing this is beneficial.

The assessment of fHb levels has emerged as an important
factor in evaluating hemolysis and guiding clinical decision-
making in ECMO patients. Monitoring fHb levels provides
insights into the occurrence and severity of hemolysis, aiding
in determining when an oxygenator/circuit changeout is
necessary.

Dufour et al. analyzed ECMO-associated hemolysis, high-
lighting the importance of laboratory assessment in managing
hemolytic events. Their findings shed light on the complex nat-
ure of ECMO-associated hemolysis, optimizing patient care
during ECMO therapy [11].

Studies by Pan and Omar examined the frequency of ele-
vated fHb in adult ECMO patients and its association with
circuit changes and in-hospital mortality. Both studies identified
elevated fHb levels as common during adult ECMO and
demonstrated associations with longer durations of support.
Omar et al. found fHb levels of >50 mg/dL after 24 h showed
an indication for mortality highlighting the clinical relevance of
monitoring fHb levels in ECMO patients [12], however, Pan
et al. found that severe hemolysis requiring circuit changes
was uncommon, were found almost exclusively on VV ECMO
and were non statistically significant with in-hospital mortality
[13].

Valladolid et al. focused on the role of fHb in promoting
thrombosis within the ECMO circuit. They highlighted the
interaction between fHb and plasma von Willebrand factor,
emphasizing the need for further research to investigate this
interaction and develop strategies for reducing thrombotic risks
during ECMO therapy [14].

Hazboun et al. identified increased fHb levels as an early
indicator of neonatal ECMO circuit impairment. Mean fHb
was taken 48 h prior and increased from 26.45 mg/dL to
76 mg/dL, a cause of this could be as oxygenator delta pressure
rises the rpm is increased to maintain flows, and this rise in
mechanical stress causes more fHb. Monitoring fHb, along with
other parameters, can aid in the timely detection of circuit dete-
rioration and appropriate interventions in neonatal ECMO cases
[15].

Neal et al. did a study looking at pfHb levels in Cardiohelp,
CentriMag, and PediMag circuits where 5 out of 146 patients
had a pfHb spike over 100 mg/dL. One of these was CentriMag
bivads which was treated with a pump reseating, one PediMag
complete ECMO circuit was changed, and the rest were Cardio-
help and were changed. All of this resulted in a reduction of
pfHb after 12 h or less to at least a third of the peak levels.
If this drop is not seen it suggests the cause of pfHb has not
been addressed and care should be taken while using
CentriMags as the cause of pfHb could be the pump itself
rather than the oxygenator. This does not pose a problem for
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Cardiohelp as it’s integrated and so both are changed simulta-
neously regardless of the cause [16].

In contrast, a study by Appelt et al. demonstrates that
hemolysis was prevalent in VA ECMO patients, however, this
is caused by different indications and not the ECMO itself [17].

Collectively, these studies enhance our understanding of
fHb and possible reasons for a rise in ECMO therapy. Monitor-
ing fHb levels provides valuable insights into hemolysis occur-
rence and severity. While not an indication for changing a
circuit on its own, pHb levels provide a good picture of hemol-
ysis and add to the decision-making process regarding ECMO
oxygenator/circuit change out. Further research is needed to
validate and expand upon these findings, improving outcomes
in ECMO settings.

D-Dimers

Monitoring D-dimer (DD) levels can provide valuable
information regarding the presence of clot formation within
the ECMO oxygenator. Elevated DD levels suggest ongoing
activation of the coagulation system and the breakdown of
fibrin clots. While increased DD levels are not specific to
clotting within the oxygenator, they serve as a marker of overall
coagulation activity.

The retrospective study by Lubnow et al. emphasized the
importance of early identification of oxygenator dysfunction
during prolonged ECMO use. DD levels raised from
15 (9–20) to 30 (21–35) mg/dL within 3 days before exchange
and declined significantly within 1 day thereafter to 13 (7–17)
mg/dL. The rise in plasma D-dimer concentration, in the absence
of other factors, was identified as a helpful predictor for
membrane oxygenator (MO) exchange in heparin-coated
ECMO systems. Monitoring DD levels can facilitate timely
exchanges and prevent sudden loss of function due to clot
formation [4].

Similarly, Dornia et al. investigated the relationship
between elevated D-dimer levels and thrombotic clots in the
MO during VV ECMO. The study highlighted the significance
of D-dimer testing in predicting clot formation and preventing
system-induced coagulation disorders. Persistent high D-dimer
levels (11.5 [6.5–15.5] mg/L to 35.0 [34, 35] mg/L) for >2 days
correlated with increased clot volume detected by multidetector
computed tomography (MDCT). Levels then dropped follow-
ing membrane exchange where D-dimer levels decreased
significantly 12 [8–16] mg/L. This underscores the importance
of monitoring MOs during ECMO therapy to prevent critical
situations [18].

Aqsa Shakoor conducted a retrospective study focusing on
D-dimer levels in COVID-19 patients requiring VV-ECMO
support. Elevated D-dimer levels (>3,000 ng/mL) were associ-
ated with a shorter time from admission to cannulation and a
longer duration of ECMO support. The consistent decrease in
D-dimer values after circuit exchanges indicated the presence
of a thrombus within the oxygenator. Elevated D-dimer levels
were proposed as indicators of increased disease severity in
COVID-19 and predictors of a longer ECMO course. The paper
highlights the complexity of interpreting D-dimer in ECMO-
supported COVID-19 patients. Weaknesses include the small
sample size, retrospective design, and limited statistical

significance in some findings, making further research neces-
sary for definitive conclusions [19].

These studies collectively highlight the utility of monitoring
D-dimer levels in assessing clot formation and oxygenator
dysfunction during ECMO therapy. Early detection of elevated
D-dimer levels in addition to other tests can prompt timely
interventions, such as MO exchange, to optimize patient care
and prevent complications. Further research is warranted to
validate these findings and explore additional markers for eval-
uating coagulation disorders and disease severity in ECMO
patients.

Platelet levels

Platelet function plays a significant role in oxygenator
change-out during ECMO management. Impaired platelet func-
tion can lead to increased clot formation within the oxygenator,
compromising its performance. Monitoring platelet function
helps identify suboptimal oxygenator function and guide the
timing of oxygenator/circuit change-out. By ensuring adequate
platelet function, the risk of clot formation can be minimized,
optimizing ECMO therapy and improving patient outcomes.

Balle et al. observed decreased platelet counts and reduced
platelet aggregation in adult patients on ECMO. On day 1 only,
decreased platelet activation was found, this did not continue
from day 1 to 3. This suggests potential platelet consumption
or activation within the ECMO circuit. However, when consid-
ering platelet aggregation relative to platelet count, it was
similar to healthy controls. In addition, bound Fibrinogen levels
increased indicating that platelet function may not be univer-
sally impaired during ECMO [20].

A study on platelet transfusions in children undergoing
ECMO found that overall, platelet transfusions did not signifi-
cantly affect oxygenator function as measured by postoxy O2

levels and differences in pre and post membrane pressures.
However, in patients with the lowest pre-transfusion oxygena-
tor function, platelet transfusions were associated with
worsened oxygenator function. This highlights the need for
careful consideration of platelet transfusion strategies and
anticoagulation management, especially in patients with lower
oxygenator function [21].

A systematic review identified a significant knowledge gap
regarding platelet function during ECMO in adult patients.
However, reduced expression of platelet adhesion receptors
decreased platelet activation markers and reduced platelet
aggregation were reported in the included studies. Bleeding
episodes were frequent, while thromboembolic events were
not reported, emphasizing the need to investigate the associa-
tions between platelet function and bleeding/thromboembolic
complications during ECMO. The study limitation mentions
that the patient cohorts were heterogenous with respect to
underlying disease which could affect platelet count. With this
in mind, there may also be a strong association between platelet
count and platelet aggregation as mentioned by Balle et al.
previously [22].

Winnersbach et al. more recently found that reducing plate-
let count in an ECMO system limited platelet activation and the
formation of neutrophil extracellular trap (NET). This resulted
in decreased clot stability. However, clot formation within the
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circuit still occurred, indicating the significant role of platelets
in clot formation despite reduced count [23].

Analyzing membrane oxygenators (MOs) from ECMO
patients, another study revealed that some MOs exhibited high
von Willebrand factor (vWF) loading, particularly near the gas
fiber crossing points. Patients with coagulation abnormalities
showed highly loaded MOs, suggesting increased levels of
thrombogenic vWF multimers and their accumulation during
ECMO therapy. The study has limitations as It’s an in vitro
study, so its relevance to clinical situations is limited. The small
sample size (n = 5) raises concerns about generalizability and
residual platelets in the platelet-poor group could confound
results. The focus on local anticoagulation strategies lacks
direct testing in this context. While the study offers insights,
its limitations and the gap between lab and real-world scenarios
should be considered [24].

In summary, these studies provide insights into the complex
relationship between platelet function, clot formation, and
ECMO support. Monitoring platelet count is crucial during
ECMO treatment, and measuring aggregation, and activation
may also be useful. Further research is necessary to optimize
management strategies, including platelet transfusions, antico-
agulation, and the prevention of bleeding and thromboembolic
events in ECMO patients.

Flows and pressures

The role of flow and pressures in assessing oxygenator
function during ECMO therapy has been investigated in several
studies. Zakhary et al. emphasized the importance of monitor-
ing membrane lung (ML) dysfunction, highlighting various
factors that can contribute to ML dysfunction and the need
for prompt recognition. Pressure monitoring across the ML
and measuring oxygen transfer were discussed as monitoring
methods, providing guidelines for ML replacement based on
abnormalities and inadequate gas exchange [25].

Sarathy et al. explored the use of flow measurement as
an alternative method to detect obstructions in the ECMO
circuit, specifically focusing on oxygenator thrombosis. Their
results demonstrated that higher levels of oxygenator obstruc-
tion led to a measurable increase in shunt flow. This suggests
that flow monitoring could be a promising approach to identi-
fying obstructions, offering an alternative to pressure-based
monitoring [26].

These studies underscore the importance of monitoring flow
and pressures within the oxygenator to detect dysfunction and
clot formation during ECMO therapy. Flow monitoring shows
promise as a non-contact and continuous method to identify
obstructions in the circuit. Effective monitoring strategies and
early recognition of ML dysfunction can guide decisions on
the need for oxygenator replacement, ensuring optimal ECMO
performance and patient safety. Further research and validation
of flow monitoring as a reliable indicator are needed to enhance
ECMO management.

Anticoagulation strategy

Achieving the appropriate balance of anticoagulation in
extracorporeal membrane oxygenation (ECMO) therapy is

crucial, but challenging, as excessive anticoagulation can lead
to bleeding complications. Several studies have examined the
role of anticoagulation in ECMO and the associated manage-
ment difficulties.

ECMO poses challenges in maintaining proper hemostasis
due to blood’s interaction with artificial surfaces, leading to a
pro-thrombotic state. Complications, such as bleeding and
thrombosis, are common. Anticoagulation is vital to balance
these risks, with unfractionated heparin (UFH) being the
primary choice, but it has limitations and requires close moni-
toring using tests like ACT and aPTT. Acquired antithrombin
deficiency is common and needs supplementation. Direct
thrombin inhibitors (DTIs) like bivalirudin are alternatives but
require careful dosing. Anticoagulation protocols in ECMO
vary, underlining the need for individualized approaches and
multidisciplinary teams to optimize patient care. The study
lacks original clinical data and offers limited insights into
alternative anticoagulants, fibrinolysis, and anticoagulation
monitoring. It acknowledges heterogeneity in anticoagulation
practices but provides no specific solutions. Overall, while
informative, the study would benefit from additional research
and data to address these limitations and offer practical
recommendations for ECMO management [1].

A systematic review by McBane II et al. focuses on the
thrombosis risk, prognostic implications, and anticoagulation
effects in COVID-19 patients. The review highlights the high
incidence of coagulopathy and thrombotic events in severe
COVID-19 cases, emphasizing the importance of anticoagula-
tion in these individuals [27].

Chlebowski et al. discuss the challenges associated with
anticoagulation management during ECMO, which can result
in high rates of both thrombotic and bleeding events. Factors
such as age-related changes in hemostasis and blood-circuit
interaction contribute to the difficulty of achieving optimal anti-
coagulation. Heparin resistance, characterized by the need for
increasing heparin doses, is a common issue during ECMO,
particularly in neonatal and pediatric patients with lower
antithrombin (AT) levels. The controversy surrounding AT
supplementation for heparin resistance highlights the need
for clearer guidelines. The study reveals significant practice
variation among medical centers due to a lack of standardized
protocols and high-quality data. To optimize anticoagulation
in ECMO, the study suggests considering multiple measures
of hemostasis and emphasizes the importance of monitoring
antithrombin levels. Developing more precise hemostasis
assessment tools is essential for improving anticoagulation
management in this complex clinical setting [28].

Studies have also examined the association between antico-
agulation therapy and clinical outcomes in ECMO patients.
Song et al. found that maintaining a higher activated partial
thromboplastin time (aPTT) increased the risk of bleeding
events without significantly improving thrombotic outcomes.
This highlights the delicate balance required in anticoagulation
management during ECMO [29].

Managing anticoagulation often involves the need for an oxy-
genator or circuit change out in cases of significant clot formation
or dysfunction. Case reports have highlighted the importance of
prompt intervention and alternative anti- coagulants in restoring
gas exchange and optimizing ECMO performance [30].
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Furthermore, monitoring anti-Factor Xa levels has shown
promise in assessing coagulation status and predicting the need
for circuit/membrane oxygenator change in pediatric ECMO
patients [2].

Direct thrombin inhibitors (DTIs) have been a good alterna-
tive to heparin anticoagulation in recent years, minimizing
heparin-associated complications like acquired antithrombin
deficiency and heparin-induced thrombocytopenia. Burstein
et al. explain the safe usage of DTIs in ECMO due to their rela-
tively short half-life, and ease of monitoring using activated par-
tial thromboplastin time (aPTT) or activated clotting time (ACT).
Dosing and monitoring protocols should be in place due to
possible complications, for example, using Bivalirudin with
low flow states such as weaning off ECMO or low pulsatility
states may have to be supplemented with heparin due to
Bivalirudin being rapidly cleaved by proteolytic enzymes [31].
M’pembele et al also showed beneficial effects on clinical out-
comes in ECMO patients using DTIs as compared to heparin
[32]. Geli et al. is another study showing DTIs to be a viable
alternative, especially in HITT and heparin resistance patients
such as COVID-19 patients [33], and Neunert et al. showed
DTI use in pediatric patients safely, highlighting the potential
to avoid use of antithrombin replacement and reduce lab
monitoring [34].

In summary, anticoagulation is crucial in ECMO to prevent
clot formation and maintain optimal oxygenator function.
Balancing anticoagulation therapy poses challenges, and
standardized guidelines and high-quality data are needed. An
oxygenator or circuit change-out may be necessary in cases
of significant clot formation or dysfunction. Advancements in
anticoagulation management during ECMO are necessary to
improve patient outcomes.

Key considerations for performing ECMO circuit

change out

Changing an ECMO circuit is a critical procedure that
requires careful technique, thorough preparation, and consider-
ation of various factors (Figure 1):

� Technique: The procedure should be performed with
strict adherence to aseptic technique to minimize the risk
of infections. Proper technique and standard operating
procedure are essential to ensure the safe and efficient
exchange of the circuit.

� Preparation: Adequate preparation is crucial, including
ensuring the availability of a fully primed and functional
replacement circuit, appropriate anticoagulation manage-
ment, and proper monitoring equipment. Clear communi-
cation among the multidisciplinary team involved in the
procedure is essential for a smooth transition.

� Patient stability: The patient’s hemodynamic stability,
oxygenation, and coagulation status should be carefully
assessed before the circuit change. It is crucial to optimize
the patient’s condition to minimize the risk of complica-
tions during the procedure.

� Timelines: Determining the optimal timing for circuit
change-out is essential and should be based on the
patient’s stability and minimized risk of complications.
Close coordination with the ECMO specialist team and

careful evaluation of the patient’s clinical status are cru-
cial factors in identifying the ideal time to perform the
circuit exchange. By considering these aspects, clinicians
can ensure a safe and effective procedure, maximizing the
chances of successful patient outcomes.

� Post-procedure monitoring: Close monitoring of the
patient’s vital signs, oxygenation, and coagulation param-
eters should be continued after the circuit change. Assess-
ing the circuit function, adequate blood flow, and gas
exchange is essential to ensure the patient’s stability
and the proper functioning of the new ECMO circuit.

Siddiqui et al. propose a staged approach for circuit
exchanges in fully ECLS-dependent patients to avoid hemody-
namic deterioration. By gradually transitioning flow from the
old to the new circuit in a parallel configuration, the staged
approach ensures hemodynamic stability even in patients with-
out native organ function, reducing the risks associated with cir-
cuit exchanges [35].

Da Broi et al. evaluated a new system and procedure for
oxygenator change-out in ECC and ECMO. The study demon-
strated that the new system allowed for a fast and efficient
change-out process, completed in a short average time. This
new system offers a safe and reproducible method for oxygena-
tor change-out, minimizing potential risks associated with the
procedure [36].

In summary, established protocols and guidelines can help
ensure a successful ECMO circuit change with minimized risks
to the patient (Figure 2).

ELSO guidelines

The ELSO guidelines on anticoagulation and circuit
changeout provide comprehensive recommendations for the
management of anticoagulation therapy and the timely replace-
ment of oxygenators in patients undergoing extracorporeal
membrane oxygenation (ECMO). The guidelines emphasize
the importance of achieving a delicate balance between prevent-
ing thrombosis and minimizing bleeding complications. They
recommend the use of unfractionated heparin as the primary
anticoagulant, with regular monitoring of coagulation parame-
ters such as activated clotting time (ACT), activated partial
thromboplastin time (aPTT), and anti-Xa levels. The guidelines
also highlight the importance of closely monitoring oxygenator
performance and replacing it when necessary, based on estab-
lished criteria such as clot formation, compromised blood flow,
and gas exchange impairment. By providing evidence-based
recommendations, these guidelines aim to optimize anticoagu-
lation management and ensure appropriate maintenance of the
oxygenator, ultimately improving patient outcomes during
ECMO therapy [37].

Future considerations for oxygenator or circuit
change-out

While current literature provides valuable insights into the
considerations for oxygenator or circuit change-out in patients
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undergoing extracorporeal membrane oxygenation (ECMO),
several areas warrant further research and exploration. Address-
ing these future considerations and knowledge gaps can
enhance our understanding and improve the decision-making
process for change-outs.

� Personalized anticoagulation strategies: Currently, anti-
coagulation therapy is often administered empirically
based on general guidelines. However, individual patient
factors such as age, comorbidities, and coagulation profile
may influence the response to anticoagulants and the risk
of bleeding. Future research should focus on developing
personalized anticoagulation strategies that take into

account patient-specific characteristics, allowing for
tailored therapy to achieve optimal circuit patency while
minimizing bleeding complications.

� Although conventional coagulation parameters like ACT,
aPTT, and anti-Xa levels provide valuable information,
their ability to predict clotting or bleeding risks is limited.
Therefore, there is a need to identify novel biomarkers
that can better reflect the coagulation status and accurately
predict the likelihood of circuit clotting or bleeding com-
plications. Exploring biomarkers associated with platelet
function, endothelial activation, or fibrinolysis could pro-
vide additional insights and significantly improve the
monitoring and management of anticoagulation in ECMO

Figure 2. Flow Chart B: Illustration of standard operating procedure of ECMO circuit change-out.

Figure 1. Flow chart A: Illustration of Factors to be considered before ECMO circuit/oxygenator change-out.
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patients. By incorporating these novel biomarkers, clini-
cians can make more informed decisions and optimize
anticoagulation strategies for better patient outcomes.

� Point of care test: POC tests play a crucial role in ensuring
patients are within the therapeutic range of antithrombotic
medications, identifying individuals at risk for bleeding or
thrombotic complications, and guiding the management of
acute bleeding episodes. Nonetheless, there is a pressing
need for additional research to establish clinically relevant
ranges for POC coagulation testing in patients on VADs
and ECMO circuits. Anticoagulation strategies vary
between these two patient populations, with unfraction-
ated heparin being the primary choice for ECMO, and
antiplatelet medications sometimes used in combination
with heparin for VAD patients. The correlation between
traditional coagulation tests and POC tests like TEG and
ROTEM is inconsistent, and no clear superiority of POC
tests over standard tests has been established in terms of
monitoring anticoagulation or predicting bleeding or
thrombotic complications. Thus, further research is essen-
tial to validate the predictive ranges of POC tests and
develop reliable and accurate POC versions of standard
coagulation tests.

� Non-invasive monitoring techniques: Current monitoring
of coagulation parameters typically involves invasive
blood sampling, which may not be ideal for continuous
monitoring in critically ill patients. Developing non-
invasive techniques for real-time assessment of coagula-
tion status, such as point-of-care devices or wearable
sensors, could revolutionize anticoagulation management
in ECMO. These technologies could provide immediate
feedback on coagulation status, allowing for timely inter-
ventions and adjustments to anticoagulation therapy.

� Optimal timing for change-out: The timing of the
oxygenator or circuit change-out remains a topic of
debate. There is limited evidence on the ideal time to
perform a change-out to minimize complications and
optimize patient outcomes. Future research should focus
on identifying new indicators that can predict the need
for change-out, such as biomarkers, imaging modalities,
or clinical parameters. Determining the optimal timing
for change-out can help prevent circuit clotting and reduce
the risk of complications.

� Safe and efficient ECMO circuit change-out requires
thorough preparation, collaboration, and the development
of standard operating procedures (SOPs) among doctors,
nurses, and perfusionists. SOPs provide clear guidelines
and protocols to ensure consistent and standardized prac-
tices, enhancing patient safety and procedural efficiency.
Effective teamwork, communication, and adherence to
established SOPs are essential for successful circuit
change-outs in ECMO therapy.

� Long-term outcomes and complications: Most studies
and guidelines focus on short-term outcomes and complica-
tions related to oxygenator or circuit change-out. However,
there is a need for long-term follow-up studies to assess the
impact of change-outs on patient survival, organ function,
and quality of life. Understanding the long-term conse-
quences and potential complications associated with

change-outs can guide decision-making and improve
patient counseling and care [25, 36, 37, 38, 39, 40].

Conclusion

In conclusion, this review sheds light on the pivotal role of
extracorporeal membrane oxygenation (ECMO) in critical care,
particularly for patients suffering from severe cardiac or
pulmonary dysfunction, including acute respiratory distress
syndrome (ARDS) and critical COVID-19 cases.

It underscores the crucial importance of maintaining
ECMO’s performance through timely component replacements,
with a primary focus on the oxygenator, to ensure the therapy’s
continued effectiveness and safety. The paper provides a
thorough analysis of the key factors influencing the decision
to change ECMO components, with a particular emphasis on
monitoring parameters such as fibrinogen levels, pre and post-
membrane blood gases, plasma free hemoglobin, D-dimers,
platelet levels, flows, pressures, and anticoagulation strategies.
While individually they are not a direct indication to change
the ECMO circuit, but collectively they can provide a holistic
picture of the workings of the ECMO. These factors are essential
in identifying and addressing complications like bleeding and
thrombosis, which can significantly impact patient outcomes.

Furthermore, the review not only highlights the current
state of knowledge and best practices but also outlines future
considerations for ECMO component change-outs. These con-
siderations encompass the development of personalized antico-
agulation strategies, exploration of novel biomarkers, validation
of point-of-care tests, the advancement of non-invasive moni-
toring techniques, determination of optimal timing for
change-outs, the establishment of standardized operating proce-
dures, and long-term outcome assessments.

In summary, this review provides valuable insights for
healthcare professionals and researchers, offering a comprehen-
sive overview of ECMO therapy and guiding future directions
in the field. It emphasizes the ongoing commitment to enhanc-
ing patient care, improving ECMOmanagement, and ultimately
saving lives in critical care scenarios.
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