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The early use of fibrinogen, prothrombin complex concentrate,
and recombinant-activated factor VIIa in massive bleeding
Dietmar Fries

INTRODUCTION
BACKGROUND: Coagulopathy related to massive
bleeding has a multifactorial aetiology. Coagulopathy is
related to shock and blood loss including consumption
of clotting factors and platelets and hemodilution. Additionally hyperfibrinolysis, hypothermia, acidosis, and
metabolic changes affect the coagulation system. The
aim of any hemostatic therapy is to control bleeding
and minimize blood loss and transfusion requirements.
Transfusion of allogeneic blood products as well as the
presence of coagulopathy cause increased morbidity
and mortality.
STUDY DESIGN AND METHODS: This paper presents
a short review on new treatment strategies of coagulopathy, related to massive blood loss.
RESULTS: Paradigms are actively changing and there
is still shortage of data. However, there is increasing
experience and evidence that “target controlled algorithms” using point-of-care monitoring devices and
coagulation factor concentrates are more effective compared to transfusion of fresh frozen plasma, independently of the individual clinical situation.
CONCLUSION: Future treatment of coagulopathy associated with massive bleeding can be based on an individualized point-of-care guided rational use of
coagulation factor concentrates such as fibrinogen, prothrombin complex concentrate, and recombinant factor
VIIa. The timely and rational use of coagulation factor
concentrates may be more efficacious and safer than
ratio-driven use of transfusion packages of allogeneic
blood products.

Coagulopathy kills trauma patients! In patients with identical Injury Severity Scores, mortality is virtually doubled if
patients suffer from coagulopathy. The main goal of any
hemostatic intervention is to promptly secure hemostasis,
minimize blood loss, and avoid unnecessary transfusion
of allogeneic blood products.1
Massive bleeding treatment protocols include packages of allogeneic blood products. However, transfusion of
allogeneic blood products is known to increase morbidity
and mortality.2 In a recently published study, application
of massive transfusion protocol was not able to protect
patients from trauma-induced coagulopathy.3

FRESH FROZEN PLASMA (FFP)—THE
GOLDEN STANDARD?
The transfusion of FFP remains the standard therapy for
the prevention and treatment of plasmatic coagulation
disorders in case of massive bleeding. Compared with
coagulation factor concentrates, FFP is available nearly all
over the world and combines the effect of coagulation
therapy and volume substitution.
Several side effects related to the administration of
FFP have to be considered: It is obvious that the administration of FFP is unavoidably associated with volume
expansion (FFP corresponds to an 8.5% protein solution)
and that large quantities of FFP are needed (>30 mL FFP/
kg) to achieve a clinically meaningful rise in coagulation
factor concentrations in the presence of a deficit and
ongoing loss. In a coagulopathic but normovolemic
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patient, the resulting volume overload can lead to the
clinical situation of transfusion-associated cardiac overload (TACO), particularly in patients with cardiac failure,
renal impairment, and liver disorders. Furthermore, a
series of retrospective studies showed that the rate of
severe infections and respiratory complications was distinctly increased in patients who received FFP.4-6 This
effect was also proven to be dose dependent in a prospective cohort analysis.7 If administered in large quantities,
FFP causes citrate overload (coagulopathy, decreased
ejection fraction, arrhythmias, and increased neuromuscular excitability). Another concern with FFP transfusion
is the risk of transfusion-related acute lung injury (TRALI),
which is now one of the most common fatal side effects of
blood transfusion. Because of the logistics involved, there
is also a delay of about 45 minutes until requested units of
FFP are obtained. With regard to the quantity or the ratio
of red blood cell concentrate and/or FFP transfused, the
literature contains a highly diverse array of recommendations that describe institution-related algorithms but do
not refer to prospectively collected data.

COAGULATION FACTOR CONCENTRATES
Compared with FFP, coagulation factor concentrates are
immediately available, contain a defined concentration
of the relevant factors, can be administered without
volume overload, and may be regarded safe in relation
to the transmission of viral diseases and induction of
TRALI and TACO. Nevertheless, large prospective randomized controlled trials are still missing to prove their
efficacy.

FIBRINOGEN CONCENTRATE
In severe traumatized and massively bleeding patients,
fibrinogen usually reaches critical levels at an early stage.
Clinical data from gynecology,8 neurology,9 and cardiac
surgery10 show that the perioperative and postoperative
hemorrhagic tendency is increased when fibrinogen levels
are below 150-200 mg/dL. Data on the efficacy of fibrinogen concentrates in acquired fibrinogen deficiency are
limited. In vitro studies and experimental investigations,
as well as reports from postmarketing surveillance and
retrospective data analyses,11-17 have shown consistently
that fibrinogen can increase clot firmness and improves
survival of severely injured massively bleeding patients or
soldiers.18 Four small prospective clinical studies examined the use of fibrinogen concentrate (thrombelastometry [ROTEM, TEM Innovation, Munich, Germany],
assisted in two studies). In all four studies, coagulation
was optimized, perioperative bleeding was reduced by
32%, and transfusion requirement was significantly
reduced.19-22
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PROTHROMBIN COMPLEX
CONCENTRATE (PCC)
PCC has been used for many years for the treatment of
congenital coagulation disorders and is recommended for
reversing oral anticoagulation. PCCs contain coagulation
factors II, VII, IX, and X. There are differences among products in the concentrations of these factors and other constituents including heparin, protein C, and protein S.
Reduced thrombin formation and an associated need for
PCC must be expected if the activity of the procoagulants,
and prothrombin especially, is <30%. This generally only
occurs with blood losses >150%-200% of the estimated
blood volume. Critical levels can be detected with the use
of standard coagulation tests (prothrombin time < 30%)
or thrombelastography and/or ROTEM.23,24 A liberal
administration practice of PCC might be associated with
an increased risk for thromboembolic complications as
shown in two animal trials.25,26 Until now, the efficacy of
PCC in massive bleeding has not been proven in any prospective controlled study. The author wants to caution an
uncritical application of PCC in clinical practice.

RECOMBINANT-ACTIVATED FACTOR
VIIa (NovoSeven)
Recombinant-activated factor VIIa (rFVIIa, NovoSeven,
Novo Nordisk, Copenhagen, Denmark) is licensed as a
bypassing agent for treatment of patients with hemophilia
and inhibitory antibodies. In controlled randomized clinical trials including trauma,27,28 surgery, garointestinal
bleeding, etc., rFVIIa failed to improve outcome. However,
througout the past decade, rFVIIa has been successfully
used off label in numerous cases of trauma- and surgeryrelated bleeding.29-31 Patients with intracerebral
hematoma following a traumatic craniocerebral injury
showed a statistically nonsignificant trend toward
reduced posttraumatic hematoma increase after administration of rFVIIa.32 To achieve succesful effect from rFVIIa,
the product should be administered as early as possible,
i.e., at a time when the patient’s own hemostasis is not yet
severely compromised.33 Existing hypofibrinogenemia
and thrombocytopenia should, as far as possible, be corrected before administration, as thrombin formation
alone is not enough to produce a stable hemostatic plug.
Hypothermia and acidosis decrease the efficacy of
rFVIIa and should likewise be optimized if possible; acidosis in particular should be avoided. If the pH is <7.2,
therefore, buffer therapy should be administered. If hyperfibrinolysis is present or the accompanying clinical circumstances suggest this (e.g., postpartum bleeding, after
weaning from cardiopulmonary bypass pump, or after
administration of protamine), the patient should be
treated with antifibrinolytics and fibrinogen before rFVIIa
is used.34
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FUTURE PERSPECTIVES
Besides application of tourniquets, local hemostatic
dressings, and administration of systemic antifibrinolytics, future treatment of trauma-induced coagulopathy can
be based on an individualized point-of-care guided
rational use of coagulation factor concentrates such as
fibrinogen concentrate. The “timely and targeted” administration of coagulation factor concentrates might be more
effective than ratio-driven use of transfusion packages of
allogeneic blood products.35,36
Nienaber and colleagues compared the datasets from
severely injured and bleeding patients from the German
Trauma Data Registry and the Innsbruck Trauma Databank (Austria) in a matched pair analysis. The German
patients received FFP without coagulation factor concentrates, while the patients from Innsbruck received solely
coagulation factor concentrates (fibrinogen and/or PCCs)
guided by thrombelastometry without transfusion of any
FFP. The patients from Innsbruck had received substantially less red blood cells as compared with the German
patients (p < 0.005). The frequency for multiorgan failure
was significantly lower within the group that had received
exclusively coagulation factor concentrates (p = 0.015).24
The same results were found in a retrospective analysis
comparing retrospective data from the Salzburg Trauma
Center, Austria with data from the German Trauma Register. A thrombelastometry-guided coagulation management with the use of clotting factor concentrates
depending on the individual needs resulted in a decreased
rate of allogeneic transfusion.23,37
In summary, massive transfusion protocols are
unlikely to be suitable for all kinds of bleeding. Nevertheless, prospective randomized controlled trials are necessary to prove this hypothesis and to confirm the currently
available data. Right now, one prospective randomized
controlled double blinded study investigates the efficacy
of early administration of fibrinogen concentrate in severe
traumatized patients on the scene, while another prospective randomized controlled trial compares the use of FFP
with coagulation factor concentrates in severly injured
patients in the emergency room (for further information:
http://www.clotwork.at).
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