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Transfusion Medicine 3

Coagulation factor concentrates: past, present, and future
Nigel S Key, Claude Negrier

Clotting factor transfusions are vital for people with diseases such as haemophilia. In the 1970s and 1980s, transfusions 
with pooled plasma led to a devastatingly high number of recipients becoming infected with blood-borne pathogens 
such as HIV and hepatitis C. This epidemic triggered the development of virus-free factor concentrates through a 
combination of improved donor selection and screening, eff ective virucidal technologies, and recombinant protein 
expression biotechnology. There is now a wide range of recombinant factor concentrates, and an impressive safety 
record with respect to pathogen transmission. However, remaining therapeutic challenges include the potential threat 
of transmission of prions and other pathogens, the formation of inhibitory alloantibodies, and the international 
disparity that exists in product availability due to diff erences in licensure status as well as prohibitively high costs. In 
the future, it is likely that bioengineered recombinant proteins that have been modifi ed to enhance pharmacokinetic 
properties or reduce immunogenicity, or both, will be used increasingly in clinical practice. 

Introduction
Inherited clotting factor defi ciencies are rare, with 
prevalences between 1 in 10 000 to 1 in 10 000 000. 
Acquired factor defi ciency states, however, are common, 
and are seen in many pathological conditions. 
Fresh-frozen plasma (FFP) and cryoprecipitate have 
traditionally been the mainstays of treatment for inherited 
coagulopathies. Their use is falling because of concerns 
over blood-borne pathogen transmission, but the 
products are still useful when no specifi c fractionated 
product is available (eg, factor V defi ciency), and in 
complex acquired coagulopathies characterised by 
defi ciencies of multiple clotting factors (eg, in bleeding 
from disseminated intravascular coagulation [DIC] or 
liver disease). Cryoprecipitate is enriched in cryoprotein 
factor VIII (FVIII), Von Willebrand factor (VWF), FXIII, 
fi bronectin, and fi brinogen. Where available, a 
pathogen-inactivated form of FFP is recommended.1 
However, no similarly treated cryoprecipitate products 
are available. 

Plasma that is fractionated to generate clotting factor 
concentrates falls into two categories: recovered plasma 
from whole blood donations (generally uncompensated) 
through licensed blood banks, and source plasma 
collected by apheresis, generally using paid donors. The 

range and specifi cs of viral testing of individual donors 
varies internationally, especially since many serological 
tests are gradually being replaced by direct viral genomic 
detection using nucleic acid testing. Typically, frozen 
source plasma is fi rst fractionated into cryoprecipitate by 
slow thawing. The “cryopaste” can then be used to 
manufacture FVIII concentrates by, for example, 
precipitation, gel permeation, or ion exchange 
chromatography, or by affi  nity chromatography using 
immobilised monoclonal antibodies. Cryo-poor plasma 
(plasma from which the cryoprecipitate has been removed 
can be further processed to prothrombin complex or 
other single factor concentrates, or both. 

During the late 1970s and early 1980s, the pooling of 
plasma from 2000 or more donors in clotting factor 
concentrates (with no virucidal steps) led to an 
international disaster, in which a large number of 
haemophiliac patients became infected by blood-borne 
viruses, particularly HIV and hepatitis C. An estimated 
9300 haemophiliacs in the USA (almost half the total 
number) were infected by HIV,2 and the proportion of 
those infected by hepatitis C was probably closer to 80%. 
As a result of this, virucidal methods—most commonly 
a combination of solvent detergent exposure, 
nanofi ltration, or exposure to heat either as a lyophilised 
product (“dry heat”) or in the aqueous phase 
(“pasteurisation”)—were introduced to inactivate 
infectious particles. However, despite the excellent safety 
record of these techniques in preventing transmission of 
lipid-enveloped viruses since the mid 1980s, non 
lipid-enveloped pathogens such as parvovirus B19 could 
survive the process and be transmissible.3,4 In addition, 
concerns remain regarding the possible transmission of 
prions by clotting factors, although no documented cases 
have been reported.5,6 

Internationally, there is considerable variation in the 
availability and licensed indications for many products. 
Both plasma-derived and recombinant FVIII and FIX 
have been widely available for several years. Other 
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Search strategy and selection criteria

We undertook a systematic search of articles published before 
September, 2006, in English using the PubMed database. 
Search terms included keywords such as “factor VIII”, “von 
Willebrand factor”, “prothrombin complex”, and “activated 
protein C”. These categorical search terms were 
cross-referenced with other keywords, including “inherited 
defi ciency”, “acquired defi ciency”, “plasma derived”, 
“recombinant”, “pathogen”, “treatment”, “thrombogenicity”, 
and “clinical trial”. To limit the number of references, review 
articles, and recent articles were given preference. 
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single-factor concentrates fractionated from pooled donor 
plasma such as fi brinogen, VWF, FVII, FXI, FXIII, and 
protein C are marketed in some countries. Recombinant 
forms of several other factors, including FVIIa, FXIII, 
antithrombin, and activated protein C are either available 
or are currently undergoing pre-licensing clinical trials. 
The World Federation of Hemophilia’s Registry of 
Clotting Factor Concentrates7 has a more exhaustive 
listing, details of plasma source, fractionation and 
virucidal methodologies, and additional pertinent 
information about individual products. This article will 
review the range of contemporary coagulation factor 
products and their uses in inherited and acquired 
disorders.

Clotting factor concentrates in inherited and 
acquired bleeding disorders
The treatment goal in these disorders is usually to replace 
the missing coagulation factor from external sources.8 
The conventional treatment approach is episodic, in 
which the missing factor concentrate is administered as 
soon as possible after the onset of bleeding. Occasionally, 
a prophylactic approach is used, in which the coagulation 
factor is given according to a regularly prescribed 
schedule to prevent bleeding. 

In primary prophylaxis, the concentrate is given from 
an early age to prevent expected complications (such as 
repeated haemarthroses in haemophilia, or intracerebral 
haemorrhage in FXIII defi ciency), whereas secondary 
prophylaxis is begun after such events occur, to prevent 
recurrence.9 The rationale for primary prophylaxis in 
haemophilia has recently been validated in a prospective 
randomised controlled trial in the USA.10 A 
dose-escalated prophylaxis regimen for haemophilia 
(increasing the frequency from once weekly until 
breakthrough bleeds are controlled) has been 
investigated.11 The once a week regimen resulted in 
fewer bleeds (and fewer “target joints”) than historical 
controls. 

As a general rule, one unit of FVII, FVIII, FXI, FXIII, 
or VWF per kg body weight will raise the respective factor 
activity in the recipient’s plasma by 1·5–2·0 IU/dL 
(1·5–2·0%), whereas the expected recovery for FIX is 
0·7–1·4 IU/dL/U/kg infused. 

As transmission of blood-borne pathogens has 
decreased, the development of inhibitory antibodies to 
the transfused clotting factor has become the most 
serious treatment complication, with a cumulative 
incidence up to 30% in previously untreated patients 
with severe haemophilia A with fi rst-generation12–14 and 
second-generation rFVIII.15 Although the risk of 
developing inhibitory antibodies is partly determined by 
the specifi c underlying mutation and severity of the 
defi ciency, concerns remain about the relative 
immunogenicity of various types of concentrate. In 
Europe, the development of inhibitory antibodies in low 
risk patients after introduction of modifi ed plasma-derived 
FVIII (pdFVIII) concentrates have been reported in two 
well documented case series reports.16,17 A 2006 retro-
spective (albeit non-randomised) study from France con-
tinues to raise the question that pdFVIII might be less 
likely to lead to inhibitor development than rFVIII.18

FVIII concentrates
Satisfactory management of haemophilia only became 
possible with the development of plasma-derived clotting 
factors concentrates in the late 1960s.19,20 In the subsequent 
two decades, FVIII and FIX concentrates were produced 
exclusively from human plasma. Plasma from multiple 
donors was pooled, but this practice was a major 
contributor to the transmission of blood-borne infectious 
agents such hepatitis B, hepatitis C21–23 and HIV.24–26 The 
subsequent evolution of coagulation-factor replacement 
therapy focused on maximising viral safety through the 
widespread implementation of donor selection and 
screening tests and of chromatographic purifi cation and 
viral inactivation steps (fi gure). 

In the early 1980s, the cloning and sequencing of 
FVIII initiated the development of rFVIII.27,28 Human 
rFVIII can only be produced using mammalian cell-
culture systems (Chinese hamster ovary cells or baby 
hamster kidney cells) due to the complex glycosylation 
and other post-translational modifi cations required for 
its full cofactor activity. Scale-up of production and 
purifi cation processes led to the commercial production 
of the fi rst full-sequence length rFVIII products—a 
major biotechnological achievement. In addition, 
culture media, which used to contain human and 
animal-derived proteins, now contain chemically 
synthesised or genetically engineered molecules instead. 
The puri fi cation process removes impurities derived 
from the medium and cultured cells, and concentrates 
the rFVIII molecule through various chromatographic 
steps. All currently available rFVIII products are purifi ed 
using immunoaffi  nity chromatography using a murine 
monoclonal antibody directed against human FVIII. 
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Although viral transmission has never been recorded 
with any rFVIII product, a theoretical risk of transmitting 
a human-derived infectious agent still remains in the 
fi rst-generation products, in which human and animal 
proteins were not completely eliminated from the 
production process. In addition, emerging non-viral 
pathogens such as the prion responsible for variant 
Creutzfeldt-Jakob disease (vCJD) must be considered, 
and reducing the risks of pathogen transmission 
continues to be a high priority for the haemophilia 
community.6,29 

Recombinant FVIII products have excellent haemostatic 
effi  cacy in both previously untreated and treated 
haemophilia A patients. Since the manufacture of rFVIII 
is not limited by plasma availability, the improved supply 
of FVIII in developed countries has contributed to 
increased application of prophylactic treatment regimens 
and subsequent improvement of functional outcomes.9,30

FIX concentrates and prothrombin complex concentrates
FFP or plasma derivatives (prothrombin complex 
concentrates [PCCs]; otherwise known as intermediate 
purity FIX concentrates) were used as the source of FIX 
in haemophilia B. Prepared either by Cohn fractionation 
or calcium adsorbtion of plasma, PCCs were fi rst 
introduced in the early 1970s (fi gure).31,32 These agents are 
enriched in prothrombin and factors VII, IX, and X, and 
also contain trace amounts of factors VIII, VIIa and IXa. 
However, the specifi c content of each clotting factor, 
particularly FVII, varies by concentrate.33,34 The 
anticoagulant vitamin K-dependent factors protein C and 
protein S are also present at variable concentrations. 

Thrombotic events, including venous thromboembo-
lism and DIC,35–37 as well as microvascular thrombosis 
and myocardial infarction38 have been reported with the 
use of PCCs. These complications seem to occur 
especially, but not exclusively, with the use of frequent or 
high dose (>200 U/kg/day) administration. Particular 
concern for a raised risk of thrombotic complications 
and DIC has been expressed with regard to patients with 
severe liver disease, possibly because of their failure to 
adequately clear activated clotting factors from the 
circulation.34,36,39 Consequently, measures to reduce the 
thrombogenicity of these concentrates were taken by the 
manufacturers that included the addition of heparin, and 
antithrombin or protein C, or both. 

About 15 PCCs are marketed worldwide.7 Vial potency 
labeling and dosing recommendations for PCCs are 
based on IUs of FIX. One IU of FIX corresponds to the 
activity of FIX in 1 ml of fresh normal human plasma. 

The use of PCCs in haemophilia B fell after the 
introduction of high purity pdFIX (and subsequently 
rFIX) products in the 1990s. By contrast with PCCs, 
infusion of these high-purity FIX products did not lead to 
any signifi cant activation of the coagulation system,40 
confi rming that a component other than FIX is 
responsible for the thrombogenicity of PCCs in 

haemophilia B. Evidence suggests that it could be excess 
prothrombin, rather than the content of activated factors 
VII, IX, or X in these concentrates that is primarily 
responsible for thromboembolic complications.41,42 

PCCs remain a useful treatment for other inherited 
and acquired coagulation factor defi ciency states, for 
example, in the prevention or treatment of bleeding in 
inherited factor X or II (prothrombin) defi ciency.43 The 
use of PCCs as an alternative to FFP has also been 
reported in some complex acquired bleeding disorders, 
including dilutional coagulopathy from massive trans-
fusion,44 bleeding after cardio-pulmonary bypass surgery,45 
and the coagulopathy of acute fulminant and chronic 
liver failure.46,47 However, there are few reports of all these 
situations, and neither the risk-benefi t profi les nor the 
optimal dosing regimens have been established. 

The human FIX gene was cloned in the early 1980s, 
which led to the expression of human rFIX in CHO 
cells.48,49 Recombinant FIX (Nonacog alfa, Wyeth, PA, 
USA) is structurally and functionally similar to pdFIX, 
although minor diff erences in the post-translational 
sulfation and phosphorylation of rFIX have been 
associated with about 30% lower in vivo recovery, 
especially in children ≤15 years of age.50 International 
clinical trials have demonstrated the effi  cacy and safety of 
rFIX for the treatment of haemorrhages as well as in 
prophylactic and surgical settings in previously treated 
patients (PTPs) and in previously untreated patients 
(PUPs) with haemophilia B.50 

The bypassing agents: FEIBA and recombinant factor 
VIIa (rFVIIa)
The need for therapies to control bleeding in haemophilia 
patients aff ected by high titre inhibitors to FVIII or 
FIX—that is, to “bypass” the FVIII/IX complex in 
coagulation—led to a number of early clinical trials 
exploring the effi  cacy and safety of PCCs51–53 (table 1). In 
the 1970s, the fi rst activated PCCs were developed. These 

Study groups Doses (n) Total patients 
(n)

Response 
rate* (%)

198053 Konyne 1 157 47%

Proplex 1 53%

Placebo 1 25%

198152 FEIBA‡ 1 or 2 150 64%†

Prothromblex 1 or 2 52%

198351 Autoplex‡ 1 82 52%

Proplex 1 56%

200754 FEIBA-VH‡ 1 48 81%

rFVIIa 2 79%

*Generally assessed by subjective judgment at 6 h post-infusion. †p<0·05. 
‡Activated PCC.

Table 1: Randomised clinical trials of bypassing agents (prothrombin 
complex concentrates (PCC), activated PCCs, and rFVIIa) in the 
treatment of mild to moderate bleeds in haemophilia complicated by 
an inhibitor
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products were manipulated ex vivo to increase the content 
of activated clotting factors, especially FVIIa. At present, 
only one product, FEIBA (an acronym for Factor Eight 
Inhibitor Bypassing Activity) VH anti-inhibitor coagulant 
complex (Baxter Bioscience, Vienna, Austria) is available 
for this indication. 

The vial potency labelling is in arbitrary units of FVIII 
inhibitor bypassing units, where one unit of FEIBA-VH 
shortens the activated partial thromboplastin time (aPTT) 
of high-titre FVIII reference plasma to 50% of the blank 
value. The drug’s mechanism of action is now believed to 
be dependent on its content of prothrombin and FXa.55 
Empirically, FEIBA is administered at doses of 
50–75 units/kg every 8–12 h, with a recommended 
maximum daily dose of 200 units/kg. Three early-1980s 
prospective randomised clinical trials on the early 
treatment of acute haemarthrosis established the effi  cacy 
and safety of PCCs and factor VIII inhibitor bypassing 
fraction.52–54 

Notably however, the response rate, judged subjectively 
by joint pain resolution, was only 50–60% at 6 h after the 
fi rst infusion (with signifi cantly higher rates of response 
for the drug compared with a non-activated PCC), 
compared to a placebo response rate of 25% (see table 1). 
These response rates at 6 h are signifi cantly lower than 
would be expected when using FVIII to treat acute 
haemathrosis in haemophilia A uncomplicated by an 
inhibitor. With repeated dosing over longer periods 
however, the effi  cacy rate for FEIBA in the management 
of acute bleeding events is substantially higher, generally 
more than 85%.56,57 

While partial correction of the prolonged aPTT is 
typical in haemophilia patients treated with FEIBA, this 
parameter does not represent a clinically useful 
laboratory monitoring strategy. Two studies in the past 
few years have assessed alternatives, including thrombo-
elastography and thrombin generation profi les 
(“endogenous thrombin potential”) in whole blood and 
plasma, respectively.58,59 

Recombinant factor VIIa (rFVIIa; Eptacog alfa 
[activated], Novo Nordisk, Bagsvaerd, Denmark) is 
almost structurally identical to native FVIIa. This agent 
is widely licensed for the management of bleeding in 
haemophilia A or B complicated by inhibitory antibodies 
(at doses of 90–120 µg/kg) and for inherited FVII 
defi ciency (at a dose of 15–30 µg/kg), and in Europe for 
bleeding in Glanzmann’s thrombasthaenia with 
refractoriness to platelet transfusions due to antibodies 
to GP IIb-IIIa or HLA. In the haemophilias, high dose 
rFVIIa is believed to act by producing a “thrombin burst” 
on the surface of activated platelets by proteolytic 
activation of factors IX and X (and ultimately 
prothrombin) in the absence of tissue factor.60 

Although some data have suggested increased effi  cacy 
with even higher doses of rFVIIa (usually 270 µg/kg) in 
haemophilia-related bleeding,61 supportive data from 
prospective randomised clinical trials have thus far only 

shown equivalence.62 Like FEIBA, the haemostatic 
effi  cacy rates for rFVIIa vary depending when after 
administration it is judged; indeed, a recent multi-
national randomised cross-over clinical trial (FENOC54) 
demonstrated equivalence of a 85 U/kg dose of factor VIII 
inhibitor bypassing fraction and two 105 µg/kg doses of 
rFVIIa. Response to both was judged to be “eff ective” in 
about 80% of cases at 6 h (table 1). Regardless of the 
indication, administration of rFVIIa invariably results in 
shortening of the prothrombin time, although this does 
not correlate with haemostatic effi  cacy. As with factor VIII 
inhibitor bypassing fraction, a validated method for 
monitoring rFVIIa is an area of active investigation.63 The 
precise indications for the use of bypassing agents in 
haemophilia, as well as their relative merits and 
drawbacks have been reviewed elsewhere.64–66

Von Willebrand factor concentrates
Until 2001, cryoprecipitate was the therapeutic mainstay 
for bleeding in VWD. In 2001, because of concerns for 
the potential transmission of blood-borne pathogens, the 
use of pdFVIII products enriched in VWF was 
recommended for the treatment of bleeding or 
prophylaxis before surgery in certain sub-types of VWD.67 
Factor concentrates are generally recommended for most 
patients with type 2 variants (qualitative defects) of VWD, 
and both severe type 1 and type 3 variants (partial 
quantitative and severe quantitative defi ciencies of VWF, 
respectively). Most remaining patients with milder 
variants of type 1 VWD respond well to intravenous, 
subcutaneous, or intranasal desmopressin 
(1-deamino-8-D-arginine vasopressin; DDAVP).68,69 

Although FVIII synthesis is not defective in VWD, its 
half-life is severely reduced when VWF, its natural carrier 
and stabiliser to which it is non-covalently bound in 
plasma, is defi cient. Satisfactory haemostasis in VWD is 
dependent on achieving adequate plasma levels of both 
VWF (mediating primary haemostasis) and FVIII 
(responsible for fi brin formation in secondary 
haemostasis). As a rule, haemostasis is satisfactory when 
the ristocetin cofactor activity (VWF:RCo)—a measure of 
VWF activity—is more than 0·6 IU/ml (60% of normal). 
In the absence of an rVWF concentrate, most products 
are intermediate purity pdFVIII concentrates that also 
contain VWF, and thus may be used in the treatment of 
either haemophilia A or VWD.70–72 The only exception is 
Wilfactin (LFB, Lille, France), a plasma-derived product 
that is considered to be a highly purifi ed VWF-containing 
concentrate, although it is only available in a few 
European markets. Although administration of this 
product to a patient with severe type 1 or type 3 VWD 
quickly corrects the plasma defi ciency of VWF, there is a 
delay of 6–12 h before endogenous FVIII activity is 
restored to haemostatic levels. Thus, protocols in which 
highly purifi ed VWF is used to control active bleeding 
generally recommend a single supplemental dose of high 
purity FVIII concentrate at the onset of therapy.73 
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Table 2 shows that the ratio of VWF:RCo to FVIII 
activity (FVIII:c) is extremely variable among the available 
products. Qualitatively, there is also signifi cant variation 
in the degree of preservation of the larger VWF multimers 
required for platelet adhesion to sub-endothelial collagen, 
although the clinical relevance of this fi nding is 
unknown.74 

Fibrinogen concentrates
Afi brinogenaemic patients can develop life-threatening 
bleeding symptoms that can usually be controlled by 
fi brinogen replacement or cryoprecipitate substitution 
therapy.75 A few virally inactivated plasma-derived 
concentrates are available in some countries for the 
treatment of inherited afi brinogenaemia and 
hypofi brinogenaemia such as Clottagen (LFB, France) 
and Haemocomplettan P (ZLB Behring, Germany). 
Eff ective long-term secondary prophylaxis with 
administration of fi brinogen concentrates every 7–14 days, 
particularly after CNS bleeds, has been described,76,77 
although the minimal protective level is not well defi ned. 
Fibrinogen concentrates have also been used with some 
success in acquired disorders including haemodilution 
from massive post-partum bleeding,78 although no fi rm 
evidence regarding effi  cacy and safety, is available.

Factor VII concentrates
There is a poor correlation between FVII levels and the 
risk of bleeding in FVII-defi cient patients.79 Replacement 
therapy has traditionally been achieved using FFP, “four 
factor” (FVII-enriched) PCCs, or virally inactivated 
pdFVII concentrates. In the latter category, three such 
products are available, although none are marketed in 
the USA. Well-designed clinical studies documenting 
haemostatic levels of FVII activity in all situations are 
lacking, although empirically, a target trough activity of 
at least 10–15 IU/dL (10–15%) is usually recommended.80 
Recombinant FVIIa is now widely used in these 
patients.81,82 Preliminary reports suggest that FVII 
concentrates of plasma or recombinant origin can be 
eff ective when administered prophylactically.84 Develop-

ment of alloantibodies against exogenous FVII is a rare 
complication.84

Factor XI concentrates
FXI defi ciency has a variable clinical phenotype with a 
lack of a clear association between bleeding and FXI 
coagulant activity.85 Bleeding can be excessive after 
surgery or trauma. While FFP is the only available 
therapy in the USA, two others, FXI concentrate 
(Bioproducts Laboratory, Elstree, UK) and Hemoleven 
(LFB, France), which undergo two viral inactivation steps, 
are available elsewhere. Retrospective analyses of their 
use in Europe and Canada have shown them to be safe 
and eff ective, although there is a potential for thrombotic 
complications.86,87 In both products, heparin and 
antithrombin are added in an attempt to minimise this 
risk. 

Factor XIII concentrates
FXIII circulates as a tetrameric protein consisting of two 
A and two B subunits. FXIII concentrates have been 
produced from both human plasma and placenta. 
However, placental FXIII concentrates are no longer 
available, and the FXIII-A2B2 heterotetramer 
(Fibrogammin P, ZLB Behring, Germany) is the only 
plasma-derived concentrate on the market. It has been 
administered for treatment and prophylaxis of patients 
with FXIII defi ciency.90 This concentrate is approved in 
several markets including Japan and a number of EU 
countries, but in the USA, only FFP and cryoprecipitate 
are available for use in FXIII defi ciency. The 
recommended prophylactic doses of 10–35 IU/kg can be 
administered every 4–6 weeks because of its half-life of 
5–11 days. Development of alloantibodies against 
exogenous FXIII is extremely rare, although very 
problematic when it does happen.91

A new recombinant FXIII-A2 (rFXIII-A2) homodimer 
containing no human or mammalian products in the 
culture medium has been manufactured in 
Saccharomyces cerevesiae. The rFXIII-A2 homodimers are 
able to associate in plasma with endogenous FXIII-B 

Manufacturer Approximate
VWF:Rco/ 
FVIII:c ratio 

Half life of 
VWF:RCo

VWF:RCo recovery 
(IU/dL/IU/kg 
injected)

Viral inactivation method Licence status

Alphanate71 Grifols
(Barcelona, Spain)

0·6:1 7·1 h 2·5 SD, then dry heat at 80°C 
for 72 h

Licensed in Italy, the 
UK, and the USA

Wilate72 Octapharma
(Lachen, Switzerland)

1·0:1 17·1 h 1·5 SD, then dry heat at 100°C 
for 72 h

Limited European 
licensure

Humate-P/Haemate-P72 ZLB Behring
(Marburg, Germany)

2·4:1 10·3 h 1·9 Pasteurisation at 60°C for 10 h Licensed in North 
America and Europe

Wilfactin (formerly 
Facteur Willebrand-LFB)73

LFB (Lille, France) >10:1 12 h 2·1 SD, then 35 nm nanofi ltration, 
followed by dry heat at 80°C 
for 72 h

Limited European 
licensure

SD=treated with solvent detergent. 

Table 2: Some concentrates for the treatment of Von Willebrand disease
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subunits to form the stable heterotetramer FXIII-A2B2. 
The safety, pharmacokinetics, and immunogenicity of 
rFXIII-A2 have been studied in healthy volunteers in a 
phase 1 clinical trial.90 This study shows that rFXIII-A2, 
when combined with endogenous FXIII-B subunits, has 
a half-life similar to that of native FXIII. No serious 
adverse events or evidence of antibody formation to yeast 
or rFXIII have been detected, suggesting that rFXIII 
represents a safe and eff ective alternative to pdFXIII in 
patients with FXIII-A2 defi ciency. 

FXIII concentrate could also be useful in patients with 
acquired FXIII defi ciency, including after cardiac bypass 
surgery,91 stem-cell transplantation and graft-versus-host 
disease,92 and infl ammatory bowel disease,93 though the 
pre cise benefi t of treatment requires further investigation.

Off -label use of rFVIIa
During the past decade, there has been considerable 
interest in the off -label use of rFVIIa in a variety of 
acquired medical and surgical haemorrhagic disorders in 
patients without inherited coagulopathies. The benefi t of 
rFVIIa compared with placebo was shown in retropubic 
prostatectomy, in which it reduced blood loss and red cell 
transfusion requirements,94 and in spontaneous (non 
warfarin-related) intracerebral haemorrhage in which it 
reduced haematoma size and neurological disability.95 
However, prospective RCTs in trauma,96 orthotopic liver 
transplantation,97,98 partial hepatectomy,99 and major 
pelvic surgery100 all failed to show effi  cacy. A summary of 
adverse events reported to the US Food and Drug 
Administration included 185 thromboembolic arterial 
and venous events, most of which occurred after the 
off -label use of rFVIIa.101 This report highlights the need 
to assess safety as well as effi  cacy in prospective RCTs of 
rFVIIa, and to assess the risk-benefi t when using rFVIIa 
for off -label indications.102 

Clotting factor concentrates in reversing therapeutic 
anticoagulation 
Bleeding from warfarin sodium (4-hydroxycoumarin)- 
induced over-anticoagulation is a common cause of 
morbidity and mortality.103 The most severe bleeding 
complication is intracerebral haemorrhage, which has a 
mortality of at least 50%.104,105 When urgent reversal of 
excessive anticoagulation is needed in a patient who is 
actively bleeding, the standard of care in many countries 
continues to be the administration of FFP and 
vitamin K.104–106 This approach is limited by the time 
delay involved in thawing plasma, the risks (albeit low) 
for viral transmission and transfusion-associated lung 
injury (TRALI), and the potential for fl uid overload from 
the large volume of plasma required. These concerns 
have prompted an examination of the role of PCCs and 
rFVIIa as alternative approaches to urgent warfarin 
reversal.107–109 

On the basis of studies showing that PCCs reverse 
warfarin coagulopathy more rapidly and completely than 

the standard dose of FFP (10–15 mL/kg), several expert 
consensus panels have recommended the use of 
PCCs.110–112 A single dose of 30 U/kg or lower seems to be 
enough to reverse even the most over-anticoagulated 
patients, with a very low thrombotic risk.108–113 These 
recommendations have not been widely adopted, 
especially in North America, possibly because of limited 
licensing for this indication (only for a few products, and 
only in Europe), or because of lingering perceptions 
regarding the thrombotic risk associated with these 
products in haemophilia;35,39 however, this is a very 
diff erent situation with respect to dosing levels and 
frequency. There is an urgent need for randomised 
clinical trials correlating clinical outcomes of PCC or 
rFVIIa vs FFP with correction of INR values in patients 
with warfarin-induced haemorrhage. 

The development of alternative anticoagulants to 
standard unfractionated heparin and warfarin continues 
to be an active area of pre-clinical and clinical 
development.114 These agents are generally targeted 
inhibitors of specifi c procoagulants, most commonly 
factor Xa and/or thrombin. While many of these agents 
possess desirable pharmacological properties such as a 
more predictable dose-response relationship and greater 
convenience, they are universally lacking in a specifi c 
antidote for reversal in the event of bleeding. Some 
evidence exists that rFVIIa is capable of partially restoring 
intravascular thrombin generation in healthy volunteers 
treated with the pentasaccharide inhibitors of 
factor Xa.115,116 However, clinical evidence for its effi  cacy is 
so far limited to case reports.117 

Clotting factor concentrates in inherited and 
acquired thrombotic disorders
Antithrombin concentrates
Hereditary antithrombin defi ciency is associated with a 
signifi cant risk of venous thromboembolism, and 
patients with this disorder frequently require long-term 
anticoagulation. Discontinuation of anticoagulation for 
childbirth or surgery can carry a substantial thrombotic 
risk, and replacement with antithrombin concentrate has 
been proposed in these situations.118 

Plasma-derived antithrombin is marketed in many 
countries, and the various production processes contain 
at least one viral inactivation step. A new recombinant 
human antithrombin concentrate (Atryn, GTC 
Biotherapeutics, Framingham, MA, USA) produced in 
the milk of transgenic goats was investigated in a pilot 
study in which fi ve patients with hereditary antithrombin 
defi ciency underwent six surgical procedures. No 
thrombotic or bleeding complications occurred.119 Despite 
diff erences in glycosylation (eg, oligomannose structures) 
with recombinant human antithrombin that probably 
account for its altered pharmacokinetics,120 this product 
was recently approved in the EU for the prophylaxis of 
venous thromboembolism in surgery in patients with 
congenital AT defi ciency.



Series

www.thelancet.com   Vol 370   August 4, 2007 445

The use of antithrombin concentrates in acquired 
defi ciency states is disputed. Despite preliminary 
encouraging results, a pivotal phase III randomised 
controlled clinical trial of antithrombin concentrate failed 
to show a benefi cial eff ect on 28-day mortality in adults 
with severe sepsis.121 However, a recent post-hoc analysis of 
this trial showed a signifi cant reduction in mortality in 
septic patients with overt DIC treated with high-dose 
antithrombin concentrate in the absence of heparin.122 In 
neonatal respiratory distress syndrome, intracranial 
haemorrhage, or sepsis, treatment of acquired AT defi ciency 
could improve outcomes, but defi nitive evidence is 
lacking.123 In children with acute lymphoblastic leukaemia 
and acquired antithrombin defi ciency associated with the 
use of L-asparaginase, the group treated with antithrombin 
concentrate showed a trend to effi  cacy and safety (incidence 
of thrombosis 28% [95% CI 10–46%], compared to 
37% [95% CI 24–49%] in the non treated arm).124 

Protein C and activated protein C concentrates
In patients with severe (homozygous) inherited protein C 
defi ciency, including neonates, replacement therapy with 
human plasma-derived protein C is eff ective, especially 
for treating cutaneous thrombosis (purpura fulminans) 
and preventing thrombosis in high-risk situations.125 In 
patients with moderate (heterozygous) defi ciency, a 
short-course of human protein C prophylaxis may reduce 
the frequency of thrombosis in high-risk situations.126 
This drug has also been used for long-term prophylaxis, 
in inherited homozygous protein C defi ciency.127 

Severe sepsis is associated with rapid depletion of 
protein C and blunted endogenous protein C activation. 
Protein C concentrates have been reported to improve 
outcomes in meningococcal sepsis.128 The activated form 
of human protein C (hAPC) possesses anticoagulant, 
profi brinolytic, and anti-infl ammatory properties. A 
landmark phase III study in adults with severe sepsis 
showed that treatment with recombinant hAPC (rhAPC; 
drotrecogin alfa [activated]) was associated with a 
6·1% absolute reduction in 28-day mortality compared 
with placebo.129 

However, in a second randomised clinical trial, no 
effi  cacy of rhAPC was seen in patients with severe sepsis 
at a lower risk of death. An increased incidence of serious 
bleeding complications was seen in rhAPC-treated 
patients.130 Furthermore, a large randomised, placebo-
controlled trial with rhAPC in paediatric sepsis was 
stopped early because of lack of effi  cacy.131 Further clinical 
trials are needed to establish effi  cacy of rhAPC in the 
treatment of patients with severe sepsis.

The future
The routine production of coagulation factors by 
recombinant technology, and the disappointingly slow 
progress of gene replacement therapy for single gene 
disorders such as haemophilia, has prompted the 
development of bioengineered products that have been 

mutated to overcome their therapeutic limitations. The 
proteins of interest are usually modifi ed to enhance their 
pharmacokinetic properties or reduce immunogenicity. 
Already, mutant forms of rFVIIa with enhanced activity 
are under pre-clinical development, and encouraging 
phase I/II studies confi rming the extended protection 
from bleeding aff orded by the weekly infusion of FVIII 
bound to synthetic polyethylene glycol (PEG)-coated 
liposomes have been reported.132 Various pre-clinical 
approaches have supported the potential therapeutic 
value of FVIII modifi ed to enhance its circulating 
half-life by other means (such as polysialyation), or 
mutated to enhance its resistance to degradation or 
clearance.133 B-domain deleted recombinant porcine 
FVIII molecule is undergoing clinical trials for the 
treatment of patients with congenital or acquired 
haemophilia whose inhibitors are only partially 
cross-reactive to porcine FVIII.134

Another unique approach under development for 
haemophilia B is a synthetic protein comprising FIX 
fused with the Fc region of IgG to extend the half-life of 
FIX. A growing trend that is also likely to follow the 
development of new recombinant clotting factors is their 
experimental use in acquired defi ciency states. However, 
cost remains a signifi cant limitation of all these 
technologies. The disparity in the availability of 
coagulation factor concentrates worldwide is illustrated 
by the case of haemophilia, where it is estimated that 
more than 75% of the world’s patients with haemophilia 
receive either inadequate or no treatment whatsoever.135 
It can only be hoped that the development of transgenic 
technologies increases the availability and markedly 
reduces the cost of factor concentrates in the future. 
References
1 O’Shaughnessy DF, Atterbury C, Bolton Maggs P, et al. Guidelines 

for the use of fresh-frozen plasma, cryoprecipitate and 
cryosupernatant. Br J Haematol 2004; 126: 11–28.

2 Rosenberg PS, Goedert JJ. Estimating the cumulative incidence of 
HIV infection among persons with haemophilia in the United 
States of America. Stat Med 1998; 17: 155–68.

3 Schneider B, Becker M, Brackmann HH, Eis-Hubinger AM. 
Contamination of coagulation factor concentrates with human 
parvovirus B19 genotype 1 and 2. Thromb Haemost 2004; 92: 838–45.

4 Blumel J, Schmidt I, Eff enberger W, et al. Parvovirus B19 
transmission by heat-treated clotting factor concentrates. 
Transfusion 2002; 42: 1473–81.

5 Farrugia A, Ironside JW, Giangrande P. Variant Creutzfeldt-Jakob 
disease transmission by plasma products: assessing and 
communicating risk in an era of scientifi c uncertainty. Vox Sang 
2005; 89: 186–92.

6 Ludlam CA, Powderly WG, Bozzette S, et al. Clinical perspectives of 
emerging pathogens in bleeding disorders. Lancet 2006; 367: 
252–61.

7 Kasper CK, Costa e Silva M. Registry of clotting factor concentrates. 
World Fed Hemophil Mono 2005; 6: 1–9. 

8 Bolton-Maggs PH, Pasi KJ. Haemophilias A and B. Lancet 2003; 
361: 1801–09.

9 Lofqvist T, Nilsson IM, Berntorp E, Pettersson H. Haemophilia 
prophylaxis in young patients—a long-term follow-up. J Intern Med 
1997; 241: 395–400.

10 Manco-Johnson MJ, Abshire TC, Brown D, et al. Initial results of a 
randomized, prospective trial of prophylaxis to prevent joint disease 
in young children with factor VIII (FVIII) defi ciency. Blood 2005; 
106: 6.



Series

446 www.thelancet.com   Vol 370   August 4, 2007 

11 Feldman BM, Pai M, Rivard GE, et al. Tailored prophylaxis in severe 
hemophilia A: interim results from the fi rst 5 years of the Canadian 
Hemophilia Primary Prophylaxis Study. J Thromb Haemost 2006; 4: 
1228–36.

12 Lusher JM, Arkin S, Abildgaard CF, Schwartz RS. Recombinant 
factor VIII for the treatment of previously untreated patients with 
hemophilia A. Safety, effi  cacy, and development of inhibitors. 
Kogenate Previously Untreated Patient Study Group. N Engl J Med 
1993; 328: 453–59.

13 Bray GL, Gomperts ED, Courter S, et al. A multicenter study of 
recombinant factor VIII (recombinate): safety, effi  cacy, and inhibitor 
risk in previously untreated patients with hemophilia A. The 
Recombinate Study Group. Blood 1994; 83: 2428–35.

14 Lusher J, Abildgaard C, Arkin S, et al. Human recombinant 
DNA-derived antihemophilic factor in the treatment of previously 
untreated patients with hemophilia A: fi nal report on a hallmark 
clinical investigation. J Thromb Haemost 2004; 2: 574–83.

15 Kreuz W, Gill JC, Rothschild C, et al. Full-length sucrose-formulated 
recombinant factor VIII for treatment of previously untreated or 
minimally treated young children with severe haemophilia A: 
results of an international clinical investigation. Thromb Haemost 
2005; 93: 457–67.

16 Rosendaal FR, Nieuwenhuis HK, van den Berg HM, et al. A sudden 
increase in factor VIII inhibitor development in multitransfused 
hemophilia A patients in The Netherlands. Dutch Hemophilia 
Study Group. Blood 1993; 81: 2180–86.

17 Peerlinck K, Arnout J, Di Giambattista M, et al. Factor VIII 
inhibitors in previously treated haemophilia A patients with a 
double virus-inactivated plasma derived factor VIII concentrate. 
Thromb Haemost 1997; 77: 80–86.

18 Goudemand J, Rothschild C, Demiguel V, et al. Infl uence of the 
type of factor VIII concentrate on the incidence of factor VIII 
inhibitors in previously untreated patients with severe 
hemophilia A. Blood 2006; 107: 46–51.

19 Webster WP, Roberts HR, Thelin GM, Wagner RH, Brinkhous KM. 
Clinical use of a new glycine-precipitated antihemophilic fraction. 
Am J Med Sci 1965; 250: 643–51.

20 Brinkhous KM, Shanbrom E, Roberts HR, Webster WP, Fekete l, 
Wagner RH. A new high potency glycine precipitated 
antihemophilic factor (AHF) concentrate: Treatment of classical 
hemophilia and hemophilia with inhibitors. JAMA 1968; 205: 
613–17.

21 Kasper CK, Kipnis SA. Hepatitis and clotting-factor concentrates. 
JAMA 1972; 221: 510.

22 Mannucci PM, Capitanio A, Del Ninno E, Colombo M, Pareti F, 
Ruggeri ZM. Asymptomatic liver disease in haemophiliacs. 
J Clin Pathol 1975; 28: 620–24.

23 Makris M, Preston FE, Triger DR, et al. Hepatitis C antibody and 
chronic liver disease in haemophilia. Lancet 1990; 335: 1117–19.

24 Gill JC, Menitove JE, Wheeler D, Aster RH, Montgomery RR. 
Generalized lymphadenopathy and T cell abnormalities in 
hemophilia A. J Pediatr 1983; 103: 18–22.

25 Goedert JJ, Kessler CM, Aledort LM, et al. A prospective study of 
human immunodefi ciency virus type 1 infection and the development 
of AIDS in subjects with hemophilia. N Engl J Med 1989; 321: 1141–48.

26 Aronstam A, Congard B, Evans DI, et al. HIV infection in 
haemophilia—a European cohort. Arch Dis Child 1993; 68: 521–24.

27 Gitschier J, Wood WI, Goralka TM, et al. Characterization of the 
human factor VIII gene. Nature 1984; 312: 326–30.

28 Toole JJ, Knopf JL, Wozney JM, et al. Molecular cloning of a cDNA 
encoding human antihaemophilic factor. Nature 1984; 312: 342–47.

29 Ludlam CA, Turner ML. Managing the risk of transmission of 
variant Creutzfeldt Jakob disease by blood products. Br J Haematol 
2006; 132: 13–24.

30 Fischer K, Van Den Berg M. Prophylaxis for severe haemophilia: 
clinical and economical issues. Haemophilia 2003; 9: 376–81.

31 Bruning PF, Loeliger EA. Prothrombal: a new concentrate of 
human prothrombin complex for clinical use. Br J Haematol 1971; 
21: 377–98.

32 Barrowcliff e TW, Stableforth P, Dormandy KM. Small scale 
preparation and clinical use of factor IX-prothrombin complex. 
Vox Sang 1973; 25: 426–41.

33 Fiedler H. Factor VII and activated factor VII content of 
prothrombin complex concentrates. Vox Sang 1998; 75: 72–73.

34 Hellstern P, Beeck H, Fellhauer A, Fischer A, Faller-Stockl B. Factor 
VII and activated-factor-VII content of prothrombin complex 
concentrates. The PCC Study Group. Vox Sang 1997; 73: 155–61.

35 Blatt PM, Lundblad RL, Kingdon HS, McLean G, Roberts HR. 
Thrombogenic materials in prothrombin complex concentrates. 
Ann Intern Med 1974; 81: 766–70.

36 Ehrlich HJ, Henzl MJ, Gomperts ED. Safety of factor VIII inhibitor 
bypass activity (FEIBA): 10-year compilation of thrombotic adverse 
events. Haemophilia 2002; 8: 83–90.

37 Hampton KK, Makris M, Kitchen S, Preston FE. Potential 
thrombogenicity of heat-treated prothrombin complex concentrates 
in Haemophilia B. Blood Coagul Fibrinolysis 1991; 2: 637–41.

38 Lusher JM. Myocardial necrosis after therapy with 
prothrombin-complex concentrate. N Engl J Med 1984; 310: 464.

39 Kohler M. Thrombogenicity of prothrombin complex concentrates. 
Thromb Res 1999; 95 (suppl 1): 13–17.

40 Santagostino E, Mannucci PM, Gringeri A, et al. Markers of 
hypercoagulability in patients with hemophilia B given repeated, 
large doses of factor IX concentrates during and after surgery. 
Thromb Haemost 1994; 71: 737–40.

41 Dusel CH, Grundmann C, Eich S, Seitz R, Konig H. Identifi cation 
of prothrombin as a major thrombogenic agent in prothrombin 
complex concentrates. Blood Coagul Fibrinolysis 2004; 15: 405–11.

42 Grundman C, Plesker R, Kusch M, et al. Prothrombin overload 
causes thromboembolic complications in prothrombin complex 
concentrates: in vitro and in vivo evidence. Thromb Haemost 2005; 
94: 1338–39.

43 Di Paola J, Nugent D, Young G. Current therapy for rare factor 
defi ciencies. Haemophilia 2001; 7 (suppl 1): 16–22.

44 Erber WN. Massive blood transfusion in the elective surgical 
setting. Transfus Apher Sci 2002; 27: 83–92.

45 Karck M, Haverich A. Heart transplantation under coumarin 
therapy: friend or foe? Eur J Anaesthesiol 1994; 11: 475–79.

46 Mannucci PM, Franchi F, Dioguardi N. Correction of abnormal 
coagulation in chronic liver disease by combined use of fresh-frozen 
plasma and prothrombin complex concentrates. Lancet 1976; 2: 
542–45.

47 Lorenz R, Kienast J, Otto U, et al. Effi  cacy and safety of a 
prothrombin complex concentrate with two virus-inactivation steps 
in patients with severe liver damage. Eur J Gastroenterol Hepatol 2003; 
15: 15–20.

48 Choo KH, Gould KG, Rees DJ, Brownlee GG. Molecular cloning of 
the gene for human anti-haemophilic factor IX. Nature 1982; 299: 
178–80.

49 Anson DS, Choo KH, Rees DJ, et al. The gene structure of human 
anti-haemophilic factor IX. EMBO J 1984; 3: 1053–60.

50 Shapiro AD, Di Paola J, Cohen A, et al. The safety and effi  cacy of 
recombinant human blood coagulation factor IX in previously 
untreated patients with severe or moderately severe hemophilia B. 
Blood 2005; 105: 518–25.

51 Lusher JM, Blatt PM, Penner JA, et al. Autoplex versus Proplex: a 
controlled, double-blind study of eff ectiveness in acute 
hemarthroses in hemophiliacs with inhibitors to factor VIII. Blood 
1983; 62: 1135–38.

52 Sjamsoedin LJ, Heijnen L, Mauser-Bunschoten EP, et al. The eff ect 
of activated prothrombin-complex concentrate (FEIBA) on joint and 
muscle bleeding in patients with hemophilia A and antibodies to 
factor VIII. A double-blind clinical trial. N Engl J Med 1981; 305: 
717–21.

53 Lusher JM, Shapiro SS, Palascak JE, Rao AV, Levine PH, Blatt PM. 
Effi  cacy of prothrombin-complex concentrates in hemophiliacs with 
antibodies to factor VIII: a multicenter therapeutic trial. 
N Engl J Med 1980; 303: 421–25.

54 Berntorp E, Donfi eld S, DiMichele DM, et al. A randomized 
evaluation of by-passing agents in hemophilia complicated by 
inhibitors. The FEIBA Novoseven Comparative Study (FENOC). 
Blood 2007; 109: 546–51.

55 Turecek PL, Varadi K, Gritsch H, et al. Factor Xa and prothrombin: 
mechanism of action of FEIBA. Vox Sang 1999; 77 (suppl 1): 72–79.

56 Negrier C, Goudemand J, Sultan Y, Bertrand M, Rothschild C, 
Lauroua P. Multicenter retrospective study on the utilization of 
FEIBA in France in patients with factor VIII and factor IX 
inhibitors. French FEIBA Study Group. Factor Eight Bypassing 
Activity. Thromb Haemost 1997; 77: 1113–19.



Series

www.thelancet.com   Vol 370   August 4, 2007 447

57 Hilgartner M, Aledort L, Andes A, Gill J. Effi  cacy and safety of 
vapor-heated anti-inhibitor coagulant complex in hemophilia 
patients. FEIBA Study Group. Transfusion 1990; 30: 626–30.

58 Sorensen B, Ingerslev J. Tailoring haemostatic treatment to 
patient requirements—an update on monitoring haemostatic 
response using thromboelastography. Haemophilia 2005; 
11 (suppl 1): 1–6.

59 Turecek PL, Varadi K, Keil B, et al. Factor VIII inhibitor-bypassing 
agents act by inducing thrombin generation and can be monitored 
by a thrombin generation assay. Pathophysiol Haemost Thromb 2003; 
33: 16–22.

60 Monroe DM, Hoff man M, Oliver JA, Roberts HR. A possible 
mechanism of action of activated factor VII independent of tissue 
factor. Blood Coagul Fibrinolysis 1998; 9 (suppl 1): 15–20.

61 Parameswaran R, Shapiro AD, Gill JC, Kessler CM. Dose eff ect and 
effi  cacy of rFVIIa in the treatment of haemophilia patients with 
inhibitors: analysis from the Hemophilia and Thrombosis Research 
Society Registry. Haemophilia 2005; 11: 100–06.

62 Santagostino E, Mancuso ME, Rocino A, Mancuso G, Scaraggi F, 
Mannucci PM. A prospective randomized trial of high and standard 
dosages of recombinant factor VIIa for treatment of hemarthroses 
in hemophiliacs with inhibitors. J Thromb Haemost 2006; 4: 367–71.

63 Key NS, Nelsestuen GL. Views on methods for monitoring 
recombinant factor VIIa in inhibitor patients. Semin Hematol 2004; 
41 (suppl 1): 51–54.

64 Key NS. Inhibitors in congenital coagulation disorders. 
Br J Haematol 2004; 127: 379–91.

65 Abshire T, Kenet G. Recombinant factor VIIa: review of effi  cacy, 
dosing regimens and safety in patients with congenital and acquired 
factor VIII or IX inhibitors. J Thromb Haemost 2004; 2: 899–909.

66 Allen G, Aledort L. Therapeutic decision-making in inhibitor 
patients. Am J Hematol 2006; 81: 71–72.

67 National Hemophilia Foundation. Medical and Scientifi c Advisory 
Board recommendations regarding the treatment of von Willebrand 
disease 2001. http://www.hemophilia.org/research/masac/
masac112.htm (accessed June 16, 2007). 

68 Mannucci PM. Treatment of von Willebrand’s Disease. N Engl J Med 
2004; 351: 683–94.

69 Mannucci PM. How I treat patients with von Willebrand disease. 
Blood 2001; 97: 1915–19.

70 Mannucci PM, Chediak J, Hanna W, et al. Treatment of 
von Willebrand disease with a high-purity factor VIII/von 
Willebrand factor concentrate: a prospective, multicenter study. 
Blood 2002; 99: 450–56.

71 Actual improvements in the treatment of von Willebrand’s disease: 
Wilate—double virus inactivation, high purity and convenience for 
patients. Thromb Haemost 2005; 94: 8–10.

72 Gill JC, Ewenstein BM, Thompson AR, Mueller-Velten G, 
Schwartz BA. Successful treatment of urgent bleeding in 
von Willebrand disease with factor VIII/VWF concentrate 
(Humate-P): use of the ristocetin cofactor assay (VWF:RCo) to 
measure potency and to guide therapy. Haemophilia 2003; 9: 
688–95.

73 Goudemand J, Scharrer I, Berntorp E, et al. Pharmacokinetic 
studies on Wilfactin, a von Willebrand factor concentrate with a low 
factor VIII content treated with three virus-inactivation/removal 
methods. J Thromb Haemost 2005; 3: 2219–27.

74 Budde U, Metzner HJ, Muller HG. Comparative Analysis and 
Classifi cation of von Willebrand Factor/Factor VIII Concentrates: 
Impact on Treatment of Patients with von Willebrand Disease. 
Semin Thromb Hemost 2006; 32: 626–35.

75 Peyvandi F, Haertel S, Knaub S, Mannucci PM. Incidence of 
bleeding symptoms in 100 patients with inherited afi brinogenemia 
or hypofi brinogenemia. J Thromb Haemost 2006; 4: 1634–37.

76 Kreuz W, Meili E, Peter-Salonen K, et al. Effi  cacy and tolerability of a 
pasteurised human fi brinogen concentrate in patients with 
congenital fi brinogen defi ciency. Transfus Apher Sci 2005; 32: 247–53.

77 Parameswaran R, Dickinson JP, De Lord S, Keeling DM, Colvin BT. 
Spontaneous bleeding in two patients with congenital 
afi brinogenaemia and the role of replacement therapy. Haemophilia 
2000; 6: 705–08.

78 Heindl B, Delorenzo C, Spannagl M. High dose fi brinogen 
administration for acute therapy of coagulopathy during massive 
perioperative transfusion. Anaesthesist 2005; 54: 787–90.

79 Mariani G, Herrmann FH, Bernardi F, Schved JF, Auerswald G, 
Ingerslev J. Clinical manifestations, management, and molecular 
genetics in congenital factor VII defi ciency: the International 
Registry on Congenital Factor VII Defi ciency (IRF7). Blood 2000; 96: 
374.

80 Perry DJ. Factor VII Defi ciency. Br J Haematol 2002; 118: 689–700.
81 Siddiqui MA, Scott LJ. Recombinant factor VIIa (Eptacog Alfa): a 

review of its use in congenital or acquired haemophilia and other 
congenital bleeding disorders. Drugs 2005; 65: 1161–77.

82 Roberts HR, Monroe DM, White GC. The use of recombinant factor 
VIIa in the treatment of bleeding disorders. Blood 2004; 104: 
3858–64.

83 Mathijssen NC, Masereeuw R, Verbeek K, et al. Prophylactic eff ect 
of recombinant factor VIIa in factor VII defi cient patients. 
Br J Haematol 2004; 125: 494–99.

84 Mariani G, Konkle BA, Ingerslev J. Congenital factor VII defi ciency: 
therapy with recombinant activated factor VII—a critical appraisal. 
Haemophilia 2006; 12: 19–27.

85 Bolton-Maggs PH, Young Wan-Yin B, McCraw AH, Slack J, 
Kernoff  PB. Inheritance and bleeding in factor XI defi ciency. 
Br J Haematol 1988; 69: 521–28.

86 Bolton-Maggs PH, Wensley RT, Kernoff  PB, et al. Production and 
therapeutic use of a factor XI concentrate from plasma. 
Thromb Haemost 1992; 67: 314–19.

87 Aledort LM, Goudemand J. United States’ factor XI-defi ciency 
patients need a safer treatment. Am J Hematol 2005; 80: 301–02.

88 Nugent DJ. Prophylaxis in rare coagulation disorders—factor XIII 
defi ciency. Thromb Res 2006; 118 (suppl 1): 23–28.

89 Rivard GE, St Louis J, Lacroix S, Champagne M, Rock G. 
Immunoadsorption for coagulation factor inhibitors: a retrospective 
critical appraisal of 10 consecutive cases from a single institution. 
Haemophilia 2003; 9: 711–16.

90 Lovejoy AE, Reynolds TC, Visich JE, et al. Safety and 
pharmacokinetics of recombinant factor XIII-A2 administration in 
patients with congenital factor XIII defi ciency. Blood 2006; 108: 57–62.

91 Chandler WL, Patel MA, Gravelle L, et al. Factor XIIIA and clot 
strength after cardiopulmonary bypass. Blood Coagul Fibrinolysis 
2001; 12: 101–08.

92 Grothaus-Pinke B, Gunzelmann S, Fauser AA, Kiehl MG. Factor 
XIII replacement in stem cell transplant (SCT) recipients with 
severe graft-versus-host disease of the bowel: report of an initial 
experience. Transplantation 2001; 72: 1456–58.

93 Lorenz R, Olbert P, Born P. Factor XIII in chronic infl ammatory 
bowel diseases. Semin Thromb Hemost 1996; 22: 451–55.

94 Friederich PW, Henny CP, Messelink EJ, et al. Eff ect of 
recombinant activated factor VII on perioperative blood loss in 
patients undergoing retropubic prostatectomy: a double-blind 
placebo-controlled randomised trial. Lancet 2003; 361: 201–05.

95 Mayer SA, Brun NC, Begtrup K, et al. Recombinant activated factor 
VII for acute intracerebral hemorrhage. N Engl J Med 2005; 352: 
777–85.

96 Boff ard KD, Riou B, Warren B, et al. Recombinant factor VIIa as 
adjunctive therapy for bleeding control in severely injured trauma 
patients: two parallel randomized, placebo-controlled, double-blind 
clinical trials. J Trauma 2005; 59: 8–15.

97 Planinsic RM, van der Meer J, Testa G, et al. Safety and effi  cacy of a 
single bolus administration of recombinant factor VIIa in liver 
transplantation due to chronic liver disease. Liver Transpl 2005; 11: 
895–900.

98 Lodge JP, Jonas S, Jones RM, et al. Effi  cacy and safety of repeated 
perioperative doses of recombinant factor VIIa in liver 
transplantation. Liver Transpl 2005; 11: 973–79.

99 Lodge JP, Jonas S, Oussoultzoglou E, et al. Recombinant 
coagulation factor VIIa in major liver resection: a randomized, 
placebo-controlled, double-blind clinical trial. Anesthesiology 2005; 
102: 269–75.

100 Raobaikady R, Redman J, Ball JA, Maloney G, Grounds RM. Use of 
activated recombinant coagulation factor VII in patients undergoing 
reconstruction surgery for traumatic fracture of pelvis or pelvis and 
acetabulum: a double-blind, randomized, placebo-controlled trial. 
Br J Anaesth 2005; 94: 586–91.

101 O’Connell KA, Wood JJ, Wise RP, Lozier JN, Braun MM. 
Thromboembolic adverse events after use of recombinant human 
coagulation factor VIIa. JAMA 2006; 295: 293–98.



Series

448 www.thelancet.com   Vol 370   August 4, 2007 

102 Dzik WH. Off -label reports of new biologics: exciting new therapy 
or dubious research? Examples from recombinant activated 
factor VII. J Intensive Care Med 2006; 21: 54–59.

103 Palareti G, Leali N, Coccheri S, et al. Bleeding complications of oral 
anticoagulant treatment: an inception-cohort, prospective 
collaborative study (ISCOAT). Italian Study on Complications of 
Oral Anticoagulant Therapy. Lancet 1996; 348: 423–28.

104 Goldstein JN, Thomas SH, Frontiero V, et al. Timing of fresh frozen 
plasma administration and rapid correction of coagulopathy in 
warfarin-related intracerebral hemorrhage. Stroke 2006; 37: 151–55.

105 Flibotte JJ, Hagan N, O’Donnell J, Greenberg SM, Rosand J. 
Warfarin, hematoma expansion, and outcome of intracerebral 
hemorrhage. Neurology 2004; 63: 1059–64.

106 Hemphill JC, 3rd. Treating warfarin-related intracerebral 
hemorrhage: is fresh frozen plasma enough? Stroke 2006; 37: 6–7.

107 Deveras RA, Kessler CM. Reversal of warfarin-induced excessive 
anticoagulation with recombinant human factor VIIa concentrate. 
Ann Intern Med 2002; 137: 884–88.

108 Evans G, Luddington R, Baglin T. Beriplex P/N reverses severe 
warfarin-induced overanticoagulation immediately and completely 
in patients presenting with major bleeding. Br J Haematol 2001; 115: 
998–1001.

109 Preston FE, Laidlaw ST, Sampson B, Kitchen S. Rapid reversal of 
oral anticoagulation with warfarin by a prothrombin complex 
concentrate (Beriplex): effi  cacy and safety in 42 patients. 
Br J Haematol 2002; 116: 619–24.

110 Ansell J, Hirsh J, Poller L, Bussey H, Jacobson A, Hylek E. The 
pharmacology and management of the vitamin K antagonists: the 
Seventh ACCP Conference on Antithrombotic and Thrombolytic 
Therapy. Chest 2004; 126 (suppl 3): 204–233.

111 Baker RI, Coughlin PB, Gallus AS, Harper PL, Salem HH, 
Wood EM. Warfarin reversal: consensus guidelines, on behalf of the 
Australasian Society of Thrombosis and Haemostasis. Med J Aust 
2004; 181: 492–97.

112 Baglin TP, Keeling DM, Watson HG. Guidelines on oral 
anticoagulation (warfarin): third edition—2005 update. 
Br J Haematol 2006; 132: 277–85.

113 Yasaka M, Sakata T, Naritomi H, Minematsu K. Optimal dose of 
prothrombin complex concentrate for acute reversal of oral 
anticoagulation. Thromb Res 2005; 115: 455–59.

114 Hirsh J, O’Donnell M, Weitz JI. New anticoagulants. Blood 2005; 
105: 453–63.

115 Bijsterveld NR, Moons AH, Boekholdt SM, et al. Ability of 
recombinant factor VIIa to reverse the anticoagulant eff ect of the 
pentasaccharide fondaparinux in healthy volunteers. Circulation 
2002; 106: 2550–54.

116 Bijsterveld NR, Vink R, van Aken BE, et al. Recombinant factor VIIa 
reverses the anticoagulant eff ect of the long-acting pentasaccharide 
idraparinux in healthy volunteers. Br J Haematol 2004; 124: 653–58.

117 Dao A, Tuan B, Carlson N. Reversal of a potent investigational 
anticoagulant: idraparinux with recombinant factor VIIa. Am J Med 
2005; 118: 1172–73.

118 Lechner K, Kyrle PA. Antithrombin III concentrates—are they 
clinically useful? Thromb Haemost 1995; 73: 340–48.

119 Konkle BA, Bauer KA, Weinstein R, Greist A, Holmes HE, 
Bonfi glio J. Use of recombinant human antithrombin in patients 
with congenital antithrombin defi ciency undergoing surgical 
procedures. Transfusion 2003; 43: 390–94.

120 Avidan MS, Levy JH, van Aken H, et al. Recombinant human 
antithrombin III restores heparin responsiveness and decreases 
activation of coagulation in heparin-resistant patients during 
cardiopulmonary bypass. J Thorac Cardiovasc Surg 2005; 130: 107–13.

121 Warren BL, Eid A, Singer P, et al. Caring for the critically ill patient. 
High-dose antithrombin III in severe sepsis: a randomized 
controlled trial. JAMA 2001; 286: 1869–78.

122 Kienast J, Juers M, Wiedermann CJ, et al. Treatment eff ects of 
high-dose antithrombin without concomitant heparin in patients 
with severe sepsis with or without disseminated intravascular 
coagulation. J Thromb Haemost 2006; 4: 90–97.

123 Schmidt B, Gillie P, Mitchell L, Andrew M, Caco C, Roberts R. A 
placebo-controlled randomized trial of antithrombin therapy in 
neonatal respiratory distress syndrome. Am J Respir Crit Care Med 
1998; 158: 470–76.

124 Mitchell L, Andrew M, Hanna K, et al. Trend to effi  cacy and safety 
using antithrombin concentrate in prevention of thrombosis in 
children receiving l-asparaginase for acute lymphoblastic leukemia. 
Results of the PAARKA study. Thromb Haemost 2003; 90: 235–44.

125 Dreyfus M, Magny JF, Bridey F, et al. Treatment of homozygous 
protein C defi ciency and neonatal purpura fulminans with a 
purifi ed protein C concentrate. N Engl J Med 1991; 325: 1565–68.

126 Pescatore SL. Clinical management of protein C defi ciency. 
Expert Opin Pharmacother 2001; 2: 431–39.

127 Sanz-Rodriguez C, Gil-Fernandez JJ, Zapater P, et al. Long-term 
management of homozygous protein C defi ciency: replacement 
therapy with subcutaneous purifi ed protein C concentrate. 
Thromb Haemost 1999; 81: 887–90.

128 Rivard GE, David M, Farrell C, Schwarz HP. Treatment of purpura 
fulminans in meningococcemia with protein C concentrate. 
J Pediatr 1995; 126: 646–52.

129 Bernard GR, Vincent JL, Laterre PF, et al. Effi  cacy and safety of 
recombinant human activated protein C for severe sepsis. 
N Engl J Med 2001; 344: 699–709.

130 Abraham E, Laterre PF, Garg R, et al. Drotrecogin alfa (activated) 
for adults with severe sepsis and a low risk of death. N Engl J Med 
2005; 353: 1332–41.

131 US Food and Drug Administration. 2005 Safety alert: Xigris 
(drotecogin alfa [activated]. http://www.fda.gov/medWatch/
safety/2005/xigris_dearHCP_4–21–05.htm (accessed June 16, 2007).

132 Spira J, Plyushch OP, Andreeva TA, Andreev Y. Prolonged 
bleeding-free period following prophylactic infusion of recombinant 
factor VIII (Kogenate(R) FS) reconstituted with pegylated 
liposomes. Blood 2006; 108: 3668–73.

133 Pipe SW. The promise and challenges of bioengineered 
recombinant clotting factors. J Thromb Haemost 2005; 3: 1692–701.

134 Barrow RT, Lollar P. Neutralization of antifactor VIII inhibitors by 
recombinant porcine factor VIII. J Thromb Haemost 2006; 4: 
2223–29.

135 Skinner MW. Treatment for all: a vision for the future. Haemophilia 
2006; 12 (suppl 3): 169–73.


	Introduction
	Clotting factor concentrates in inherited and acquired bleeding disorders
	FVIII concentrates
	FIX concentrates and prothrombin complex concentrates
	Coagulation factor concentrates: past, present, and future
	The bypassing agents: FEIBA and recombinant factor VIIa (rFVIIa)
	Von Willebrand factor concentrates
	Fibrinogen concentrates
	Factor VII concentrates
	Factor XI concentrates
	Factor XIII concentrates
	Off-label use of rFVIIa
	Clotting factor concentrates in reversing therapeutic anticoagulation

	Clotting factor concentrates in inherited and acquired thrombotic disorders
	Antithrombin concentrates
	Protein C and activated protein C concentrates

	The future
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


