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ABSTRACT

Multiple factors affect how a patient responds to extracorporeal life
support (ECLS) including the patient’s age, size, underlying problem,
clinical condition, genetic differences and clinical progress. To better
understand this highly variable response, we must separate what is
happening in the patient versus the ECLS circuit. Pre-ECLS risk factors,
including disseminated intravascular coagulation and recent surgery,
increase the risk of platelet loss and bleeding during ECLS. Exposure of
blood to artificial surfaces in the circuit activates the contact system which
in turn activates coagulation. High shear in the cannula, tubing and pumps,
along with coagulation activation, damages and activates platelets, red
cells, endothelial cells and leukocytes. Platelets and red cells are lost during
ECLS through bleeding, phlebotomy, activation, hemolysis, sub-lethal
injury induced extravascular clearance, and other causes. Activation of
coagulation and platelets leads to circuit thrombus formation. Clinically
important circuit thrombi include arterial tubing thrombi associated with
arterial embolism, oxygenator surface membrane thrombosis resulting in
oxygenator failure/circuit replacement and venous pump emboli leading
to severe hemolysis. The variability in response means some patients
require almost continuous transfusion support while others receive almost
no transfusions. This review summarizes what is known and what research
is needed to improve ECLS.
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Individual variations in hemostasis, thrombosis and blood loss during extracorporeal life support

Introduction
While extracorporeal life support (ECLS) can be

lifesaving for patients needing short-term
cardiopulmonary support, it is associated with an
increased risk of blood loss, the need for recurrent
transfusion support and thrombus formation in the
ECLS circuit."” Current studies report that patients
on ECLS show a continuing loss of red cells, platelets
and coagulation factors. Pediatric patients on ECLS
lose blood cells even faster than adults. This persistent
blood loss leads to recurrent, at times daily,
transfusion support including red cell, platelet and
plasma transfusions. Increased blood loss and
transfusions are associated with worse outcomes in
ECLS. Thrombosis in the ECLS circuit is also a
common problem. Anticoagulant medications are
used to reduce the risk of circuit thrombosis, but
anticoagulation leads to an increased risk of bleeding

and transfusion support.

While we have a good understanding of the overall
risks of blood loss, transfusion and circuit thrombosis
during ECLS, there are two areas that require further

study if we are to reduce these problems. First, we
need to better understand what causes blood loss
and circuit thrombosis. Not all blood loss during
ECLS is due to bleeding. Some ECLS patients show
only minor bleeding, but still require major transfusion
support. Second, there is a substantial individual
variation in the response of different patients to
ECLS. Some ECLS patients require little transfusion
support and show only minimal circuit thrombosis,
while others require daily platelet or red cell
transfusions and undergo several circuit changes
due to thrombosis. We need a better understanding
of the individual patient hematologic response to
ECLS.

How a patient responds to ECLS depends of multiple
factors including 1) the patient’s underlying problem
and clinical condition before starting ECLS, 2) the
response of the patient’s blood when exposed to
the cannula, tubing, oxygenator and pumps of the
circuit and 3) clinical progress while on the circuit
including patient improvement or worsening and
clot deposition in the circuit (Figure 1).2
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Figure 1. Patient response to extracorporeal life support. DIC = disseminated intravascular coagulation,

As = changes.

To understand how a patient responds to ECLS we
must separate what is happening in the patient
versus what is happening in the ECLS circuit. This
review will focus on hemostatic, hematologic and
thrombotic aspects of the patient response to
ECLS including effects on the coagulation system,

platelets, red cells, endothelium and leukocytes,

and what is known about different mechanisms of
blood loss including bleeding, phlebotomy, hemolysis,
cell activation and sublethal cell damage. The goal
is to summarize how hematologic systems respond
to ECLS, what factors affect this response and what
future research is needed to minimize ECLS side

effects and improve outcomes.
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Patient clinical condition

The first factor affecting the patient’s response to
ECLS is their pre-existing clinical status including:
1) patient’s age and size, 2) underlying problem
leading to ECLS and 3) clinical condition. As blood
flows through the ECLS circuit, cells and other
humoral factors in the blood may be activated and
damaged. As blood returns from the circuit to the
patient these activation and damage products must
be cleared by the patient’s liver, spleen and kidneys.
In an adult patient or large child, the 500-600 mL of
blood from the ECLS circuit is diluted 5 to 10-fold
in the 3 to 6 L of blood in the patient. In contrast,
in a heonate with a 250 mL blood volume, the 500
mL ECLS circuit may hold twice the blood volume
of the patient. Even if the amount of damage to blood
cells by the circuit is the same, the relative amount
returning to the neonate is 20 times higher than
that returning to an adult or large child. In addition,
compared to adults or older children, neonates
have lower levels of coagulation factors making
them more vulnerable to coagulation factor related
bleeding during ECLS.?

The patient’s underlying problem and clinical
condition prior to ECLS also play a role in how the
patient will respond. Pre-ECLS risk factors include
post-operative issues, infection/sepsis, hypoxia,
ischemia, shock, disseminated intravascular
coagulation (DIC) and prior thrombosis. A patient
with a clearly reversable problem in otherwise good
clinical condition presents a very different starting
point from a patient with a more severe problem
and poor clinical condition at the beginning of ECLS.
For example, in a child in relatively good condition
with treatable infection-related respiratory distress
the ECLS run may be uneventful while the patient’s
lungs recover. In contrast, a neonate with septic
shock that arrives for ECLS in DIC is at increased

risk of platelet loss, bleeding and transfusion.’

Risk factors associated with increased blood loss
during ECLS include pre-ECLS surgery (44% higher
platelet loss and 82% higher red cell loss) and pre-
ECLS DIC (104% higher platelet loss and 65% higher

red cell loss)."®"" Patient’s may develop DIC prior
to starting ECLS for a variety of reasons including
hypoxia, shock, trauma and sepsis. Disseminated
intravascular coagulation prior to starting ECLS in
adults is associated with an increased risk of
thrombocytopenia during ECLS and poor outcome. ™3
A history of venous thrombosis or bacterial infection
prior to staring ECLS is associated with an increased
risk of venous oxygenator membrane surface

thrombosis, oxygenator failure and replacement.™

Coagulation

Under normal conditions, the hemostatic system is
not activated until blood comes into contact with
exposed tissue factor and collagen in a wound.™
Initiation of coagulation requires two factors, an
activator for the coagulation system and a
procoagulant phospholipid surface for the activated
coagulation factors to assemble on. The primary
activator for coagulation in a wound is tissue factor,
which is present in perivascular tissues. Platelets
activated by thrombin bind to the wound and expose
procoagulant phospholipids further enhancing
coagulation activation, fibrin generation and
development of a hemostatic plug that stops bleeding.
Thus, in wounds, perivascular tissue factor is the
primary coagulation activator while activated platelets
provide the procoagulant phospholipid surface.

Instituting extracorporeal circulation exposes the
patient’s blood to artificial surfaces and high shear
in cannulas, tubing and pumps. Exposure of blood
to the artificial surfaces in the ECLS circuit induces
a systemic inflammatory response,” including
cytokine release and activation of the complement,
fibrinolytic and coagulation systems, with peak
activation of these humoral systems typically occurring
during the first few hours of support.’®#

The contact system of proteins is an ancient form
of innate immunity in blood. While still present in
humans, its function has been superseded by more
complex humoral and cellular immune systems. The
contact system plays no role in normal hemostasis

in humans, patients deficient in the contact factors
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prekallikrein, high molecular weight kininogen and
factor Xl do not bleed.”™ As blood flows over the
ECLS circuit, plasma proteins bind to the artificial
surfaces of the pumps, tubing and oxygenator.’
Contact system factor Xll binds to circuit surfaces
where it auto-activates to factor Xlla,?® which in turn
activates coagulation factor XI. Activated coagulation
factor Xla initiates thrombin generation, coagulation
activation and thrombus formation on circuit
surfaces.'”?# Activation of the contact system peaks
during the first 24 hours of ECLS. Initial contact
activation is followed by progressive increases over
the following days in thrombin generation and
circuit fibrin deposition. 8283

In addition to contact activation of coagulation, in
vitro studies show that ECLS circuits activate
leukocytes stimulating the expression of tissue
factor on their surface.®® In vivo studies found that
100% of ECLS patients show evidence of contact
system activation of coagulation while about 7%
show evidence of circulating tissue factor activation
of coagulation.?® Coagulation activation in the
circuit consumes coagulation factors in the blood
and stimulates thrombus formation on the artificial
surfaces of the circuit. Activated blood with reduced
levels of coagulation factors flows back into the
patient suppressing normal hemostasis at the site
of wounds, enhancing the risk of bleeding. This is
worse in neonates where the circuit blood volume
is twice the blood volume in the patient. Reducing
the risk of circuit thrombosis often requires
anticoagulation (particularly in children) further
increasing the risk of bleeding in the patient.

Fibrinolysis

Under normal conditions, the fibrinolytic system
prevents hemostatic clots from growing too large
and occluding the vessel. Fibrinolysis is activated
by the release of tissue plasminogen activator (tPA)
from healthy vascular endothelial cells. tPA activates
plasminogen to plasmin which in turn removes
excess vascular fibrin preventing thrombus formation

and vessel occlusion. The level of tPA in blood is

regulated by an inhibitor, plasminogen activator
inhibitor type 1 (PAI-1).

Exposure of blood to artificial surfaces during
extracorporeal circulation activates the contact
system producing factor Xlla and bradykinin. When
bradykinin generated in the circuit flows back into
the patient it stimulates tPA release increasing
fibrin degradation.’" tPA release is highest soon
after initiation of extracorporeal circulation. Early
increased tPA secretion during extracorporeal
circulation is typically followed hours later by a
systemic inflammatory response which stimulates
increased secretion of PAI-1 which suppresses
fibrinolysis.

Whether a patient shows more bleeding or more
circuit thrombosis while on ECLS is complex
combination of their underlying problem, their
response to the circuit and their clinical progression.
A patient with enhanced fibrinolysis, high platelet
consumption and low coagulation factors is more
likely to show bleeding while a patient with
inflammatory suppression of fibrinolysis, strong
coagulation and platelet activation may present
with more circuit thrombosis.”'

Platelets

Extracorporeal life support has multiple adverse
effects on platelets including platelet activation

leading to circuit thrombus formation and
consumption of platelets and platelet damage

leading to platelet dysfunction, reduced survival of
patient and transfused platelets and an increased
risk of bleeding (Figure 2).273%3235 Platelets are the
best example of blood cell loss due to activation
by the ECLS circuit. As platelets flow through the
ECLS circuit they are activated by a combination of
circulating agonists like thrombin and mechanical
forces including shear and turbulence in the cannula,
pump and tubing. Once activated, platelets are
rapidly cleared from the blood through binding to
wounds and circuit thrombi and through clearance
by the liver and spleen.

© 2025 European Society of Medicine 4
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Causes of Platelet Loss

During ECLS
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Figure 2. Causes of platelet loss during extracorpor:

Some patients show little to no platelet activation,
limited platelet loss and receive no platelet
transfusions while others with a similar clinical
history and circuit dynamics show rapid platelet
activation and loss. This suggests there may be a
genetic contribution to a patient’s response to the
circuit.®"" Genetic variation in platelet activation by
the circuit surfaces and by humoral systems like
coagulation and complement may play a role in
how patients respond to ECLS.

@

1. Bleeding
(~36%)

2. Phlebotomy

(~a%)
B

Pump and
Tubing

8%)

eal life support (ECLS). Adapted from reference .

Platelet activation is worse during the first 24 hours
on ECLS and is associated with early declines in
platelet count.®'"3* Platelet activation is on average
6-fold higher than normal during ECLS and accounts
for about 32% of platelet loss during ECLS but this
varies widely from less than 5% to more than 90% of
platelet loss.® When platelets, red cells, endothelial
cells and leukocytes are activated during ECLS, they
release small fragments of their outer membrane
that are known as microvesicles or extracellular
vesicles (EV, Table 1).8:26:29.3036,37

Table 1. Extracellular vesicle levels during ECLS*

ECLS Reference p-value**
Range

Platelet Activation — PEV1 76,000/uL 33,000/uL <0.0001
Platelet Damage — PEV2 90,000/uL 30,000/uL <0.0001
Red Cell Activation and Damage — REV1 | 77,000/uL 11,000/uL <0.0001
Red Cell Activation and Damage — REV2 | 205,000/uL 39,000/uL <0.0001
Endothelial Activation and Damage — 1,800/uL 700/uL <0.001
EEV

*Median levels, ECLS = extracorporeal life suppoprt, PEV1

= platelet extracellular vesicle type 1, PEV2 = platelet

extracellular vesicle type 2, REV1 = red cell extracellular vesicle type 1, REV2 = red cell extracellular vesicle type 2. EEV

= endothelial extracellular vesicle. Table adapted from 81011,

© 2025 European Soci
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The platelet extracellular vesicles that are released
show phosphatidylserine on their surface, a
procoagulant phospholipid that promotes coagulation
activation (termed platelet extracellular vesicle type
1 or PEV1).2 Levels of PEV1 in blood can be used
to estimate the number of platelets that have been
activated and in turn lost due to activation." The
patient’s pre-existing condition also affects platelet
activation and loss. When patients with a history of
pre-existing DIC are placed on ECLS, the combination
of platelet activation in the circuit and platelet
activation in the patient due to their DIC results a
vicious circle that produces up to 100-fold increases
in platelet activation and about twice the rate of
platelet loss compared to patients without DIC."""3
Platelet and red cell extracellular vesicles circulating
in the blood provide a procoagulant phospholipid
surface that accelerates coagulation activation during
ECLS. Platelet and red cell EV counts correlate with
the level thrombin generation in patients on ECLS.%

In addition to platelet loss due to platelet activation,
patients can also lose platelets due to diagnostic
phlebotomy and bleeding. On average phlebotomy
accounts for about 4% of platelet loss.” While not
all patients show bleeding during ECLS, in those
that do, bleeding can be a major source of platelet
loss and recurrent transfusions.*® On average bleeding
accounts for about 36% of platelet loss during
ECLS."

While about two-thirds of the platelet loss during
ECLS population can be quantified, the cause of the
remaining platelet loss remains unknown. Platelet
exposure to ECLS is associated with a 9-fold
increase in platelet extracellular vesicles associated
with platelet damage (PEV2).® Platelet interaction
with the ECLS circuit may lead to shortened platelet
survival, possibly due to removal of altered platelets
by the spleen.? Platelet activation and damage in
the ECLS circuit reduces platelet counts and platelet
function. Thrombocytopenia results in an increased
risk of bleeding and the need for recurrent platelet
transfusions during ECLS. Currently there is no way

to directly measure platelet loss due to sublethal

damage. In contrast, markers are available to measure

sublethal damage to red cells.

Red cells

There are multiple reasons for red cell loss during
pediatric ECLS including procedural and spontaneous
bleeding,?* intravascular hemolysis,?**“° diagnostic
phlebotomy,?? and sublethal red cell activation and
injury leading to extravascular clearance.'041:42
Red cells are the best example of blood cell loss due
to cell damage during ECLS. Approximately 60%
of pediatric patients show evidence of sublethal
RBC damage prior to starting ECLS, suggesting that
part of the red cell damage seen during ECLS may
due to their underlying condition.*’ Red cell damage
during ECLS can be detected in several ways, the
most obvious is when red cell destruction occurs

resulting in hemoglobin release.

Plasma hemoglobin measurements show that
moderate to severe intravascular hemolysis occurs
in 20% to 67% of pediatric patients on ECLS.*3
Severe hemolysis on ECLS results in 100-fold
increases in red cell extracellular vesicle (REV)
production.? Patients with hemolysis require more
red cell transfusions, have an increased risk of renal
failure and may have lower survival.*** On average
intravascular hemolysis accounts for about 20% of
red cell loss, with some patients showing up to 68%
of red cell loss due to hemolysis (Figure 3)."° Rapid
onset severe hemolysis can occur when fragments
of thrombus from the venous tubing breakoff and
embolize to the ECLS pump rotor, resulting in
cavitation in the pump." The best monitor for
hemolysis is daily plasma hemoglobin measurements.
Spectroscopic plasma hemoglobin assays are easy
and fast to perform, they can be available stat with

turnaround times of less than 60 minutes.

© 2025 European Society of Medicine 6
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Causes of RBC Loss
During ECLS
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Damage
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Figure 3. Causes of red cell loss during extracorporeal life support (ECLS). Adapted from references'**'.

In addition to hemolysis, red cells suffer repeated
sublethal damage as they flow through the ECLS
circuit as indicated by decreased red cell
deformability, increased fragility, increased exposure
of phosphatidylserine on their surface and red cell
extracellular vesicle release.®'94'4* Sublethal red
cell injury does not lyse red cells, but marks them
for clearance by the liver and spleen resulting in
post-ECLS
hyperbilirubinemia.*?4*” One marker of sublethal

extravascular hemolysis and
red cell injury is phosphatidylserine exposure on
the red cell surface. Red cell phosphatidylserine is
increased 6-fold compared to normal during pediatric
ECLS, marking these cells for extravascular clearance
with a half-life of ~15 hours and accounting for ~7%
of red cell loss (range 1% to 60%)."%%" Another marker
of sublethal red cell injury is red cell extracellular
vesicle release which is increased 7 to 9-fold during
pediatric ECLS. Increasing levels of red cell damage
is a poor prognostic sign that is associated with
evidence of vascular damage, DIC and poor

outcome. 84

Other causes of red cell loss during ECLS include
bleeding and phlebotomy. Bleeding during ECLS is
common with 38% to 70% of pediatric ECLS patients
having an episode of bleeding.?>"" Bleeding during

ECLS is associated with vascular access and recent

surgery sites, disordered hemostasis, platelet
dysfunction, loss of high molecular weight von
Willebrand  factor multimers and enhanced
fibrinolysis. Pediatric ECLS patients with chest
tubes lose on average 123 mL of blood/kg, with an
association between increased chest tube bleeding
and decreased survival.®® Bleeding accounts for on
average about 20% of red cell loss with about half

of ECLS patients having major bleeding.™

On average about 18% of red cell loss during
pediatric ECLS is due to phlebotomy, but can
account for up to 86% of red cell loss in some
patients.” Phlebotomy accounts for 10% to 26% of
average daily transfusion requirements,® and is the
sole contributor for at least one transfusion in 42%
of pediatric ECLS subjects.? Blood loss due to
phlebotomy can be reduced by limiting the number

of blood draws for anticoagulation monitoring.*

While about two-thirds of red cell loss in ECLS can
be accounted for, the cause of the remaining one-
third is currently unknown. It is likely that sublethal
red cell damage and extravascular clearance accounts
for more than the 7% of red cell loss estimated based
on measurement of phosphatidylserine tagged red

cells.#

© 2025 European Society of Medicine 7
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Endothelium

Vascular endothelial cells line all normal blood vessels,
very few can be found in the circulation and only
small numbers of endothelial extracellular vesicles
(EEV) are detected in blood.? When endothelium
are activated or damaged they release increased
numbers of EEV. High levels of EEV in blood are an
indication of vascular injury in a variety of
cardiovascular disorders.® On average EEV are
increased about 2 to 3-fold during ECLS indicating
some level of endothelial activation and vascular
injury.® Some patients show massive release of red
cell and endothelial extracellular vesicles, a bad
prognostic sign associated with severe red cell

damage, vascular injury, and low survival.?

Leukocytes

As blood flows through the ECLS circuit it is
exposed to artificial surfaces and to shearing and
turbulence in the cannulas, tubing, pump and
oxygenator resulting in activation of multiple systems
and cells including the contact system, coagulation,
complement, platelets and leukocytes.'®?' Activation
of the complement system and exposure of the
blood to the artificial ECLS surface is associated

with leukocyte activation, tissue factor expression

on leukocytes, leukocyte extracellular vesicle
release and leukocyte deposition on the circuit

su rfa CeS.29’3O’36’37’51 52

Circuit thrombosis

Circuit thrombosis continues to be a common
complication during ECLS and is associated with
multiple clinical problems including arterial
thromboembolism, hemolysis, circuit failure, and
need for circuit replacement.? Formation of thrombi
in ECLS circuits starts with coagulation activation
and thrombin generation which in turn stimulates
platelet activation which exposes procoagulant
phospholipids on the platelet surface and on the
surface of the extracellular vesicles they release,
further accelerating thrombin generation, fibrin
formation and thrombus deposition in the

Ci rcu it.8'14'26'36'37’53

Thrombi have been reported in 80% to 90% of
circuits examined after removal (Table 2).'4>
Currently, detection of circuit thrombosis is based
on visual inspection while the circuit is running,
which underestimates the true rate and location of
thrombi compared to circuit inspection after circuit

removal 5%’

Table 2. ECLS Circuit Thrombi

% of ECLS Circuits | Adverse Outcome

Oxygenator Thrombus

Inflow oxygenator membrane surface thrombus 11% Oxygenator failure
Oxygenator deep membrane thrombus 15% Minimal
Inflow oxygenator inner flow distributor thrombus 8% Minimal
Tubing Thrombus
Arterial tubing thrombus 30% Arterial embolus
Venous tubing thrombus 26% Pump embolus
Connector thrombus 26% Minimal
Pump Thrombus
Tubing thrombus embolized to pump 1% Hemolysis
Pump axle thrombus 45% Minimal

© 2025 European Society of Medicine 8
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Thrombi are most common in tubing and connectors,
affecting ~40% of circuits. Fibrin is initially deposited
on the tubing, followed by layers of platelets, red
blood cells, white blood cells and von Willebrand
factor. Thrombi in the arterial side of the circuit
increase the risk of arterial thromboembolism in the
patient.

Another clinically important circuit problem is the
development of oxygenator membrane surface
thrombus which can occlude the oxygenator,
resulting in rapid increases in circuit delta
pressures, oxygenator failure and emergent circuit
replacement.’*” Oxygenator surface membrane
thrombi have been reported in 10% of adult
oxygenators and 11% of pediatric oxygenators,
occurring typically over 1 to 2 days, but at times in
only a few hours. Thrombi were not apparent visually
when the circuit was running, they were only detected
by examination of the circuits after removal. On
examination, these oxygenators showed a consistent
pattern of adherent occlusive thrombi on the inflow
side of the oxygenator membrane. The thrombus
does not extend deep into oxygenator membrane,
suggesting the surface formation was driven by
factors other than exposure of blood to the
oxygenator membrane itself. Thrombi can form
deep within the oxygenator membrane, but there
is little correlation with plasma hemoglobin levels
or oxygenator function.”**® Oxygen membrane
surface thrombosis is transient and specific to the
patient’s condition, it does not reappear on the
new circuit following circuit change. Oxygenator
membrane surface thrombi are more common in
patients with pre-existing venous thrombosis (odds
ratio 39) and bacterial infections (odds ratio 11),
suggesting that something circulating in these
patients binds to the oxygenator membrane surface
stimulating thrombus formation. Anti-Xa heparin
levels are similar in patients with and without

oxygenator membrane surface thrombosis.

Two kinds of thrombi occur in ECLS circuit pumps:
1) embolic clots trapped in the rotor blades and 2)
thrombi that form directly on pump blades or pump

aXleS.M'SS'Sé’SQ

If venous tubing thrombi become too
large, they can break off and embolized to the
pump, where they are trapped in the pump rotor,
resulting in cavitation and hemolysis."*® Daily
plasma hemoglobin measurements are an effective
way to screen for hemolysis secondary to pump
thromboembolus; however, the only way to
definitively determine whether the cause of increased
hemolysis was pump thromboemboli is by examining
the circuit after removal. Reports of thrombi forming
directly on the pump rotor are decreasing in recent

studies, likely due to improved rotor designs.

Use of antifibrinolytics in patients on ECLS reduces
postoperative bleeding, but is also associated with
an increased risk of patient and circuit thrombosis.'*#!
In the largest retrospective review, use of
antifibrinolytics during ECLS reduced surgical site
bleeding, but not overall blood loss or transfusion

requirements.®’

Antifibrinolytic therapy did not
increase patient thrombotic complications, but was
associated with an increased number of circuit
changes on ECLS. Antifibrinolytics slow the rate of
fibrin removal from ECLS circuits which leads to an
increased rate of fibrin deposition and enhanced

formation of tubing thrombi.

Transfusion Therapy

Most pediatric ECLS patients experience a persistent
loss of red cells and platelets that leads to repeated

36343862 Decreasing blood cell loss

transfusions.
during pediatric ECLS requires an understanding of
the causes of blood cell loss and a method for
quantitating these losses so that we can accurately
measure the effect of future interventions. One
approach is to track red cell and platelet losses.™™"
First the total number of red cells and platelets in
the patient+circuit blood volume is estimated
based on hematocrit and platelet count. Then, over
the course of ECLS, changes in red cell and platelet
numbers are tracked along with cells added by
transfusion, producing an overall estimate of cells
lost per liter of total blood volume per hour.'"
These estimates of cell loss are termed the platelet

loss index and red cell loss index. A red cell loss

© 2025 European Society of Medicine 9
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index of 1 mL/L/hr is equivalent to a 2.4 decrease
in hematocrit every 24 hours. The median red cell
loss index during pediatric ECLS was 1.9 mL/L/hr,
more than 10-fold higher than the average normal
rate and equivalent to a 4.6-point drop in hematocrit
per day. A platelet loss index of 1x107 platelets per
liter of total blood volume (patient+circuit) per hour
(10°/L/hr) is equivalent to a platelet count drop of
24,000/uL per day. The median platelet loss index
in children on ECLS is 2.8x10%/L/hr, equivalent to a
67,000/uL decrease in platelet count/day.

Red cell transfusion rates on ECLS typically average
about 15 to 30 mL/kg/day with some centers reporting
rates up to 40 ml/kg/day.>'%63¢ ECLS results in more
red cell loss and more transfusions than ventricular
assist devices.®? Higher RBC transfusion levels are
associated with worse outcome.**® A recent multi-
center cohort demonstrated an increase in mortality
for each additional 10 mlL/kg/day of red cells
transfused.® The red cell loss index is strongly
correlated with red cell transfusion (r? = 0.71), but
red cell transfusion rates over-estimate red cell loss
by 52% in small neonates where patient weight
does not accurately account for the expanded total
blood volume due to both circuit and patient blood

volume.

Due to the high levels of platelet loss during
pediatric ECLS, frequent platelet transfusions are
also common with average platelet transfusion
rates of approximately 10 to 25 ml/kg/day and
platelet transfusions occurring on up to 2 out of 3
days."#8£2 The platelet loss index is highly correlated
with platelet transfusion (r* = 0.51), but using
platelet transfusion rates as a surrogate for platelet

loss overestimates platelet loss by 74%."

Pediatric ECLS patients start with coagulation
factor levels that on average are lower than normal
due both to the young age of most pediatric ECLS
patients (neonates have low coagulation factor levels
compared to adults) and the patient’s underlying
condition.” Like platelets and red cells, multiple
processes contribute to coagulation factor loss
during ECLS including bleeding, factor consumption

and phlebotomy.”?® Low coagulation factor levels
are associated with an increased risk of bleeding
during ECLS.?" On average pediatric ECLS patients
receive plasma transfusions about every third day.*®
The median daily plasma dose was 13-16 mL/kg.”*®
The best clinical test for evaluating average coagulation
factor levels during ECLS is the prothrombin time
(PT).¢”¢8 The PT shows a strong correlation with
coagulation factor levels, but minimal change due
to the presence heparin or changes in antithrombin
or factor XlI. PT international normalized ratio (INR)
was the most common test used to guide plasma

transfusion.’

Conclusion

The patient response to ECLS is highly variable
with no single outcome. Some patients require few
transfusions, have no circuit problems and need
minimal anticoagulation. Others suffer from bleeding,
hemolysis and circuit thrombosis, requiring daily
transfusions, renal support, close anticoagulant
monitoring and circuit changes. Pre-existing
conditions including DIC and recent surgery can
worsen platelet loss and bleeding during ECLS.
Further research is needed on how the patient’s
underlying clinical problem and clinical status affect
the patient response to ECLS. Evidence showing
that patients with similar age and clinical presentation
can show dramatically different responses to ECLS
suggests that genetic variation may play a role in
patient response to ECLS. Research is needed to
understand how genetic variation may lead to
difference responses on ECLS. Platelet activation
during ECLS is one of the major causes of platelet
loss and platelet transfusion. Research is needed to
better understand the mechanisms of ECLS induced
platelet activation. Red cells show damage during
ECLS from mechanical trauma, biochemical injury
and storage lesion in transfused cells. Red cell damage
can lead to red cell loss due to hemolysis and
sublethal injury that stimulates red cell removal by
the liver and spleen. Phosphatidylserine exposure
on the surface of red cells can be used as one marker
of sublethal damage, but further work is needed to
track other markers of red cell damage during ECLS

© 2025 European Society of Medicine 10



Individual variations in hemostasis, thrombosis and blood loss during extracorporeal life support

to estimate the total amount of red cell loss due to

sublethal injury‘41r44r69

Red cells and platelets are also
lost due to bleeding and phlebotomy. Reducing
red cell and platelet transfusions for patients on
ECLS will require understanding both the causes of
cellular damage and loss and determining optimal

transfusion thresholds.36:3870

Circuit thrombosis is a common problem during
ECLS that is underestimated unless circuits are
carefully examined after removal. Research is needed
into new antithrombotic agents like factor Xlla
inhibitor that show promise in reducing thrombosis
while minimizing bleeding. When contact factor Xlla
is inhibited during experimental ECLS, coagulation
activation is reduced.”!
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