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A BRIEF HISTORY OF CLOTTING FACTOR DEVELOPMENT
To fully comprehend the advanced and complex options currently available to treat inherited disorders of 
coagulation, we must first return to a time, just 100 years ago when the prognosis of haemophilia was dire. 
The only treatment for severe debilitating bleeding and haemarthrosis was splinting, ice, and bedrest. Life 
expectancy was only 10-15 years, even for patients with mild disease. Those lucky few that did survive were 
compromised by severe disability.1

During the First World War, high numbers of casualties forced medical advancement and the understanding 
of blood types. This resulted in a low efficacious treatment option for haemophilia; patients were given whole 
blood, which contained the missing coagulation factors they needed. With only a modest clinical benefit, life 
expectancy improved to around 20 years of age.2

Over time, increasing combat casualties became triggers for the improved preparation of plasma, that 
contained coagulation factors alone. However, this form of replacement therapy was not widely available and 
was also of limited clinical efficacy. So, even until the 1960s, the life expectancy of patients with haemophilia 
was no more than 20-30 years.2

In 1964 Judith Pool discovered cryoprecipitation, the process for creating concentrated blood clotting factors 
including human Factor VIII.3 

By the 1970s, industrial scale processes were in place for manufacturing factor concentrates, which 
significantly improved the quality of life for patients with haemophilia, who had access to such treatment. From 
then on Factor VIII was available to terminate acute bleeding caused by haemophilia, and to preoperatively 
prepare the patient for surgical procedures previously deemed too high risk.3 

However, the 1980s saw a dramatic and devastating blight on this progress. Patients treated with clotting 
factors produced from large plasma pools began contracting blood-borne infections, most notably HIV and 
hepatitis.4 Then in the 1990s, advancements in molecular genetics allowed the manufacture of recombinant 
factors and this, in combination with enhanced screening and virucidal techniques, has halted the transmission 
of blood-borne viruses, with no reported cases since 1990.4

Unfortunately, blood-borne diseases was not the only significant obstacle encountered by patients with 
inherited clotting disorders, as it emerged that up to one third of patients treated with factor-specific therapies 
would go on to develop alloantibodies to the factor they received.5 This made them refractory to replacement 
therapy because the coagulant activity contained in factor replacement products was neutralised by the 
patient’s own specific antibodies. 

Alternative ways of achieving clotting were sought and it was discovered that plasma concentrates of activated 
factors of the prothrombin complex (aPCC), as well as the recombinant production of activated Factor VII 
(rFVIIa), offered new ways to bypass the coagulation defect associated with Factor VIII inhibitors. These were 
termed “bypass agents” and have been extremely successful in improving outcomes for patients with inherited 
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bleeding disorders, such that their life expectancies now approach those of a person with no clotting disorder.4 
Further advances include the discovery of extended half-life factors, which increase the dosing interval for 
patients with severe disease who require regular factor therapy. In today’s practice, we have access to several 
purified factor concentrates for use in trauma, cardiac, and obstetric surgery and this is largely thanks to our 
understanding of the inherited clotting disorders such as the different types of haemophilia, which have been 
the driving force for progress regarding factor fractionation.

INTRODUCTION
This paper will review the currently available factor concentrates and the evidence and indications for use. 
Figure 1. summarises the currently available factor preparations available in Australia that will be covered in this 
article.

Figure 1. Products available in Australia6

Trade name Source Indications Off label use Dose* Cost 

I RiaSTAP Human 
plasma 

Acute bleeding 
and 

prophylaxis in 
patients with 
congenital 
fibrinogen 
deficiency

Dysfibrinogenemia 
(acquired deficit)

Trauma/
acquired 
deficiency 50-
70 mg/kg

Congenital 
fibrinogen 
deficiency – 
dose calculated 
according to 
target levels 
and current 
levels 

$863/g 

VIIa NovoSeven Recombinant Haemophilia 
A or B with 
inhibitors

Acquired 
haemophilia

Glanzmann 
thrombasthenia, 
congenital 
Factor 

VII deficiency

Salvage therapy 
to control 
microvascular 
bleeding

Haemophilia 90 
mcg/kg

Cardiac surgery 
30 mcg/kg7

$1350/
mg

VIII Eloctate 
Adynovate

Human 
plasma 

Recombinant

Haemophilia A  Prophylaxis 40-
50 IU/kg

Max 70 IU/kg

IX Alprolix Human 
plasma 

Recombinant

Haemophilia B  Prophylaxis 50 
IU/kg 

Major bleed 
133 IU/kg

XI Hemoleven Human 
plasma

Severe Factor 
XI deficiency 
with no inhibitor

15 units/kg $14/IU

XIII Fibrogammin Human 
plasma

Factor XIII 
deficiency

25-40 IU/kg $214/ 
250IU

vWF + 
VIII

Biostate Human 
plasma

Willebrand 
disease,

Haemophilia A Seek 
haematology 
advice 

$960/ 
1000 
IU

Anti-
thrombin 
III

Thrombotrol Human 
plasma

Hereditary or 
acquired AT 
deficiency

Heparin 
resistance

Dose required 
= (desired level 
– pretreatment 
level) x weight 
in kg x 2.2

$1547/ 
1000IU

II, IX, X, Prothrombinex Human 
plasma 

Rapid 
normalisation 
of vitamin K 
dependent 
clotting factors 

25-50 IU/kg 
depending on 
extent of INR 
derangement.

$305/ 
500IU

*Seek haematology advice before prescribing any specialist clotting factors

FACTOR 1 (FIBRINOGEN)
Fibrinogen (Factor I) is a glycoprotein complex produced by the liver and plays a pivotal role in the stabilisation 
phase of clot formation in haemostasis (Figure 2). During tissue and vascular injury, it is converted enzymatically 
by thrombin to fibrin and then to an insoluble fibrin-based clot. It supports thrombin generation and platelet 
aggregation and facilitates wound healing.8 

Figure 2. Clotting factors involved in the initiation, amplification, and stabilisation of clot formation

Factor 1 (fibrinogen) is available from fresh frozen plasma (FFP), cryoprecipitate, or as a fibrinogen concentrate 
(RiaSTAP®). The quantity of Factor I varies significantly depending on the product. Hence the volume of 
infusion required for a clinically effective dose varies depending on the product used. Fibrinogen concentrate 
contains 20g/L of Factor I, compared to 15-17g/L for cryoprecipitate and 2g/L for FFP.9 Additionally, there 
are several benefits of fibrinogen concentrate including being blood type free, storage at room temperature, 
and rapid reconstitution and administration. Cost is the main barrier to its widespread use. Cryoprecipitate, on 
the other hand, has the advantage of containing other important coagulation factors such as von Willebrand 
Factor (vWF), Factor VIII, and Factor XIII, which may promote more rapid and effective coagulation in bleeding 
patients.9 
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Congenital fibrinogen deficiency is a rare, autosomal recessive inherited bleeding disorder in which coagulation 
is impaired by lack of fibrinogen. The lack of fibrinogen expresses itself with excessive and, at times, 
uncontrollable bleeding most commonly occurring at birth from the umbilical cord.10

INDICATIONS FOR USE
In Australia and New Zealand, fibrinogen concentrate is supplied and funded for treatment of acute 
bleeding and prophylaxis in patients with congenital fibrinogen deficiency (including afibrinogenaemia, 
hypofibrinogenaemia and dysfibrinogenaemia).11,12 

The most common off label use for fibrinogen concentrate is in the management of major bleeding as an 
alternative to cryoprecipitate. Fibrinogen concentrate leads to faster correction of fibrinogen levels compared 
with cryoprecipitate.13 However, cryoprecipitate transfusion provides additional factors that restore key 
fibrinolytic regulators and limit plasmin generation. Consequently, cryoprecipitate led to stronger and more 
stable clots with a more natural fibrin structure compared with fibrinogen concentrate in an ex vivo study.14 A 
large randomised controlled trial comparing fibrinogen concentrate and cryoprecipitate use early in trauma on 
clinical, patient-centred outcomes is ongoing (FEISTY II).15

FACTOR VIIA (NOVOSEVENTM)
Factor VIIa, when bound to tissue factor (Factor III), is important in the initiation phase of clot formation. Factor 
VII circulates in the blood in the inactive form. Upon vessel injury, Factor VII is exposed to tissue factor (TF) and 
activated to become Factor VIIa by proteases, among which are thrombin (Factor IIa), Factors Xa, IXa, XIIa, and 
the Factor VIIa-TF complex itself. The complex of Factor VIIa-TF catalyses the conversion of Factor IX to IXa and 
Factor X to Xa (Figure 2).16

NovoSevenTM is a recombinant Factor VII in an activated form. As Factor VIIa has already been activated, 
thereby bypassing the body’s innate homeostasis, it carries greater risks of thrombosis than other factor 
products. Clinicians must incorporate clinical judgment to balance the potential benefits of achieving 
haemostasis against the higher risks of thrombosis when administrating this product. 

NovoSevenTM was developed for patients with inhibitors to coagulation Factor VIII or Factor IX, and congenital 
Factor VII deficiency. It is generated in cultured hamster cells grown in newborn calf serum (purified from 
culture supernatant) and is converted to Factor VIIa during purification. 

INDICATIONS FOR USE
In Australia and New Zealand, NovoSevenTM has been approved for several indications (no age limit) including 
Haemophilia A and B with inhibitors, acquired haemophilia, Glanzmann thrombasthenia, and congenital Factor 
VII deficiency.17 It has an ultra-short half-life of just 2.6 to 6 hours after administration. The initial dose is 90 
mcg/kg however there is significant individual variability in the haemostatic response to Factor VIIa, and it can 
be prothrombotic in non-haemophiliacs.17

The off-label use of NovoSevenTM is generally reserved as salvage therapy to control microvascular bleeding 
when conventional therapy with transfusions and antifibrinolytic therapies have failed. Use under these 
circumstances has been investigated by multiple RCTs and subsequently a meta-analysis of 993 uses which 
concluded that rFVIIa did not change mortality (RR, 0.90; 95% CI: 0.50, 1.64; I 2 = 0.0%; P = 0.738).18 

Individual RCT analyses showed that the use of rFVIIa could reduce the volume of blood loss (including for 
prostate cancer, severe acute pancreatitis (SAP), and spinal disease) and the transfusion of packed red cells 
(PRC) and FFP in subsets of perioperative patients. There was also a trend toward reduced surgical re-
exploration in cardiac surgery, but this did not meet statistical significance.18 

Recommendations endorsed by the European Society of Anaesthesiology cited the lack of good evidence 
for the use of rFVIIa which limits the scope of its use. In summary, there is a rationale for using rFVIIa to 
treat massive bleeding in certain indications, but only adjunctively to the surgical control of bleeding once 
conventional therapies have failed.19 Additionally, it is worth noting the current cost of rFVIIa in Australia is 
around $6000 for a single adult dose.6 

FACTOR VIII
Factor VIII is essential for forming a stable blood clot (Figure 2). Factor VIII circulates in a stable noncovalent 
complex bound with vWF. When tissue is damaged, it is activated by thrombin (Factor IIa) and dissociates from 
vWF. It then binds to and becomes a cofactor for Factor IXa to activate Factor X, which, in turn, with its cofactor 

Factor Va, activates more thrombin. This sets up a positive feedback loop contributing to a ‘thrombin burst’. 
Thrombin cleaves fibrinogen into fibrin which polymerises and crosslinks – using Factor XIII – into an insoluble 
blood clot.

Factor VIII deficiency results in Haemophilia A. Most commonly, Haemophilia A is a hereditary disorder with 
an X-linked recessive inheritance pattern and therefore more likely to affect males. It has an incidence of 1 in 
5000 male births. Disease can be mild, moderate, or severe depending on the level of activity of Factor VIII. 
Around 30% of female carriers have Factor VIII activity below 40% and are at risk of increased bleeding in the 
perioperative period.20

Acquired Haemophilia A, an autoimmune disorder, is much rarer (1-6 cases per million inhabitants per year) 
and is caused by the development of autoantibodies against Factor VIII.21 About half of acquired Haemophilia 
A cases are idiopathic. There is, however, an association with the postpartum period, drugs (penicillin, 
sulfonamides, phenytoin, interferons, fludarabine), other systemic autoimmune diseases – such as rheumatoid 
arthritis, malignancies, and infections.21

Factor VIII therapy is available in three forms, plasma-derived, recombinant, and extended half-life recombinant. 
Plasma-derived Factor VIII concentrates are prepared by commercial fractionation of carefully screened donor 
plasma. They are stratified based on purity. Greater purity reflects a higher ratio of Factor VIII to non-Factor VIII 
proteins. Recombinant Factor VIII products include several genetically engineered proteins produced in either 
animal or human cell lines. For the most part, these are made using modified versions of the human Factor VIII 
gene.22 Longer-lasting recombinant Factor VIII preparations with extended half-lives have the advantage of 
less-frequent dosing, enhancing the ease of administration for some patients. This is now the gold standard for 
haemophilia care with Eloctate and Adynovate being the main commercially available products.23 

The dose for prophylaxis for severe Haemophilia A is 25-40 units/kg, 3 times per week. Levels are monitored 
via Factor VIII assay with the units reported as a percentage of normal. The dose in emergency bleeding will 
vary depending on factor levels and is best guided by a haemophilia treatment centre (HTC).24

Currently there is no indication for the use of Factor VIII in the perioperative period other than in the 
management of haemophilia.

FACTOR IX
Factor IX is cleaved by Factor XIa of the contact pathway or Factor VIIa of the tissue factor pathway to form 
Factor IXa. Then Factor IXa, in the presence of Ca2+, membrane phospholipids, and a Factor VIII cofactor, 
hydrolyses one arginine-isoleucine bond in Factor X to form Factor Xa which helps begin the initiation of clot 
formation. Factor Xa is required to convert prothrombin to thrombin. However, if antithrombin is present, Factor 
IX is inhibited.25

Deficiencies in Factor IX manifest as Haemophilia B, also known as Christmas disease, presents with a range 
of severities depending on the gene defect. Although it is the second most common haemophilia, it is generally 
less severe than Haemophilia A.26 It too, is inherited as an X-linked recessive disorder. Female carriers are 
usually asymptomatic. 

Again, like Factor VIII there are three formulations. Plasma-derived Factor IX, recombinant Factor IX, and 
extended half-life recombinant Factor IX (Alprolix being the most widely used).4

In the absence of an inhibitor, the dose required is obtained by multiplying the patient’s weight in kilograms 
by the desired factor level. Each international unit (amount in 1 mL of normal pooled plasma) of Factor IX 
per kilogram of body weight will raise the plasma Factor IX level by about 1 IU/dl.27 For example, a 50 kg 
patient who needs a level of 40 IU/dl would need 2000 units of plasma-derived Factor IX. Vials of Factor IX 
concentrates are available in doses ranging from 250 to 3000 units each.

FACTOR XI
Factor XI deficiency, Haemophilia C, is an extremely rare condition with prevalence around 1 in 1 million that is 
usually inherited in an autosomal recessive pattern.28,29 This condition shows a significant clinical heterogeneity 
depending on the degree of factor deficiency. It is thought that Factor XI is more important in developing 
thrombosis, rather than haemostasis, although some case series report higher rates of epistaxis, menorrhagia, 
and perioperative or post-partum bleeding.29 The condition is usually much less severe than other forms of 
haemophilia, usually with minimal impact on patients’ daily lives.
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Given the rarity of this condition, Haemoleven (Factor XI) is not routinely kept in HTCs and may have to be 
ordered well in advance if required. It is indicated for prophylaxis in major surgery or for treatment of bleeding in 
severe Factor XI deficiency with no inhibitor. 

If the inhibitor screen is positive, then it is advised to use Factor VIIa as a bypass agent instead. However, 
most surgical procedures do not require prophylaxis as the coagulation defect tends to be mild. For minor 
procedures or mild disease, individuals may reasonably choose expectant management or antifibrinolytic 
therapy. Hemoleven is a high-purity Factor XI concentrate derived from human plasma. The dose should be no 
more than 10-15 units/kg and there is a 10% thrombosis risk. A reasonable alternative is FFP for emergency 
situations or when Factor XI is unavailable.30

FACTOR XIII
Factor XIII deficiency is an autosomal recessive inherited bleeding disorder, characterised by spontaneous and 
provoked bleeding from sites such as the umbilical cord, or surgical, joint, and intracranial haemorrhages in 
patients who are homozygous. Menorrhagia, recurrent miscarriage, and impaired wound healing are also widely 
reported.31-33 Heterozygous carriers may show a bleeding tendency upon provocation such as traumatic injury 
or invasive procedures and in some cases, umbilical cord bleeding, menorrhagia, miscarriages, or postpartum 
bleeding.34

Factor XIII levels of less than 15% of normal have been established as the threshold at which bleeding risk is 
significantly elevated.35 However in some patients, effective haemostasis can be achieved with Factor XIII levels 
as low as 2-5% depending on genes involved in the mutation.36 

There are several Factor XIII replacement products commercially available including recombinant Factor 
XIII A-subunit (Tretten) and Factor XIII purified from human plasma (Fibrogammin and Fibrogammin-P).37 
Unlike most other coagulation factors, Factor XIII has a significantly longer half-life of 9-14 days and as such, 
replacement may be undertaken as infrequently as once per month. 

The recommended dose is 25-40 IU/kg administered intravenously. For hospitals that do not have access to 
purified Factor XIII concentrate, FFP or cryoprecipitate can also be used to supply Factor XIII in an emergency. 
Factor XIII content in cryoprecipitate is 60IU and in FFP is 288IU.38

Perioperative dosing is the same dosing for treatment of spontaneous bleeding (25-40 IU/kg). It is important 
to note that if a routine prophylaxis dose has been given in the previous seven days, further doses are unlikely 
to be required. Recent Factor XIII levels and inhibitor screening are suggested preoperatively. Factor XIII 
replacement products are generally well tolerated. The major disadvantages are limited availability due to low 
stock kept in most centres and high cost.

VON WILLEBRAND FACTOR AND BIOSTATE
Biostate is a plasma-derived factor product containing both Factor VIII and vWF in a ratio of 1:2 (250 IU FVIII 
and 500 IU VWF). It is used as prophylaxis and treatment of non-surgical and surgical bleeding and in patients 
with von Willebrand Disease when desmopressin (DDAVP) treatment is ineffective or contraindicated. It is also 
effective in Factor VIII deficiency due to Haemophilia A. Dosing is complicated and it is highly recommended 
that clinicians seek advice from an HTC for guidance. 

PROTHROMBIN COMPLEX CONCENTRATE
Prothrombinex, Beriplex, and Octaplex are all commercially available prothrombin complex concentrates (PCC). 
They all contain human plasma-derived vitamin K-dependent clotting Factors II, IX, X, variable amounts of Factor 
VII, and proteins C and S. Prothrombinex contains no Factor VII, while Beriplex P/N 250 contains 100-250 IU 
per vial and Beriplex P/N 500 contains 200-500 IU per vial.39 Potency of PCC preparations is standardised to 
Factor IX content (e.g. 500 IU/vial). 

The contents and indications of available PCCs are summarised in Figure 3.

Figure 3. Contents, approved indications, and off label uses for PPCs40

Concentrate Coagulation 
factors functional 
component(s)

Indications Off-label use/remark

4F-PCC Coagulation 
factors II, VII, IX, X 

Treatment and 
perioperative prophylaxis 
of bleeding in

Acquired deficiency of 
PCC factors, such as 
deficiency caused by 
treatment with vitamin K 
antagonists

Congenital deficiency of 
the vitamin K-dependent 
coagulation factors 
when purified specific 
coagulation factor 
products 
are not available 

Treatment of trauma-induced 
coagulopathy

Treatment of bleeds in patients with 
liver disease

Reversal of anticoagulation by 
direct Factor Xa and thrombin-
inhibiting oral anticoagulants 
(evidence based on several 
bleeding models in animals and 
human volunteers; substantial 
clinical evidence is lacking) 

3F-PCC Coagulation 
factors II, IX, X 

Prevention and control of 
bleeding in Haemophilia B 
patients 

Anticoagulant reversal agent for

for vitamin K antagonists (4F-PCC 
is superior to 3F-PCC)

for direct oral thrombin and factor 
Xa inhibitors (evidence based on 
a few bleeding models in animals; 
substantial clinical evidence is 
lacking) 

Activated-PCC Coagulation 
factors II, IX, X, 
VII-activated form 

Treatment and prophylaxis 
of bleeding in patients 
(Haemophilia A and B as 
well as non-
haemophiliacs) with 
inhibitors to 
Factors VIII or IX 

Anticoagulant reversal agent for

vitamin K antagonists (evidence 
based on a limited number of 
clinical studies)

direct oral thrombin and factor 
Xa inhibitors (evidence based 
on bleeding models in animals; 
substantial clinical evidence is 
lacking) 

The main benefits of PCCs are that they are low volume, permit rapid administration, and are readily available 
and cheap. It is indicated for the rapid normalisation of vitamin K-dependent clotting factors within 30 minutes. 
The dose is 25-50 IU\kg depending on extent of INR derangement. Generally, 1 IU\kg of Factor IX raises the 
Factor IX by approximately 1%. 

The most common use of PCC in Australia is for the reversal of warfarin, although there is increasing use in off-
label use for the management of trauma induced coagulation defects. When used in Haemophilia B, repeated 
doses result in the accumulation of Factor X due to its much longer half-life compared with that of Factor 
IX. Venous thromboembolism and disseminated intravascular coagulation have been reported after multiple 
doses.41 

ANTITHROMBIN CONCENTRATE (THROMBATE III OR THROMBOTROL®-VF) 
Antithrombin functions primarily by deactivating thrombin and activating Factor X and secondarily by 
deactivating Factors VII, IX and XII. Levels less than 60% result in thrombosis. Thrombate III is a plasma-
derived concentrate made from pooled human plasma indicated for hereditary or acquired AT deficiency in the 
prevention of venous thromboembolism.42 Antithrombin concentrates are also used in cardiac surgery for the 
management of heparin resistance as an alternative to FFP.43 
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NON-FACTOR THERAPY – EMICIZUMAB
Emicizumab (Hemlibra) is a recombinant humanised monoclonal antibody that binds to Factors IXa and X 
simultaneously, bringing these two molecules together and substituting for Factor VIIIa as a cofactor for Factor 
IXa in activating Factor X (Figure 4).44 This novel monoclonal antibody is an option for prophylaxis in individuals 
with Haemophilia A with or without inhibitors. However, it is not effective for the management of acute bleeding 
as it takes up to four weeks to achieve therapeutic effect. 

Therapy is started with a loading dose of 3 mg/kg subcutaneously once weekly for four weeks. Subsequent 
maintenance dosing regimens are 1.5 mg/kg subcutaneously once per week, 3 mg/kg subcutaneously once 
every two weeks, or 6 mg/kg subcutaneously once every four weeks. 

An adequate coagulation response is usually achieved within 4 weeks however there is no routine monitoring 
of coagulation status with emicizumab as standard aPTT-based coagulation tests and Factor VIII activity assays 
are affected by emicizumab itself and are therefore inaccurate. If an individual receiving emicizumab prophylaxis 
requires Factor VIII infusions, the Factor VIII activity and inhibitor titres must be measured using a bovine 
substrate-based chromogenic assay instead of the standard assay.45 Haematology input is recommended in 
this situation.

Figure 4. Mechanism of action of emicizumab in the activation of Factor Xa44

ELECTIVE SURGERY
Planning for elective surgery should include the patient, family or caregivers, and all relevant clinicians to ensure 
that best practices are followed. Patients will often have a good understanding of their condition and know 
which clinical team to contact for advice. This multidisciplinary approach is outlined in detail in the Guidelines 
for Management of Haemophilia in Australia which is a very useful resource for perioperative clinicians.46 

These guidelines emphasise the importance of collaborating with experts from an HTC to develop a 
haemostasis plan to cover the entire perioperative period. Preoperative assessment should include factor 
assays and inhibitor assays in addition to usual blood tests. It is important to focus on targeted factor 
replacement in preference to cryoprecipitate or FFP.

Surgery should ideally be undertaken at a centre with access to laboratory monitoring of factor activity levels 
and immediate availability of replacement factor concentrates. It is useful to care for these patients in hospitals 
affiliated with an HTC to allow timely and regular communication with the surgical teams and the patient’s 
treating haematologist. 

Patients should have their haemoglobin and coagulation optimised preoperatively and meticulous surgical 
technique should be used, with local haemostatic agents as appropriate. Where possible, procedures should 
be scheduled for early in the week and early in the day to allow for any management of complications in the 
following weekday and daylight hours.

In addition, postoperative screening for inhibitors in those that have received factor concentrate for the first time 
is recommended to detect those patients that have developed inhibitors as this will significantly affect future 
management. 

EMERGENCY SURGERY
Emergency surgery presents additional challenges in what is usually an already challenging situation for patients 
with an inherited bleeding disorder. Under the guidance of the local HTC, urgent infusion of factor to raise 
the factor activity to a level appropriate for the procedure is likely to be recommended. Emergency surgical 
procedures may need to be conducted in non-HTCs. In these cases, surgery should be performed in close 
consultation with the staff of HTC.46 

HOSPITALS WITH LIMITED BLOOD PRODUCT RESOURCES
Rural and remote settings may not have access to purified factor concentrates. Options here include the 
traditional approach of using FFP and cryoprecipitate (or indeed whole blood if available). For patients 
with Haemophilia A consider cryoprecipitate as an alternative option if available, as each bag will contain 
approximately 140IU of Factor VIII.47

CONCLUSION
In the past decade, there has been tremendous progress in coagulation factor fractionation adding to the 
available treatment options at our disposal. This is not only of benefit to patients with inherited clotting disorders 
but also those involved in major trauma, cardiac surgery, and obstetrics. The different types of haemophilia have 
been the driving force for progress in this area and as such, we have witnessed dramatic improvement in the 
prognosis for this group of patients. 

Coagulation is a complex process and perioperative management of patients with inherited clotting disorders 
requires specialist haematologist involvement via the local HTC. Anaesthetists need to have a good 
understanding of coagulation in vivo to understand why patients might be bleeding, and in vitro to accurately 
interpret the cause of abnormal coagulation test results. An understanding of the perioperative role of the 
major factor concentrates allows anaesthetists and perioperative physicians to undertake and oversee 
multidisciplinary decisions and care to assure optimal outcomes for patients.

REFERENCES
1.  Franchini M, Mannucci PM. Past, present and future of Hemophilia: A narrative review. Orphanet J Rare Dis. 2012; 7:24.
2.  Pier Mannuccio M. Hemophilia therapy: The future has begun. Haematologica. 2020; 105(3):545-53.
3. Kasper CK. Judith Graham Pool and the discovery of cryoprecipitate. Haemophilia. 2012; 18(6):833-5.
4.  Peyvandi F, Garagiola I, Young G. The past and future of Haemophilia: Diagnosis, treatments, and its complications. Lancet. 

2016; 388(10040):187-97.
5. Ljung R, Auerswald G, Benson G, Dolan G, Duffy A, Hermans C, et al. Inhibitors in Haemophilia A and B: Management of 

bleeds, inhibitor eradication and strategies for difficult-to-treat patients. Eur J Haematol. 2019; 102(2):111-22.
6.  What blood products are supplied - National product price list. [Internet]. Canberra: National Blood Authority; date 

unknown [cited 2023 apr 16]. Available from: https://www.Blood.Gov.Au/national-product-price-list.
7.  Amanda M, Jesse GM, Noelle De L, Candy T. Alternative factor prescribing after low-dose recombinant factor VIIa protocol 

in cardiac surgery. medRxiv. 2022:2022.04.30.22274528.
8.  Mosesson MW. Fibrinogen and fibrin structure and functions. J Thromb Haemost. 2005; 3(8):1894-904.
9. Wong H, Curry N. Do we need cryoprecipitate in the era of fibrinogen concentrate and other specific factor replacement 

options? ISBT Science Series. 2018; 13(1):23-8.
10. Neerman-Arbez M, de Moerloose P. Mutations in the fibrinogen gene cluster accounting for congenital afibrinogenemia: An 

update and report of 10 novel mutations. Hum Mutat. 2007; 28(6):540-53.
11. NZ blood. Data sheet Riastap [Internet]. Auckland: New Zealand Government; 2023 [cited 2023 Mar 1]. Available from: 

https://www.Nzblood.Co.Nz/assets/transfusion-medicine/pdfs/160s016.Pdf.
12.  Australian product information Riastap® (human fibrinogen). Canberra: Therapeutic Goods Administration; 2020 May 

21 [cited 2023 May 6]. Available from: https://www.Ebs.Tga.Gov.Au/servlet/xmlmillr6?Dbid=ebs/publichtml/pdfstore.
Nsf&docid=162828&agid=%28printdetailspublic%29&actionid=1.

13.  Winearls J, Wullschleger M, Wake E, McQuilten Z, Reade M, Hurn C, et al. Fibrinogen early in severe trauma study 
(FEISTY): Results from an Australian multicentre randomised controlled pilot trial. Crit Care Resusc. 2021; 21(1):32-46.

14.  Morrow GB, Feller T, McQuilten Z, Wake E, Ariëns RAS, Winearls J, et al. Cryoprecipitate transfusion in trauma patients 
attenuates hyperfibrinolysis and restores normal clot structure and stability: Results from a laboratory sub-study of the 
FEISTY trial. Crit Care. 2022; 26(1):290.

15.  Clinicaltrials.gov. Fibrinogen Early In Severe Trauma studY II (FEISTY II) [Internet]. Maryland, USA: US National Library 
of Medicine; 2022 [updated 2023 Mar 02; cited 2023 May 10]. Available from: https://clinicaltrials.Gov/ct2/show/
nct05449834.

16. Wajima T, Isbister GK, Duffull SB. A comprehensive model for the humoral coagulation network in humans. Clin Pharmacol 
Ther. 2009; 86(3):290-8.

17. Hedner U. Recombinant activated factor VII: 30 years of research and innovation. Blood Rev. 2015; 29 Suppl 1:S4-8.

https://www.Blood.Gov.Au/national-product-price-list
about:blank
https://www.Ebs.Tga.Gov.Au/servlet/xmlmillr6?Dbid=ebs/publichtml/pdfstore.Nsf&docid=162828&agid=%28printdetailspublic%29&actionid=1
https://www.Ebs.Tga.Gov.Au/servlet/xmlmillr6?Dbid=ebs/publichtml/pdfstore.Nsf&docid=162828&agid=%28printdetailspublic%29&actionid=1
https://clinicaltrials.Gov/ct2/show/nct05449834
https://clinicaltrials.Gov/ct2/show/nct05449834


152 Australasian Anaesthesia 2023

18. Chang Z, Chu X, Liu Y, Liu D, Feng Z. Use of recombinant activated factor VII for the treatment of perioperative bleeding 
in noncardiac surgery patients without hemophilia: A systematic review and meta-analysis of randomized controlled trials. J 
Crit Care. 2021; 62:164-71.

19. Vincent JL, Rossaint R, Riou B, Ozier Y, Zideman D, Spahn DR. Recommendations on the use of recombinant activated 
factor VII as an adjunctive treatment for massive bleeding - a European perspective. Crit Care. 2006; 10(4):R120.

20. Konkle BA, Nakaya Fletcher S. Hemophilia A. 2000 Sep 21 [Updated 2022 Oct 27]. In: Adam MP, Mirzaa GM, Pagon RA,  
et al., editors. GeneReviews® [Internet]. Seattle (WA): University of Washington, Seattle; 1993-2023. [cited 2023 Mar  
10] Available from: https://www.ncbi.nlm.nih.gov/books/NBK1404/pdf/Bookshelf_NBK1404.pdf 

21.  Mingot-Castellano ME, Rodríguez-Martorell FJ, Nuñez-Vázquez RJ, Marco P. Acquired Haemophilia A: A review of what we 
know. J Blood Med. 2022; 13:691-710.

22. Franchini M. Plasma-derived versus recombinant factor VIII concentrates for the treatment of Haemophilia A: Recombinant 
is better. Blood Transfus. 2010; 8(4):292-6.

23. Chhabra A, Spurden D, Fogarty PF, Tortella BJ, Rubinstein E, Harris S, et al. Real-world outcomes associated with 
standard half-life and extended half-life factor replacement products for treatment of Haemophilia A and B. Blood Coagul 
Fibrinolysis. 2020; 31(3):186-92.

24. Srivastava A, Santagostino E, Dougall A, Kitchen S, Sutherland M, Pipe SW, et al. WFH guidelines for the management of 
Hemophilia, 3rd edition. Haemophilia. 2020; 26 Suppl 6:1-158.

25.  Di Scipio RG, Kurachi K, Davie EW. Activation of human factor IX (Christmas factor). J Clin Invest. 1978; 61(6):1528-38.
26. Philip J, Sarkar RS, Kumar S, Prathip BR, Pathak A. Factor IX deficiency (Christmas disease). Med J Armed Forces India. 

2012; 68(4):379-80.
27.  Björkman S, Berntorp E. Pharmacokinetics of coagulation factors: Clinical relevance for patients with Haemophilia. Clin 

Pharmacokinet. 2001; 40(11):815-32.
28.  Mumford AD, Ackroyd S, Alikhan R, Bowles L, Chowdary P, Grainger J, et al. Guideline for the diagnosis and management 

of the rare coagulation disorders: A United Kingdom Haemophilia centre doctors' organization guideline on behalf of the 
British Committee for Standards in Haematology. Br J Haematol. 2014; 167(3):304-26.

29. Dhaha Y, El Borgi W, Elmahmoudi H, Achour M, Fekih Salem S, Ben Lakhal F, et al. Factor XI deficiency: About 20 cases 
and literature review. Tunis Med. 2022; 100(1):60-5.

30. Duga S, Salomon O. Congenital factor XI deficiency: An update. Semin Thromb Hemost. 2013; 39(6):621-31.
31.  Lak M, Peyvandi F, Ali Sharifian A, Karimi K, Mannucci PM. Pattern of symptoms in 93 Iranian patients with severe Factor 

XIII deficiency. J Thromb Haemost. 2003; 1(8):1852-3.
32. Eshghi P, Abolghasemi H, Sanei-Moghaddam E, Anwar R, Jazebi M, Amid A, et al. Factor XIII deficiency in south-east Iran. 

Haemophilia. 2004; 10(5):470-2.
33.  Anwar R, Minford A, Gallivan L, Trinh CH, Markham AF. Delayed umbilical bleeding - a presenting feature for factor XIII 

deficiency: Clinical features, genetics, and management. Pediatrics. 2002; 109(2):e32-e.
34. Mahmoodi M, Peyvandi F, Afrasiabi A, Ghaffarpasand F, Karimi M. Bleeding symptoms in heterozygous carriers of inherited 

coagulation disorders in southern Iran. Blood Coagul Fibrinolysis. 2011; 22(5):396-401.
35.  Menegatti M, Palla R, Boscarino M, Bucciarelli P, Muszbek L, Katona E, et al. Minimal factor XIII activity level to prevent 

major spontaneous bleeds. J Thromb Haemost. 2017; 15(9):1728-36.
36. Inbal A, Oldenburg J, Carcao M, Rosholm A, Tehranchi R, Nugent D. Recombinant factor XIII: A safe and novel treatment 

for congenital factor XIII deficiency. Blood. 2012; 119(22):5111-7.
37. Gootenberg JE. Factor concentrates for the treatment of factor XIII deficiency. Curr Opin Hematol. 1998; 5(6):372-5.
38.  Caudill JS, Nichols WL, Plumhoff EA, Schulte SL, Winters JL, Gastineau DA, et al. Comparison of coagulation factor XIII 

content and concentration in cryoprecipitate and fresh-frozen plasma. Transfusion. 2009; 49(4):765-70.
39.  Australian public assessment report for human prothrombin complex. Proprietary product name: Beriplex p/n. Canberra: 

Therapeutic Goods Administration; 2010 [cited 2023 May 6]. 51 p. Available from: https://www.Tga.Gov.Au/sites/default/
files/auspar-beriplex.pdf.

40.  Herm Jan MB. Anticoagulation therapy. Rijeka: IntechOpen; 2016. Prothrombin complex concentrate, a general antidote for 
oral anticoagulation; p. Ch. 5.

41.  Prothrombinx-VF [package insert]. Vic, Australia. CLS Limited; 2020. Available from: https://labeling.Cslbehring.Com/pi/au/
prothrombinex-vf/en/prothrombinex-vf-product-information.pdf.

42. Thrombotrol-VF [package insert]. VIC, Australia: CSL Limited; 2020. Available from: https://labeling.Cslbehring.Com/pi/au/
thrombotrol-vf/en/thrombotrol-vf-product-information.pdf.

43. Spiess BD. Treating heparin resistance with antithrombin or fresh frozen plasma. Ann Thorac Surg. 2008; 85(6):2153-60.
44. Sampei Z, Igawa T, Soeda T, Okuyama-Nishida Y, Moriyama C, Wakabayashi T, et al. Identification and multidimensional 

optimization of an asymmetric bispecific IgG antibody mimicking the function of factor VIII cofactor activity. PLoS ONE. 
2013; 8(2):e57479.

45.  Adcock DM, Strandberg K, Shima M, Marlar RA. Advantages, disadvantages and optimization of one-stage and 
chromogenic factor activity assays in Haemophilia A and B. Int J Lab Hematol. 2018; 40(6):621-9.

46. Guidelines for the management of haemophilia in Australia. A joint project between Australian Haemophilia Centre 
Directors’ Organisation, and the National Blood Authority, Australia 2016 [coted 2023 apr 16]. Available from: https://www.
Blood.Gov.Au/system/files/haemophiliaguidelines-interactive-updated-260317v2.pdf.

47. Bejrachandra S, Chandanayingyong D, Visudhiphan S, Tumliang S, Kaewkamol K, Siribunrit U. Factor viii, factor IX and 
fibrinogen content in cryoprecipitate, fresh plasma and cryoprecipitate-removed plasma. Southeast Asian J Trop Med 
Public Health.1993; 24 Suppl 1:162-4.

https://www.ncbi.nlm.nih.gov/books/NBK1404/pdf/Bookshelf_NBK1404.pdf
https://www.Tga.Gov.Au/sites/default/files/auspar-beriplex.pdf
https://www.Tga.Gov.Au/sites/default/files/auspar-beriplex.pdf
https://labeling.Cslbehring.Com/pi/au/prothrombinex-vf/en/prothrombinex-vf-product-information.pdf
https://labeling.Cslbehring.Com/pi/au/prothrombinex-vf/en/prothrombinex-vf-product-information.pdf
https://labeling.Cslbehring.Com/pi/au/thrombotrol-vf/en/thrombotrol-vf-product-information.pdf
https://labeling.Cslbehring.Com/pi/au/thrombotrol-vf/en/thrombotrol-vf-product-information.pdf
https://www.Blood.Gov.Au/system/files/haemophiliaguidelines-interactive-updated-260317v2.pdf
https://www.Blood.Gov.Au/system/files/haemophiliaguidelines-interactive-updated-260317v2.pdf

	Blank Page



