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acid; ECMO, extracorporeal membrane oxygenation; 
ELSO, Extracorporeal Life Support Organization; HIT, 
immune-mediated heparin-induced thrombocytopenia; 
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The use of extracorporeal membrane oxygenation (ECMO) requires maintaining a delicate bal-
ance between the prevention of thrombosis and the avoidance of hemorrhage. Anticoagulation 
is necessary to maintain circuit flow. It counteracts the activation of clotting mechanisms that 
occurs as a result of the interaction between circulating blood and the foreign surfaces of the 
ECMO equipment as well as endothelial damage within the vasculature. Heparin remains the 
anticoagulant of choice; however, the difficulty in adjusting dosages and the risk of developing 
heparin-induced thrombocytopenia have led to the use of alternative therapies such as argatro-
ban and lepirudin. In addition, thrombolysis with alteplase is now being used in patients who 
develop clots despite anticoagulation. Aminocaproic acid has been used for more than a decade 
to manage or prevent hemorrhage in patients on ECMO, but a new report suggests that activated 
recombinant factor VII may also be useful as a hemostatic agent. Over the next decade, it is likely 
that the role of these newer agents will grow, making them important tools in the management 
of patients on ECMO.

kEywORdS: anticoagulants, extracorporeal membrane oxygenation, hemostatics, pediatrics, 
thrombosis
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INTROdUCTION

Extracorporeal membrane oxygenation 
(ECMO) is a form of prolonged cardiopulmo-
nary bypass used to support patients with 
life-threatening respiratory or cardiac failure. 

Since its introduction in the mid-1970s, ECMO 
has been used most often in neonates to treat 
severe respiratory failure associated with 
congenital diaphragmatic hernia, meconium 
aspiration syndrome, persistent pulmonary 
hypertension, severe respiratory distress syn-
drome, and sepsis. Although the use of ECMO 
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for these conditions has declined over the 
past decade as newer therapies such as high 
frequency mechanical ventilation and inhaled 

nitric oxide have become available, there has 
been an increase in its use following surgical 
repair of congenital cardiac defects and in neo-
natal and pediatric cardiac transplantation.1,2 
A wide variety of medications are necessary 
during ECMO; however, relatively little is 
known about their pharmacokinetic and phar-



JPPT

27J Pediatr Pharmacol Ther 2005 Vol. 10 No. 1 • www.ppag.org

macodynamic properties in this setting. Among 
the most important medications are those used 
for controlling coagulation. 

ANTICOAGULATION

The use of ECMO requires maintaining a 
delicate balance between the prevention of 
thrombosis and the avoidance of hemorrhage. 
Anticoagulation is necessary to maintain 
blood flow within the circuit during ECMO. It 
counteracts the activation of clotting mecha-
nisms, which may occur as the result of the 
interaction between circulating blood and the 
foreign surfaces of the equipment as well as 
from damage to vascular endothelium.3 In 
spite of adequate anticoagulation, the risk 
for thrombosis remains high. In their Janu-
ary 2005 summary, the Extracorporeal Life 
Support Organization (ELSO) reported a 53% 
incidence of clots within the circuits of neonates 
on ECMO for respiratory illnesses and a 35% 
incidence in the circuits of neonates on ECMO 
for cardiac support.4 

Heparin
Systemic anticoagulation during ECMO is 

currently achieved with the administration 
of intravenous (IV) heparin. Heparin binds 
to antithrombin III (AT III) to inactivate fac-
tor Xa, thus inactivating thrombin and many 
other components of the clotting cascade. The 
administration of heparin remains empirical, 
as relatively little has been published in the 
medical literature regarding its use in ECMO. 
A loading dose of 75 to 100 units/kg is typically 
administered at the time of cannulation, fol-
lowed by an infusion of 25 to 40 units/kg/hr.1-3,5 
Heparin is known to bind to the ECMO circuit 
components, resulting in altered pharmacoki-
netic parameters of heparin. In 1990, Green 
and colleagues found that the average clear-
ance was 3.8 ± 1.9 mL/kg/min in five infants 
receiving ECMO.5 This was nearly the same 
clearance noted for the combined values from 
the patients after ECMO (1.6 ± 0.5 mL/kg/min) 
and the separated circuits (2.1 ± 0.8 mL/kg/min). 
The authors concluded that more than half of 
the heparin administered during ECMO was 
eliminated by the circuit. Heparin-coated cir-
cuit components are available which minimize 
binding of IV heparin to the lumen surface and 

reduce platelet adhesion. Although the effective-
ness of this technique is still being evaluated, 
these heparin-impregnated circuits may reduce 
the risk for hemorrhage, as well as decrease the 
need for systemic heparinization.3,6 

In order to provide adequate anticoagula-
tion without producing hemorrhage, the co-
agulation status of patients on ECMO must 
be closely monitored. Bedside monitoring of 
activated clotting time (ACT) is currently the 
most common approach, with a target range of 
180 to 225 seconds in standard neonatal and 
pediatric cases.1 The use of activated partial 
thromboplastin time (aPTT), while a more 
common test in settings other than ECMO, is 
often limited by the inability to conduct test-
ing quickly and inexpensively at the bedside. 
Platelet counts are typically maintained at or 
near 100,000 cells/mm3.1,2 

While excessive bleeding is the primary 
adverse effect associated with heparin admin-
istration, patients can develop other complica-
tions, such as immune-mediated heparin-in-
duced thrombocytopenia (HIT). With HIT there 
is an increase in thrombin generation, placing 
the patient at risk for arterial or venous throm-
bosis. There has been an increasing number of 
reports of HIT in children during the last de-
cade, most of which have been associated with 
cardiac surgery.7 While there have been only a 
few case reports of HIT during ECMO, one case 
resulted in patient death.8 The low number of 
reports may be related to the difficulty in rec-
ognizing HIT since thrombocytopenia can be 
attributed to a number of other factors during 
ECMO. Clinicians should consider the pos-
sibility of HIT in any patient with significant 
thrombocytopenia. The management of HIT 
includes discontinuing heparin, which prevents 
the conformational changes on platelet factor 
4 thereby allowing platelets to form antigenic 
sites to circulating immune globulin. Heparin 
must then be replaced with an alternative 
anticoagulant.7 Two direct thrombin inhibi-
tors (DTIs), argatroban and lepirudin, have 
been used successfully in ECMO patients that 
developed HIT. A third DTI, bivalirudin, may 
also prove to be useful in this setting.

Argatroban
The first DTI used to maintain ECMO circu-

lation was argatroban. It has been used suc-
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cessfully in both adult and pediatric patients. 
Argatroban is a synthetic arginine derivative. 
Like the other DTIs, argatroban reversibly 
inhibits both free and clot-bound thrombin. In 
2000, Kawada and colleagues described the use 
of argatroban during ECMO in two neonates.9 
Continuous infusions of argatroban at doses 
of 0.5 to 10 mcg/kg/min were used to maintain 
ACT values of approximately 200 seconds for a 
period of 6 days in one patient and 78 days in 
the other. There was no evidence of intracranial 
hemorrhage, bleeding from the cannula site, 
or thrombosis requiring replacement of circuit 
components. Scanning electron microscopy of 
an oxygenator after 14 days of ECMO revealed 
only a few platelets adhering to the external 
surface of the polypropylene hollow fibers. 
Based on their observations, the authors sug-
gested that argatroban may serve as a useful 
alternative anticoagulant during ECMO with 
less risk of systemic thromboembolization and 
hemorrhage. 

Another successful case was reported in a 32-
year-old adult on ECMO after acute rejection 
following cardiac transplantation.10 When the 
platelet count decreased from 278,000/mm3 to 
28,000/mm3, HIT was suspected and the pa-
tient was switched from heparin to argatroban. 
Therapy was initiated with a bolus of 10 mg 
followed by an infusion of 2 mcg/kg/min. The 
dose was adjusted to maintain ACT values 
between 200 and 400 seconds and aPTT values 
of 80 to 90 seconds. Argatroban successfully 
maintained adequate anticoagulation for 6 
days, without adverse effects. 

A third account of argatroban usage involved 
a 2.6 kg newborn placed on a ventricular assist 
device for 3 days after a Norwood procedure for 
hypoplastic left heart syndrome.11 During this 
period, heparin was infused at a rate of 16 to 
32 units/kg/hr. The patient was weaned off the 
ventricular assist device on postoperative day 
5. Two days later, the patient was placed on con-
tinuous veno-venous hemofiltration to mobilize 
fluids. Shortly after beginning hemofiltration, 
multiple clots developed and the platelet count 
dropped from 185,000 to 53,000/mm3. The di-
agnosis of HIT was made and the patient was 
converted to argatroban, with a 200 mcg/kg 
loading dose followed by an infusion of 3–7.5 
mcg/kg/min titrated to maintain aPTT values 
between 60 and 80 seconds. Five days later, 

the patient was placed back on the ventricular 
assist device. A 50-mcg dose of argatroban was 
added to the circuit prime, and the infusion 
was held for 4 hours to allow normalization 
of coagulation parameters. The infusion was 
restarted at 0.2 mcg/kg/min. Adequate antico-
agulation was maintained; ACT values were 
160 to 180 seconds. After 4 days, the ventricular 
assist device circuit was converted to ECMO. 
The argatroban infusion ranged from 0.05 to 
1.8 mcg/kg/min to maintain ACT values be-
tween 200–220 seconds. A pulmonary biopsy 
revealed a venous clot which appeared to date 
from the period of heparin administration. 
Thrombolysis with alteplase was attempted 
but produced excessive bleeding. Support was 
withdrawn 2 days later.

In addition to these cases, Tcheng and col-
leagues published an abstract describing their 
experience with six pediatric patients who 
received argatroban after developing HIT.12 
Four of the children (ages 15 months to 16 
years) were receiving ECMO. Argatroban was 
initiated at 0.5 to 2 mcg/kg/min and titrated 
up to a maximum of 3.5 mcg/kg/min in these 
patients. The duration of therapy ranged from 
1 to 39 days. In three of the cases, argatroban 
was terminated when ECMO was discontinued. 
In the remaining case, the patient resumed 
heparin therapy after HIT had been ruled out. 
All cases were considered to be adequately anti-
coagulated, and no complications were noted. 

Argatroban may also be useful in patients 
with low levels of AT III.9,13 The efficacy of 
heparin is dependent on the presence of AT 
III, and the reduction in AT III observed dur-
ing ECMO may explain, in part, the difficul-
ties in maintaining adequate anticoagulation. 
Unlike heparin, DTIs do not require AT III 
as a cofactor and, therefore, may provide a 
more consistent level of anticoagulation dur-
ing ECMO. In 2002, Yonekawa and colleagues 
conducted an in vitro assessment of five ECMO 
circuits: one primed with 500 units heparin, 
one primed with 1 mg argatroban and one with 
the combination of the two anticoagulants.13 
The circuits were then primed according 
to standard procedures. The authors found 
equivalent ACT values in all three circuits 
throughout the 6-hour evaluation period. Ad-
ditional measurements of clotting function, 
D-dimer, thrombin-antithrombin complex, and 
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prothrombin fragment 1+2 were also similar. 
The authors concluded that argatroban may 
provide a similar degree of anticoagulation to 
heparin and recommended that clinical trials 
be conducted to compare the two agents. 

While these initial reports suggest that arg-
atroban can be successfully used to maintain 
anticoagulation during ECMO, an abstract 
presented at the 2004 meeting of the Pediatric 
Academic Societies describing 45 courses of 
argatroban in pediatrics patients with HIT 
included one patient on ECMO who developed 
thrombi in the circuit oxygenator.14 Controlled 
clinical trials with argatroban are needed to 
better define an optimal dosing strategy and 
to establish the relative risk for thrombosis. 
Until these trials are available, argatroban 
should be reserved for patients with HIT or 
other contraindications to heparin.

Lepirudin
Deitcher and colleagues reported the first use 

of lepirudin, another DTI, in a patient receiv-
ing ECMO in 2002.15 A 4-year-old patient with 
dilated cardiomyopathy and worsening cardiac 
failure developed HIT while on heparin await-
ing cardiac transplantation. After the diagno-
sis, anticoagulation was switched to lepirudin, 
with an infusion starting at 0.15 mg/kg/hr and 
titrated to maintain an aPTT 1.5 to 2.5 times 
the normal value. After three days, the patient 
developed pulmonary failure and was placed on 
ECMO. Lepirudin was discontinued and hepa-
rin was begun. Within 24 hours, the platelet 
count again dropped, a clot was noted in the 
ECMO circuit and heparin was discontinued. 
The patient was given a 0.4 mg/kg loading dose 
of lepirudin and the circuit was primed with 0.4 
mg of lepirudin for every 75 mL blood volume 
and an unspecified dose of lepirudin as an infu-
sion was resumed. Therapy was continued for 
another 13 days. No hemorrhagic or thrombotic 
complications were noted; however, the patient 
expired 5 hours after cardiac transplantation 
from excessive postoperative blood loss.

In 2004, Dager and colleagues reported the 
use of lepirudin in a 17-year-old patient on 
ECMO.16 The patient was receiving ECMO, 
with heparin as the anticoagulant, after de-
veloping sepsis and progressive pulmonary 
failure following a motor vehicle accident. 
The patient’s platelet count after initiation of 

ECMO was 116,000/mm3, but gradually de-
clined to 44,000/mm3 over the next five days. 
An enzyme-linked immunosorbent assay was 
highly positive for HIT antibodies. The heparin 
infusion was discontinued and lepirudin was 
initiated with a bolus dose of 0.1 mg/kg followed 
by an infusion of 0.12 mg/kg/hr. The lepirudin 
infusion was titrated in 0.01 to 0.02 mg/kg/hr 
increments and reached 0.23 mg/kg/hr at its 
highest. Although no significant hemorrhage 
or thrombosis occurred, there was some minor 
bleeding when the aPTT ratio was greater 
than 2. After reducing the lepirudin dose, the 
patient’s aPTT ratio was maintained at two 
times control. Management of anticoagulation 
was complicated by the use of a heparin-coated 
circuit, but the authors believed a change to a 
non-coated circuit would pose an additional 
risk to the patient. After 6 days, ECMO was 
discontinued because of continued pulmonary 
failure and the patient expired.

Bivalirudin
A third DTI, bivalirudin, has also been sug-

gested as an anticoagulant for patients receiv-
ing ECMO. Although no case reports have yet 
been published, an in vitro study produced 
favorable results.17 Yonekawa and colleagues 
prepared three ECMO circuits according to 
standard procedures at their institution. One 
circuit was primed with 500 units of heparin, 
a second with 5 mg bivalirudin, and a third 
with 50 mg bivalirudin. As in their previous 
work with argatroban, all three circuits showed 
adequate anticoagulation. Thrombin genera-
tion was also similar among the three circuits. 
Levels of thrombin-antithrombin complexes 
and prothrombin fragment 1+2 were higher at 
the 6-hour observation period in both bivaliru-
din groups. The authors speculated that this 
increase was a reflection of the short half-life 
of the bivalirudin. Based on their results, the 
authors concluded that bivalirudin may be 
useful as another alternative to heparin in 
maintaining anticoagulation during ECMO.

THROMBOLySIS

Alteplase
Despite adequate anticoagulation, a signifi-

cant number of patients on ECMO still develop 
thromboses. Alteplase, a recombinant tissue 
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plasminogen activator, has been used in the 
neonatal and pediatric population to promote 
clot lysis. Unlike urokinase or streptokinase, 
alteplase has a specific affinity for binding to 
fibrin within a thrombus. The alteplase-fibrin 
complex promotes the binding of plasminogen 
to fibrin, generating plasmin at the site of the 
thrombus without producing significant effects 
on circulating plasminogen. In addition to its 
specificity, alteplase also offers the advantage 
of a short elimination half-life (3 to 9 minutes). 
In the event of a hemorrhagic complication, 
discontinuation of therapy will result in a rapid 
return to normal levels of plasminogen.18 

Three case reports described the use of al-
teplase in neonates on ECMO.19-21 Glover et al. 
reported using alteplase to resolve an occlusion 
of the left arm distal to the brachial artery.19 
The patient, a 2-day-old female with sepsis, 
developed clinical symptoms consistent with 
thrombus formation after 21 hours on ECMO. 
Alteplase was initiated with a bolus dose of 
0.48 mg/kg followed by an infusion of 0.27 mg/
kg/hr for 3 hours. When ultrasound failed to 
show significant improvement after the initial 
infusion, alteplase was continued for another 3 
hours. At the end of the second infusion, perfu-
sion had improved and a palpable pulse was 
present. A head ultrasound performed at that 
time revealed a grade I hemorrhage on the 
right. A day later, ECMO was discontinued and 
a subsequent head ultrasound showed almost 
complete resolution of the bleed. It is uncertain 
whether the intracranial hemorrhage was as-
sociated with the use of ECMO, alteplase, or the 
combination of the two therapies. The patient 
had no other complications potentially related 
to alteplase administration. 

A second case described a term infant with 
a left-sided congenital diaphragmatic hernia 
who was placed on ECMO for respiratory sup-
port.20 On the third day of ECMO, bleeding was 
noted from the urinary catheter and the infant 
became anuric. An ultrasound revealed a large 
clot in the bladder. The patient’s coagulation 
status on ECMO was considered to be stable. 
Over the next four days, repeated doses of 0.5 or 
1 mg alteplase (0.17 to 0.34 mg/kg) were diluted 
with normal saline and instilled into the blad-
der. After each dose, the catheter was clamped 
for one hour and then allowed to drain. Two 
days after apparent resolution of the bladder 

clot, an aortic clot was identified in the arte-
rial cannula. In addition to adjustment of the 
heparin infusion, a loading dose of 0.5 mg/kg 
alteplase was administered and was followed 
by an infusion of 0.17 mg/kg/hr for 3 hours. The 
dose was then decreased to 0.03 mg/kg/hr for 
a total duration of 48 hours. Following resolu-
tion of the aortic clot, an ultrasound revealed 
clot retention again in the bladder. Alteplase 
(1 mg) was again administered intravesically 
and repeated 8 hours later. The patient had no 
further complications and ECMO was discon-
tinued on day 15. 

Alteplase was also used in the lysis of an 
aortic and renal artery thrombus in a neonate 
on ECMO.21 The patient was a female with a 
left-sided congenital diaphragmatic hernia. On 
the seventh day of ECMO, ultrasound revealed 
a thrombus in the abdominal aorta from the 
level of the diaphragm down to the bifurcation. 
Both kidneys showed signs of ischemic injury. 
The umbilical artery catheter was removed 
and hemodialysis was initiated. On day 12, 
alteplase was initiated with a dose of 0.5 mg/
kg/hr and continued for 12 hours. Follow-up 
ultrasound revealed resolution of the aortic 
clot and improvement in renal blood flow. There 
was no evidence of adverse effects. The patient’s 
respiratory condition, however, continued to 
deteriorate and support was withdrawn after 
18 days of ECMO.

PREVENTION OR TREATMENT OF 
EXCESSIVE BLEEdING

While avoiding thrombosis is a major con-
cern during ECMO therapy, the prolonged 
maintenance of systemic anticoagulation is not 
without risk. Hemorrhage is one of the most 
serious complications of ECMO. In their most 
recent report, the Extracorporeal Life Support 
Organization (ELSO) documented a 15% inci-
dence of bleeding at surgical and cannula sites 
in neonates on ECMO for respiratory or cardiac 
causes. In addition, there was a 5.8% incidence 
of intracranial hemorrhage in the neonatal 
respiratory ECMO population and a 9.4% 
incidence in neonates receiving ECMO after 
cardiac surgery.4 Hemorrhage during ECMO 
may result from excessive administration of 
anticoagulants, surgical blood loss, or coagu-
lopathy related to hemodilution, thrombocyto-
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penia and impaired platelet function, deficiency 
of clotting factors, and hyperfibrinolysis.1 

Epsilon Aminocaproic Acid
Epsilon aminocaproic acid (EACA) is a syn-

thetic lysine analog that suppresses fibrinolytic 
activity by fitting into the lysine-binding site 
of plasminogen and preventing the binding of 
plasminogen to fibrin. In addition, EACA pre-
vents plasmin-mediated degradation of platelet 
glycoprotein Ib receptors, preserving platelet 
function.22,23 It has recently been suggested that 
EACA also promotes release of endogenous 
α2-antiplasmin, which exerts an additional 
antifibrinolytic effect through neutralization 
of free plasmin.24,25 For more than a decade, 
EACA has been used to decrease the bleeding 
complications associated with ECMO.26-28 In 
1993, Wilson and colleagues published their 
early experience with EACA in 42 infants on 
ECMO, comparing them to a group of 68 his-
torical controls.26 The group receiving EACA 
were given a bolus dose of 100 mg/kg IV at the 
time of cannulation, followed by an infusion 
of 30 mg/kg/hr until decannulation. Patients 
receiving EACA had significantly less bleeding 
while on ECMO (P = .03) and required fewer 
exogenous blood products (P = .01). The dif-
ference between EACA treatment and control 
was greatest in the congenital diaphragmatic 
hernia and cardiac patients, and was not sig-
nificantly different in the patients with meco-
nium aspiration syndrome. The incidence of 
intracranial hemorrhage was also significantly 
different (P = .007), with none of the EACA 
patients developing bleeds compared to 12% of 
the controls. There was a trend towards more 
thrombotic complications in the EACA group, 
but the difference was not statistically or clini-
cally significant. In order to reduce the risk for 
thrombosis, the authors recommended using 
EACA only when the circuit flow is at least 
100 mL/kg/min. Based on this early report, 
many institutions have implemented EACA 
protocols for their ECMO patients at high risk 
for bleeding. 

In 1998, Horwitz and colleagues attempted to 
replicate these results in a prospective study.27 

They conducted a multicenter, randomized, pla-
cebo-controlled study of EACA in 29 infants on 
ECMO. Thirteen neonates were randomized to 
receive EACA as a 100 mg/kg IV bolus followed 

by a 25 mg/kg/hr infusion for 72 hours, and 16 
received placebo. Although the results were 
not statistically different, there was a higher 
incidence of intracranial hemorrhage in the 
patients receiving EACA (23% versus 12.5% 
in controls). Thrombotic complications devel-
oped in only two patients, both in the placebo 
group. The authors concluded that EACA did 
not appear to decrease the risk of intracranial 
hemorrhage during ECMO.

In 2003, Wilson’s group published a ten-
year retrospective review of their cumulative 
experience with EACA in high risk neonates 
on ECMO.28 During the period from 1991 to 
2001, 431 neonates were placed on ECMO. Of 
those, 298 patients (69%) were given EACA. 
The most frequent reason for use was the 
need to perform surgical procedures during 
ECMO. Comparing the results of their EACA 
patients to cumulative patient data from the 
ELSO registry, the authors found no significant 
difference in the rate of intracranial hemor-
rhage, but there was a significant reduction in 
blood loss associated with surgical procedures 
(10% in the EACA patients versus an average 
of 30% in the ELSO registry data). The rates 
of thrombotic complications were no different 
between the EACA patients and controls, with 
a 4% rate of cerebral infarction in EACA pa-
tients versus 5% in controls and a 3% rate of 
vessel thrombosis versus 1% in controls. The 
EACA patients required more frequent circuit 
changes and were on ECMO for a significantly 
longer period of time. The authors concluded 
that although EACA did not reduce intracra-
nial hemorrhage, it was effective in reducing 
surgical blood loss. They suggested that EACA 
may be most beneficial in patients who have 
had cardiac surgery and are at greater risk for 
surgical site bleeding. 

The most serious complication of EACA 
use in surgical patients is thrombosis, with 
resultant infarction, stroke, or pulmonary em-
bolism. Fatal thrombosis has been reported in 
both children and adults.29 Hocker and Saving 
reported fatal aortic thrombosis in a neonate 
receiving EACA during ECMO for congenital 
diaphragmatic hernia.30 The patient under-
went surgical repair on day of life 5 (hour 58 
of the ECMO course). Because of the risk for 
postoperative bleeding, the patient was given 
EACA, with a 100 mg/kg loading dose followed 
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by an infusion of 30 mg/kg/hr. At ECMO hour 
79, the patient had stiffness and blanching 
of the extremities, and small thrombi were 
noted in the arterial cannula. The patient was 
taken off ECMO and placed on conventional 
mechanical ventilation; EACA was discontin-
ued. An echocardiogram revealed a large aortic 
thrombus. The heparin infusion was increased 
and the patient was given urokinase, but 
went on to develop severe metabolic acidosis, 
anuria, hypotension, and bradycardia. The 
patient expired shortly after withdrawal of 
mechanical ventilation. Although the reasons 
for the extensive thrombosis were not clear, 
the authors suggested that the clot may have 
formed during a period when the ACT values 
were below the target range and the flow rate 
was less than 100 mL/kg/min.

 
Recombinant Factor VIIa

Recombinant factor VIIa (rFVIIa) is a vi-
tamin-K dependent glycoprotein structurally 
similar to human factor VII. In pharmacologic 
doses, rFVIIa promotes hemostasis at the site of 
injury without significant systemic activation of 
the clotting cascade. This local effect is initiated 
when cell-bound tissue factor is exposed dur-
ing vessel injury. Under normal circumstances, 
factor VII in the circulating blood volume 
binds with tissue factor and is activated. The 
resulting complex stimulates clot formation. 
Administration of rFVIIa results in formation 
of a similar complex with tissue factor, resulting 
in the activation of factors IX and X. It also in-
teracts with factor V to convert prothrombin to 
thrombin. The thrombin produced at the sight 
of injury not only stabilizes the clot, but also 
triggers further local response by stimulating 
surrounding platelet surfaces to activate and 
release additional clotting factors.31,32 

At this time, the only indication for rFVIIa 
approved by the Food and Drug Administration 
is the treatment of bleeding in patients with 
hemophilia A or B and inhibitors to factors VIII 
or IX.31 In clinical practice, rFVIIa has been 
shown to be useful in patients with coagulation 
disorders resulting from acquired hemophilia, 
thrombocytopenia, hepatic dysfunction, and 
oral anticoagulant overdose.32 In addition, rF-
VIIa has recently been found to be beneficial 
in the management of bleeding associated with 
trauma or surgery.32-34 Although the specific 

mechanism by which rFVIIa benefits patients 
without underlying hemophilia is not yet well 
understood, it has been suggested that increas-
ing the total concentration of activated factor 
VII may compensate for low circulating levels 
of factors V, VIII, and IX and prothrombin 
occurring in the face of significant blood loss. 
Administration of rFVIIa may also compensate 
for the loss of or damage to platelets that is 
known to occur during surgery and cardiopul-
monary bypass.32,34 

There are currently three reports of using 
rFVIIa during ECMO.35-37 In 2004, Verrijckt 
and colleagues described the successful use of 
rFVIIa in a neonate on ECMO.35 The patient 
was a term, 3.2 kg male with d-transposition 
of the great arteries. Following repair of his 
congenital cardiac defect, the patient exhibited 
persistent left ventricular failure. After fail-
ing to wean from cardiopulmonary support, 
he was transitioned to ECMO. During the 
first two postoperative days, the patient had 
severe bleeding from his chest tubes, despite 
repeated administration of blood products. Sur-
gical re-exploration failed to reveal a source. 
Aminocaproic acid (100 mg/kg IV) was admin-
istered without improvement. The authors 
then elected to administer rFVIIa at a dose of 
30 mcg/kg IV. The patient exhibited a sharp 
decline in bleeding without evidence of exces-
sive thrombosis. Chest tube bleeding declined 
from 9.1 to 3.5 mL/kg/hr after rFVIIa admin-
istration, while the platelet count increased 
from 8,999/mm3 to 125,000/mm3. The patient 
was weaned from ECMO on postoperative day 
5, but expired six days later due to continued 
left ventricular failure. 

Although successful in that report, the ad-
ministration of rFVIIa together with activated 
prothrombin complex concentrates (APCC) 
resulted in fatal thrombosis in an adult pa-
tient on ECMO after lung retransplantation.36 
In an effort to stem postoperative blood loss, 
the patient was given two 90 mcg/kg doses of 
rFVIIa without incident. Subsequent adminis-
tration of APCC, however, resulted in massive 
fatal thrombosis. Based on the length of time 
between rFVIIa doses and the development of 
thrombosis (approximately 6 hours) and the 
relatively short elimination half-life of rFVIIa 
(2 to 3 hours), the authors concluded that the 
thrombosis was more likely the result of APCC 
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use rather than factor VII replacement. 
A third report describes two cases, an 11-

year-old on ECMO after heart transplantation 
and a 13-year-old on ECMO for cardiopulmo-
nary failure resulting from necrotizing staphy-
lococcal pneumonia.37 The first patient received 
three doses of rFVIIa (90 mcg/kg/dose) and the 
second patient was given 10 doses. Hemostasis 
was achieved in both patients, with no evidence 
of thrombus formation in their ECMO circuits. 
While rFVIIa may become a useful tool to 
reduce bleeding in ECMO in the future, more 
research is clearly needed to establish a safe 
and effective dosing regimen and to define the 
potential for adverse effects.

SUMMARy

Optimizing the degree of anticoagulation 
during ECMO requires maintenance of a care-
ful balance between prevention of thrombosis 
and avoidance of hemorrhage. Heparin remains 
the anticoagulant of choice, but DTIs, such 
as argatroban, lepirudin, or bivalirudin, may 
play a significant role in ECMO in the future. 
At the present time, these agents are consid-
ered only as alternative therapies for patients 
with heparin-related adverse effects, but may 
become first-line agents as experience with 
their use in ECMO grows. The management of 
excessive bleeding is also expanding to include 
new agents, such as rFVIIa, in addition to the 
standard use of aminocaproic acid. Over the 
next decade, it is likely that these newer agents 
will become important tools in the manage-
ment of patients on ECMO.
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