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Anticoagulation during ECMO: The Past,
Present and Future
Abstract
In recent years, many medical centres started to use extracorporeal membrane
oxygenator (ECMO) support as the last treatment option for critically ill patients
when the conventional therapy fails. There are significant improvements in ECMO
management since the early days of its application. In this report, we aimed to
review several aspects in this complex treatment modality. One of the main areas
reviewed in this article will be the anticoagulation strategy used during ECMO
support and the tests utilized for monitoring coagulation parameters. Additionally,
technologies used in ECMO circuits and new advances in the field were reviewed.
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Introduction
ECMO can be a lifesaving treatment option for critically ill
patients when the conventional methods cannot deliver the
intended results. ECMO first started to be utilized during the
1970s. However, in the initial trials, ECMO was fraught with
high rate of mortality and consequently only limited number of
centres adapted the system [1].
The initial high rates of mortality and less than optimal success
rates negatively influenced the wider acceptance of ECMO until
the H1N1 outbreak of 2009. During the H1N1 outbreak, ECMO
proved to be useful for many critically ill patients and fell back in
favour. This period was a turning point for ECMO based treatment
methods that were adopted in many tertiary healthcare
centres since. The new advances in ECMO technologies and
the development of more efficient circuits have also played a
significant role in the wider acceptance of this methodology [2].
Currently, many centres have adopted ECMO as a last-resort of
therapy for critically ill patients who need respiratory and/or
cardiovascular support. Many others are on their way to bring
the system on board. Information and statistics on the current
working ECMO systems are available through the Extracorporeal
Life Support Organization (ELSO) Registry. The ELSO registry
was instituted in 1999 and is widely used by ECMO centres
since. The ELSO Registry collects and analyses the data from the
ECMO centres and makes it available for the interested parties.
Currently, ECMO support is the last- resort of treatment for many
critically ill patients and list of its applications continue to grow.
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The current conditions where ECMO is indicated are updated on
the ELSO Registry website [3].
In recent years, Extracorporeal Cardiopulmonary Resuscitation
(ECPR) has been employed in patients with respiratory and
cardiac arrests in pre-hospitalization and emergency settings
with more than gratifying results. [4].
Many of these satisfactory outcomes could be linked to the new
advances in ECMO technologies and the ever-increasing ECMO
experience in healthcare centres by healthcare teams using this
modality. It appears that ECPR will be more commonly used in
the near future for various medical emergencies because of the
successful outcomes the system produces. It is not surprising
to forecast that the technological advances will bring more
advanced ECMO circuits to the practice field that in turn will help
to bring better outcome for patients [5-7].

Types of ECMO
Currently there are two types of ECMO support used in critical
care practice. These are veno-venous (VV) and veno-arterial (VA)
ECMO, selected depending on the underlying condition. VV ECMO
is used for patients with respiratory failure where ventilation and
oxygenation is supported through artificial oxygenator bypassing
the patients’ lung. Through a cannula placed in one of the major
veins, the deoxygenated blood is transferred to the ECMO
circuit and passed through oxygenator and returned to venous
circulatory system of the patient. There is no cardiac support in
VV ECMO (Figure 1).
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The VA ECMO is used for patients who need respiratory and
circulatory support. In VA ECMO, the deoxygenated blood of the
patient is circulated through a pump and the heart is bypassed.
Blood is oxygenated through an artificial oxygenator and returns
back to the arterial circulation of the patient. In this modality,
two major cannulas are placed in a major vein and artery (Figure 2)
[8,9].

There is no consensus on selection criteria among the ECMO
centers. We need more research in this area to obtain better
evidence to guide us on ECMO type selection.

ECMO Oxygenator
The oxygenator is an important component of the ECMO circuit.
It functions as an artificial lung removing carbon dioxide and
oxygenating blood. Early oxygenators were made of silicon
materials whereas in recent years, hallow fiber oxygenators are
mostly utilized [10]. Compared to silicon oxygenators, hallow
fiber oxygenators have a shorter prime time with lower prime
volume that makes them superior. Additionally, HF oxygenators
have lower trans-membrane pressure and the drop in pressure
occurs less frequently [11].

2018
Vol.4 No.2:12

Another advantage of HF oxygenators is the possibility of
surface coating that leads to less clot formation. However,
leakage of plasma is a significant problem noticed with this type
of oxygenators. Implementation of hallow fiber micro porous
technology using the patented Membrana® polymethylpentene
(PMP) hollow fiber seems to alleviate leakage of plasma in these
oxygenators [12]. Consequently, long-term usage seems to
be possible with these new devices and many neonatal ECMO
centers are currently using the devices equipped with PMP
membrane oxygenators [13].

ECMO Pumps
Mainly, there are 2 types of pumps that are used in ECMO circuits:
Roller pumps and centrifugal pumps. Roller pumps were used
for many years and currently are increasingly being replaced by
centrifugal pumps. Initial studies comparing the 1st generation
centrifugal pumps to roller pumps were generally inconclusive. In
recent years, new generation of centrifugal pumps with magnetic
levitations were developed and are as efficient as roller pumps
and more effective in returning end-organ functions. Also, the
centrifugal pumps with magnetic levitations seem to provide
better short and long-term survival rates [14].

Figure 1 VV ECMO cannulation types: (a) Drainage cannula tip is in inferior vena cava and the
return cannula is in the right atrium. (b) Tip of the drainage cannula is in the infra hepatic
inferior vena cava and the return cannula tip is in the right atrium. (c) Venous cannula
with bicaval drainage ports and a return port directs the oxygenated blood toward the
tricuspid valve [8].
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Figure 2 Central VA ECMO cannulation: (a) Venous cannula draining the blood from right atrium
and arterial cannula returning the blood to aorta, (b) Peripheral VA ECMO cannulation:
Venous cannula draining the blood from femoral vein and arterial cannula returning the
blood to femoral artery [8].

Roller pumps can be partially or totally occlusive whereas
centrifugal pumps are non-occlusive. Roller pumps push the blood
forward by squeezing the raceway. The flow is determined by the
stroke volume and rpm. In centrifugal pumps, flow is dependent
on the preload and afterload. In these types of pumps resistance
inversely affects the flow rate. In roller pumps blood in the tubing
is being compressed in the raceway and this causes mechanical
trauma to the blood. This can result in hemolysis and activation
of the immune system. Inlet and outlet pressures should be
monitored closely to prevent cavitation, heat production and
hemolysis when using centrifugal pumps. Hemolysis is the least
concern with centrifugal pumps with magnetic levitation because
there is no stress on the blood. Blood is moved by the magnetic
forces generated by the pump motor.

Monitoring Patients on ECMO
ECMO is an extremely invasive treatment modality and
consequently close monitoring is required for achieving the best
outcome. The monitoring is carried out both for the patients and
the circuit because any deficiency in the function of the circuit may
result in mortality. Complications related to the system could be
originating from any part of the circuit. Clot formation, air emboli,
oxygenator/pump failure and issues related to cannulation could
be listed as circuit complications. For patients, bleeding, infection
and hemolysis are listed as the most commonly encountered
complications [15].
During ECMO support, bleeding and thrombotic complications
carry the most significant risk for morbidity and mortality.
According to the ELSO Registry Report, the rate of complication
of clot formation resulting in the circuit replacement is about
20% [16].
Another serious complication of ECMO is bleeding. It can occur
due to factors inherent to the patient’s underlying problems or
to the anticoagulation medications used during the treatment.
© Under License of Creative Commons Attribution 3.0 License

Therefore, patients who are under consideration for ECMO
support should carefully be evaluated for the risk of bleeding.
Bleeding can occur in any part of the body but intracranial bleeding
is the most dreaded. In a previous study in 32 neonatal patients
on ECMO support for persistent pulmonary hypertension, we
reported a rate of intracranial hemorrhage of 34% [17].

Why Do We Need Anticoagulation
during ECMO?
ECMO support continues to be the last hope for survival in
certain critically ill patients. However, despite tremendous
advances in ECMO circuit technology in recent years, we are
still far from having a satisfactory circuit design where no
anticoagulation is needed. Proteins in blood accumulate on the
circuit membranes causing membrane fouling leading to the
activation of the coagulation cascade and creating the risk for
platelet and leukocytes aggregation to the membrane surfaces.
Once the enzymes are activated, FXII, complement components,
kinin/kallikrein and fibrinogens are cleaved switching on the
coagulation cascade and eventually lead to thrombus formation.
Currently, heparin coated membranes are utilized in many ECMO
oxygenators however this solution does not seem to eliminate
the risk of coagulation completely [18]. In experimental animal
studies, adding nitric oxide releasing polymers to the ECMO
circuit improved the platelet activation and consumption process.
Nitric oxide is released from the endothelium and prevents
platelet aggregation [19]. Adding direct thrombin inhibitor such
as argatroban to the ECMO circuit coated with NO releasing
material further improved the coagulation process in a rabbit
model [20].

Management and Monitoring of
Anticoagulation
Since the formation of thrombus during the ECMO process is
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not induced by a single factor, the solution to the problem is
challenging. The ELSO Registry has published a guideline for
anticoagulation with the help of the experts in the field [21].
This report provides general guidelines for ECMO centers
in prevention of coagulation during the ECMO procedures.
However emphasis is made that each patient receives a specific
individualized anticoagulation regimen. Currently, complications
linked to anticoagulation regimens seem to be on the rise
especially in the young and pediatric patients. This trend is
observed worldwide underscoring the need for addressing anti
coagulation measures in ECMO practices [22].
For the reason listed above, ECMO patients need to be monitored
and evaluated closely due to the complications related to
coagulation and anticoagulation regimens. Before initiation of
ECMO support it is important to obtain complete blood count,
PT/INR, APTT, fibrinogen, D-dimer, activated clotting time
(ACT), anti-thrombi activity (AT), thromboelastography (TEG),
thromboelastometry (ROTEM). The results will provide a baseline
on the patient and help to assess the coagulation parameters
later in the ECMO course.
For decades un-fractionated heparin (UNFH) has been used
widely as the preferred anti-coagulant in many ECMO centers.
Direct thrombin inhibitors can be considered. However they are
not a viable alternative to heparin due to the lack of monitoring
methods and antidotes [23].
Heparin reacts with anti-thrombin (AT) and tissue factor
pathway inhibitor (TFPI). UNFH bound AT is 1000 more active
in preventing thrombus formation than unbound-AT. UNFH also
increases the affinity of TFPI to factor Xa at least 2 to 4 times and
reversibly inactivates the function of Factor Xa. Afterwards, the
formed complex of Factor Xa-TFPI by the help of UNFH inhibits
the Factor VIIa-tissue factor complex. Generally heparin is given
intravenously with 50 to 100 U/kg as an initial bolus and when
activated coagulation time (ACT) reaches to 300 s, heparin doses
are adjusted to 7.5 to 20 U/kg per h for adults. Neonates have
lower levels of anti-thrombin in their body for this reason their
initial heparin doses are higher. ACT testing is a non-specific point
of care assessment method used since the 1970s when ECMO
first started to be utilized. ACT is still widely used for dosage
adjustment of the heparin drip in many ECMO centers. During
the heparin infusion, ACT levels should be kept between 180
and 220 s [24]. In ACT testing, whole blood specimen sample is
used many factors in the blood and thrombocyte activity of blood
influence the result of the test. The ACT testing is not a specific
test for assessing heparin activity. In recent years, anti-factor Xa
assay was evaluated as a possible replacement for ACT and aPTT
tests. The current view is that anti factor Xa test might provide
superior results in adjusting heparin doses that those given by
ACT and aPTT [25,26].
In many ECMO centers, anti-factor Xa testing is incorporated in
their anti-coagulation protocols. The widely accepted anti-factor
Xa value ranges between 0.3 and 0.7 IU/ml. The availability of
many different anti-factor Xa assays on the market and their
variability in assessing heparin levels poses a potential problem in
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this field. Consequently, a wider acceptance of this test is largely
hindered by the lack of standardization. It is our view that as the
experience with this test increases and adequate standardization
is reached, a wider acceptance and utilization of the assay will be
attained.
Another test used in monitoring the heparin dose in ECMO
patient is aPTT assay. Generally, maintenance of aPTT levels at
1.5 to 2.5 is the suggested level for anticoagulation regimens.
aPTT concentration in blood varies according to the age of the
subjects. Therefore levels differ between adults and pediatric
patients. In addition different assays are available and make
it difficult to utilize aPTT as the sole monitoring modality in
anticoagulation for ECMO patients.
Thromboelastography (TEG) and rotational thromboelastometry
(ROTEM) test elastic properties of the whole blood during
coagulation. These assays are commonly used in evaluating the
coagulation status of the patients during major cardiac and hepatic
surgeries and traumas. The assays provide a rapid assessment of
the need for blood transfusion for patients. However, the current
lack of standardizations has hindered the wider adoption of the
methodology. More detailed studies are needed for these assays
to be useful in monitoring patients on ECMO support.
Fibrinogen levels and platelet counts also need to be monitored
closely during ECMO support. Platelet counts more than 80.000
cells/mm3 and fibrinogen levels above 100 g/dL are acceptable
during ECMO support as per the current guidelines. However,
coagulation management should be individualized based on
the patients’ requirements [21]. In our previous study, low
fibrinogen level (mean of 115 ± 13 vs. higher level of 175.0 ± 74.8,
p=0.009) and low platelet count (mean of 37.4 ± 18.3 vs. higher
level of 116.4 ± 18.9, p=0.005) were identified as risk factors for
developing intracranial bleeding in the neonatal population with
persistent pulmonary hypertension [17]. Close monitoring of
these parameters and maintaining fibrinogen levels and platelet
counts within normal range may prevent this mostly fatal
complication.

What is in the Future?
In recent years, different studies are looking at the various
design of the histocompatible ECMO membrane. Coating the
membrane surfaces with synthetic and natural polymers and
endothelialization of the membrane surfaces are two current
research areas. In a recent study, polymer brushes grafted
with the technique of single electron-transfer living radical
polymerization (SET-LRP) was used on polymethylpentene types
of membranes. After exposure to human plasma, it was noticed
that re-calcification time was significantly prolonged as a result
of delay in coagulation. This method significantly prevented the
binding of the platelets and leukocytes on the surfaces [18].
A healthy vascular endothelial tissue plays an important role
in the coagulation process. The ultimate aim of membrane
technologies on ECMO circuits should be to mimic the healthy
endothelial tissue as much as possible. Only after then, one
can expect to overcome the myriad of coagulation problems
experienced during ECMO treatment. Recent advances in tissue
This article is available in: http://criticalcare.imedpub.com/archive.php
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engineering promise to solve some of the issues encountered in
this field. Accordingly, endothelial cells could be seeded into the
polypropylene membranes and after the attachment the cells
could show in vitro proliferations on the membranes [27].
Another study showed that membrane surfaces covered with
titanium dioxide would facilitate attachment of endothelial cells
to allow the development of mono-layered endothelium, which
does not seem to produce any adverse effects on the oxygenation
process [28].
New durable and biocompatible ECMO pump system was tested
successfully on a large animal model with no clot formation
around the bearing [29].
These exciting studies foster the hope that the future of ECMO
practices will be much less complicated and safer than they are
today. However, the translation from animal experimentation to
human use is not a short and quick road.

Conclusion
ECMO continues to be the hope for survival for many critically
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