
Recombinant factor VIIa (rFVIIa, Novoseven®, Novo
Nordisk®, Denmark) is established for the management
of bleeding episodes in haemophiliac patients with

inhibitors.1,2 Interest has been growing in the use of this drug
for the management of severe intractable bleeding following
major trauma and surgery.3 The potential benefits of this drug
are that it is a recombinant product, avoiding the potential
immunological and infective complications of allogeneic
transfusion, and that it has a mechanism of action that should
limit its effects to the site of tissue injury.4-6

Cardiac surgical services are high users of allogeneic trans-
fusion, with up to 80% of patients undergoing even routine
cardiac surgery being given an allogeneic transfusion (Carbery
et al., NATA [Network for Advancement of Transfusion
Alternatives] Meeting, Rome, 2002). These patients are at
particular risk for coagulopathic bleeding as a result not only
of pre-operative drug-induced platelet dysfunction but also of
the effects of cardiopulmonary bypass (CPB), including hyper-
fibrinolysis, platelet dysfunction and a reduction in circulating
coagulation factors.7,8 During complex cardiac surgery all of
these effects are exacerbated by prolonged CPB and long
periods of hypothermia.

The management of coagulopathic bleeding after car-
diac surgery usually relies on the administration of allo-
geneic haemostatic products. This can be ameliorated by
stopping antiplatelet agents and warfarin before surgery
and the intra-operative  use  of antifibrinolytic agents
proven to reduce patient exposure to transfusion after car-
diac surgery.9-11 In the context of limited resources and an
increasing demand for allogeneic products, the search for
safe and effective alternatives to allogeneic transfusion is of
great importance.12,13

Site-specific action
Experimental trials of the mechanism of action of rFVIIa
demonstrated that it primarily has effects at the site of initial
injury. This was at first thought to work via a tissue factor-
dependent pathway, leading to activation of factor X and, in
the presence of FVa, the generation of thrombin.14 However,
more recent evidence suggests that the supra-normal levels of
rFVIIa administered clinically cause a thrombin burst following
the generation of a pro-thrombinase complex on the surface
of activated platelets (figure 1).  This can occur not only in the

absence of factors VIII and IX (explaining its efficacy in
haemophilia patients) but in the presence of thrombocy-
topaenia or platelet dysfunction.15,16

Interest in the use of rFVIIa in the non-haemophiliac pop-
ulation stemmed from the apparent ability of the drug to act
in a site-specific manner in the absence of some of the usual
factors required for coagulation. In other words it may repre-
sent a ‘universal haemostatic’.17 The first reported use of
rFVIIa outside haemophilia was the management of an Israeli
soldier who, following an extensive gunshot wound, had per-
sistent life-threatening bleeding in spite of multiple surgical
attempts at haemostasis coupled with large quantities of con-
ventional haemostatic products.18 A dose of 60 µg/kg of rFVIIa
was given ‘in a desperate attempt to control the bleeding’.
This had an immediate effect in reducing bleeding levels, and
the bleeding was fully controlled after one further dose of
rFVIIa. 

Since then, a case series of 19 patients (10 with blunt trau-
ma and nine with penetrating trauma) has been reported on
the successful use of rFVIIa in this setting.19 In this group of
patients four of the total did not respond to the rFVIIa and
exsanguinated, but overall there was a 68.4% survival rate.
There have also been experimental studies on pigs given
severe liver injuries that show the efficacy of rFVIIa in terms of
elevation of arterial pressure, reduction in blood loss and a
trend to survival advantage.20,21 A double-blind, randomised
controlled trial of the use of rFVIIa for traumatic bleeding is
due to be published soon.

Clinical evidence
In elective surgery, case reports on the successful use of rFVIIa
have included patients who were bleeding following liver
surgery and orthopaedic surgery.22,23 To date, only one ran-
domised, double-blind, placebo-controlled trial of the use of
rFVIIa in the non-haemophiliac population has been pub-
lished.24 This investigated the effect of rFVIIa on peri-operative
blood loss in 36 patients undergoing retropubic prostatecto-
my. The investigators found that peri-operative blood loss was
reduced in the groups given rFVIIa, with a significantly greater
effect at a dose of 40 µg/kg compared to 20 µg/kg. In the 40
µg/kg group no patients required allogeneic red cell transfu-
sion (p=0.001, when compared to placebo).

Cardiac surgical patients share some of the causative fac-
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tors for coagulopathic bleeding with other surgical and trau-
ma patients, notably hypothermia, activation of inflammation
and dilutional effects. However, as has been previously stat-
ed, they also have additional risks for the development of
coagulopathic bleeding, most especially from a functional
platelet defect. The published experience of rFVIIa in cardiac
surgery has included a total of 14 patients to date (12 adults
and two children).25-33 These case reports have included a wide
spectrum of cardiac surgical procedures. All patients received
rFVIIa on a compassionate basis to manage life-threatening
bleeding that was unresponsive to standard haemostatic
product transfusion and surgical intervention. Therapeutic
effect was achieved at a variety of doses ranging from 30
µg/kg to 107 µg/kg.25,27

Within our unit we have used rFVIIa for the management
of severe intractable cardiac surgical bleeding unresponsive to
standard therapy in 15 patients. Types of surgery included
root replacements, acute dissections, and combined valve
replacement and coronary grafting. Effective haemostasis
was secured in 11 patients, with an overall survival to hospi-
tal discharge of 60%.34 Recently, we have completed a ran-
domised, double-blind, placebo-controlled pilot study on the
elective use of rFVIIa in patients undergoing complex non-
coronary cardiac surgery where the patient was felt to be
highly likely to receive allogeneic transfusion. Following CPB
and reversal of the effects of heparin, patients were ran-

domised to receive either 90 µg/kg of rFVIIa or equivalent vol-
umes of normal saline. Two out of nine patients in the rFVIIa
group received an allogeneic transfusion, compared to eight
out of 10 patients in the placebo group (relative risk of trans-
fusion of 0.27; 95% CI 0.07–0.9; p=0.02).35 There were no
apparent thrombotic complications, and there was one death
in the placebo group from multiple organ failure.

There remain concerns regarding the use of rFVIIa in car-
diac surgical patients.36 Coronary plaques are known to
express tissue factor and therefore could pose a potential site
for the generation of thrombin following rFVIIa administra-
tion.37 In addition, there are concerns regarding potential gen-
eralised systemic activation of coagulation. To date, only small
numbers of patients with coronary artery disease have
received rFVIIa, and there have been no reported coronary
thrombotic events related to rFVIIa administration in this
group. No evidence for the generation of a generalised pro-
thrombotic state following rFVIIa administration has been
forthcoming. Most of the safety data on rFVIIa so far have
come from the haemophiliac population, in whom there have
been relatively few reported adverse events. Clear unequivo-
cal safety data for the non-haemophiliac population are not
yet available.

The future
Research so far on the use of rFVIIa to manage cardiac surgi-
cal bleeding (and other surgical and traumatic causes of
bleeding) is providing intriguing insights into its possible
applications in the future. For patients who were previously
considered to be at very high risk of receiving an allogeneic
transfusion, this drug may offer the potential for transfusion-
free surgery. However, at present the absence of large multi-
centred trials on the efficacy and safety of this drug in these
novel settings will limit its use to the management of bleed-
ing that is unresponsive to more conventional treatments.
Currently, we believe that if all other avenues for the man-
agement of life-threatening bleeding in the cardiac surgical
patient have been explored, then the use of rFVIIa should be
considered. 
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