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Fibrinogen administration in prehospital trauma 
Evidence at a glance

1.
Patients with traumatic critical bleeding 
usually require replacement of clotting factors 
with donor (allogeneic) blood products. 

2.
Allogeneic blood products may not be  
available in the prehospital setting,  
particularly in regional and rural areas  
where the time to definitive trauma care is 
usually longer than in metro areas. 

 3.
This report looks at evidence for whether  
FC could be provided for treatment in the 
prehospital setting, e.g. Helicopter Emergency 
Medical Services (HEMS). 

Key points in the report 

• Current published evidence  
is low quality.

• Suggests FC in hospital 
setting is safe and effective. 

• Logistic advantages for FC 
with storage, preparation 
and more rapid 
administration.

Outcomes
In the absence of allogenic products, FC 
could be considered as a reasonable 
prehospital alternative. This is best 
conducted under clinical trial conditions.  

Fibrinogen concentrate (FC) is freeze dried fibrinogen, a vital clotting factor. This 
report considers if FC is a reasonable alternative to allogeneic products in the 
prehospital setting by examining the literature regarding patient mortality, intensive 
care unit (ICU) length of stay, safety, need for additional blood products, storage, 
administration and costs.
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In NSW, standard trauma management for critical 
bleeding involves replacing clotting factors with 
donor (allogeneic) blood products, including 
cryoprecipitate, platelets and fresh frozen plasma 
(FFP). These are readily available in many 
hospitals. However, they may not be available in 
the prehospital setting, particularly in rural and 
remote NSW. People injured in rural and remote 
areas may face long delays to definitive 
intervention in a trauma centre. It has been 
proposed by senior clinicians that NSW Ambulance 
(NSWA) Helicopter Emergency Medical Service 
(HEMS) teams be equipped with fibrinogen 
concentrate (FC) to treat coagulation 
derangements where allogeneic products are not 
available. 

This document is the NSW Institute of Trauma and 
Injury Management (ITIM) Trauma Innovation 
Committee (TIC) review of the evidence on FC for 
the treatment of trauma-related critical bleeding  
in the prehospital context, as well as the role 
fibrinogen replacement plays in critical bleeding 
generally. It presents a review of the available 
literature on fibrinogen replacement with  
regards to: 

• patient outcomes of mortality

• intensive care unit (ICU) length of stay

• safety, risks and the need for additional blood 
products

• the logistical issues of product storage

• administration and costs

• the potential role that FC could play in the 
prehospital setting.  

Critical bleeding from traumatic injury causes 
derangements in coagulation and has a direct 
relationship to mortality.1, 2 Fibrinogen is a pivotal 
clotting factor. It is the first clotting factor to fall to 
critical low levels following haemorrhage. Low 
levels are associated with poorer outcomes, and 
are an independent predictor of mortality.3-6

However, survival is associated with fibrinogen 
replacement.7-12 Clotting factor replacement using 
cryoprecipitate and FFP is integral to managing 
bleeding in traumatic injury.7-13 In the major 
hospital setting, these products are easily obtained 
and are part of the standard management of 
traumatic injury. However, in the prehospital 
setting, these allogeneic products are not generally 
available, particularly in rural and remote NSW.  

The literature and general consensus support that 
FC in the hospital setting is considered safe and 
efficacious and is likely to have similar positive 
benefits in the prehospital setting. However, 
although there is some evidence supporting the 
use of FC in critically-bleeding patients, the use of 
allogeneic products remains the clinical standard 
of practice. 

In the absence of allogeneic products to manage 
critical bleeding in the prehospital context, there  
is a likelihood of poorer outcomes and FC may be  
a reasonable alternative. Further to this, due to  
the lack of high-level evidence supporting the 
prehospital use of FC, any intention of regularly 
administering prehospital FC is best done under 
clinical trial conditions. 

Executive summary
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In Australia, injury is a leading cause of death, 
illness and disability.14 Haemorrhage is responsible 
for over 35% of prehospital deaths, and over 40% 
of deaths within the first 24 hours.15 The majority 
of these deaths are considered preventable with 
the right treatment available at the right time. 

Managing patients with trauma-related critical 
bleeding in rural and remote NSW is particularly 
challenging when compared with metropolitan 
areas.16 People who are injured in these areas face 
prolonged delays to definitive surgical trauma care 
because of both their physical distance from a 
trauma service, and the protracted transport and 
scene times that accompany helicopter and fixed 
wing transfers. 

As a result, treating clinicians rely more heavily  
on blood products to manage haemorrhage, 
aiming to sustain life until surgical haemostasis 
can be achieved. In the prehospital setting, 
allogeneic blood products are difficult to obtain, 
and without them, these patients are at higher risk 
of a poor outcome. 

NSW ITIM, an institute within the Agency for 
Clinical Innovation (ACI), is the body responsible for 
overseeing, coordinating and supporting the NSW 
trauma system. ITIM is supported by five 
committees of senior trauma clinicians, one of 
them being the TIC. The TIC provides clinical 
subject matter expertise on project feasibility, 
desirability, execution, and implementation to the 
ITIM executive. It also assists with communicating 
ITIM initiatives to the trauma network.

This document is the NSW ITIM TIC’s review  
of the evidence for fibrinogen replacement for 
critical bleeding in trauma, in the form of allogeneic 
products (cryoprecipitate, FFP, and platelets)  
and the non-allogeneic product, FC. It addresses 
the potential role that FC could play in the 
prehospital setting. 

Introduction

Method

Question design

This report looked at published evidence regarding 
suitability of FC for prehospital use. The question 
was framed: “Is FC administration a reasonable 
alternative in the absence of cryoprecipitate when 
clinically indicated in the prehospital context?”

Document structure

There are two main components in this review:

1. Examination of the current worldwide evidence 
on FC, with a focus on safety, efficacy, mortality, 
ICU length of stay, need for additional blood 
products, serum fibrinogen response and cost.

2. The response to the above question based on 
evidence reviewed and expert consensus. 

Who is this document for?

This document is designed for prehospital clinicians 
and their governing authorities who are considering 
FC as an option in the management of traumatic 
critical bleeding, where allergenic blood products 
are not available. It is focused on NSW but could be 
applied to other jurisdictions and contexts. 

Search methodology

Literature was attained by searching the PubMed 
database, using the following search terms; 
“Fibrinogen concentrate”, “trauma” and 
“prehospital”. The term “prehospital” limited the 
search to six results. To increase the sensitivity, 
prehospital was removed. Additional limits were set 
including papers published 2005–2021 as of 
September 2021 and only written in English 
resulting in 132 articles.

Other articles are referenced in this document, that 
were not part of the initial search. These are listed 
in the references section.
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Coagulopathy in trauma

Major haemorrhage can cause acute coagulation 
abnormalities. Acute traumatic coagulopathy (ATC) 
is a profound and complex derangement of the 
coagulation system that occurs in response to 
major trauma. It results in catastrophic bleeding, 
occurs within minutes of injury and is associated 
with a mortality rate of 25-40%.1, 2 

Clotting factors are considered integral to 
managing bleeding in traumatic injury.13 In critical 
bleeding they are administered alongside red blood 
cells to provide a balanced replacement of blood 
and to manage ATC.13 The National Blood 
Authority (NBA) recommends that use of massive 
transfusion protocol (MTP), including the dose, 
timing and ratio of blood component therapy, is 
associated with reduced mortality.13 Within the 
hospital environment, MTPs have been widely 
adopted and proven to have short and long term 
survival benefits in critical bleeding.17  

Fibrinogen is a key clotting factor. It is produced in 
the liver at a rate of 2-5g per day, with normal 
plasma levels being 2-4.5 grams per litre (g/L). 
Fibrinogen is converted to fibrin after being 
activated by tissue and vascular injury or 
bleeding.18 It creates a crosslinked mesh to hold 
platelet plugs together, occluding blood vessels 
and arresting excessive bleeding.19 

In critical bleeding, serum fibrinogen falls quickly  
to dangerous levels, much faster than red blood 
cells do.10 Low fibrinogen is associated with poorer 
outcomes and is an independent predictor of 
mortality in patients with severe trauma.3-6 
Treating low fibrinogen is considered to be highly 
important in the management of critical bleeding. 
Evidence suggests that supplementing fibrinogen 
early increases survival through improvements  
in coagulation.7-10, 12, 20 

A review of the literature in relation to fibrinogen 
replacement, found that internationally there  
are variations in the recommendations about the 
levels at which to replace fibrinogen in critically-
bleeding patients. 

Recommendations for levels where fibrinogen 
should be replaced include:

• The NBA and Canadian guidelines recommend 
replacing at less than 1g/L.21 

• The European trauma guideline recommends 
replacing at ≤1.5g/L.22 

• Hagemo et al. recommend replacing at less than 
2.29g/L.23 

• In obstetric patients with postpartum 
haemorrhage, replacement is recommended at 
less than 2g/L.24 

The likelihood of death within 28 days of trauma-
related bleeding was reduced by 0.08% with every 
unit increase in fibrinogen concentration. This 
highlights that the negative impact of low 
fibrinogen concentrations may still be 
underestimated in daily trauma care when 
compared to current guidelines.23

Clotting factor replacement

In Australia, the allogeneic products used to 
replace clotting factors are cryoprecipitate, FFP, 
extended life plasma (ELP) and platelets. Non-
allogeneic products available in NSW are FC, 
prothrombin complex and other single factor 
preparations. Fibrinogen supplementation, 
specifically, is provided by transfusion of FFP or 
ELP, cryoprecipitate or FC (only congenital 
conditions and approved trials). These products 
are described below.

Background
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Allogeneic clotting factors

Fresh frozen plasma (FFP)

• FFP is the liquid portion of whole blood made 
either from apheresis plasma, or by depleting 
whole blood of all blood cells. One unit of FFP 
contains all of the coagulation factors.25

• FFP is used to treat trauma patients requiring 
replacement clotting factors, patients on blood 
thinning medications to reverse the effects,  
and to replace missing plasma proteins or  
other substances.25 

• FFP contains anti-A and anti-B antibodies,  
and therefore must be type-matched to the 
patient. FFP can be stored for 12 months at  
or below -25°C.25

• FFP is not recommended to correct 
hypofibrinogenemia due to its high volume and 
relatively low fibrinogen levels.26

Extended life plasma (ELP)

• ELP has similar characteristics and therefore 
clinical utility to FFP and in most cases can be 
considered a complementary component.27

• ELP is thawed FFP which can be stored up to 5 
days at temperatures 2-6°C.27

• Advantage of ELP is it is available immediately 
for emergency use.27

• ELP has been implemented in several NSW 
retrieval services after the PAMPer study.28

• ELP is not recommended to correct 
hypofibrinogenemia due to its high volume and 
relatively low fibrinogen levels.29

Cryoprecipitate

• Cryoprecipitate is a concentrated blood component 
made from FFP. Cryoprecipitate contains blood 
clotting proteins, including fibrinogen, factors VIII 
and XIII, and von Willebrand factor. One unit of 
cryoprecipitate contains greater than or equal to 
140mg of fibrinogen.25

• Cryoprecipitate is used to treat patients with low 
or poorly functioning clotting proteins, particularly 
fibrinogen, and particularly in the context of 
bleeding, invasive procedures or trauma.25

• Cryoprecipitate can be stored for 12 months at or 
below -25°C. Once thawed, it must be stored at 
20-24°C until transfusion, and then used within 
4-6 hours.25

• Cryoprecipitate is the accepted treatment for 
fibrinogen replacement in critical bleeding but 
similar to FC, is only supported by low level 
evidence.3, 4, 13 Jensen et al. stated in their 
systematic review that there was limited 
evidence comparing FC to cryoprecipitate and 
concluded it was not possible to recommend one 
product over another. 30

Platelets

• Platelets are fragments of megakaryocyte cells 
and are obtained by separating them from whole 
blood or through apheresis. Platelets are 
activated by chemicals that are released from 
damaged tissue. Following activation, they 
change shape, clump together and stick to 
damaged tissue. This ‘platelet plug’ begins the 
process of clot formation and bleeding control.18

• Platelet transfusions are used to treat patients 
with low or non-functioning platelets, who are 
bleeding or at high risk of bleeding, and who  
are unlikely to make their own platelets in a 
timely manner.25
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• Platelets are stored at room temperature, 
between 20-24°C. As a result, they are at a 
higher risk of bacterial contamination and have  
a shelf life of only seven days. A unit of platelets 
needs to be constantly rocked during storage  
to prevent the platelets clumping together.25

Access to allogeneic clotting factors

• In the hospital setting in NSW, allogeneic  
clotting factors are obtained through local  
blood banks and are administered as part of  
a standard management strategy for trauma-
related critical bleeding. 

• Only a relatively small number of NSW public 
hospitals hold allogeneic clotting factors (i.e. 
approximately 40 of 220 hospitals hold FFP).

• In the prehospital setting, allogeneic clotting factors 
are obtained, when available, from local network 
blood inventories via an agreement between NSW 
Health Pathology and the NSWA HEMS, known  
as the Retrieval Transfusion Procedure (RTP).31

• Some NSW HEMS teams have begun carrying 
limited quantities of ELP. This appears to be 
dependent on local arrangements and capacity 
of the supplying blood bank. Regional HEMS 
teams are not likely to have access to ELP.

• Despite having the RTP and ELP, NSWA HEMS 
teams continue to report difficulties in obtaining 
enough products for trauma patients, particularly 
in rural and remote NSW. In rural and remote 
NSW, FFP, cryoprecipitate and platelets are not 
held in every blood inventory. Where they are 
held, the specifications about product storage, 
preparation and transfer distances limit the 
number of units available for prehospital 
patients. Furthermore, as these products are 
shared between the NSWA HEMS and the local 
hospitals, there can be negative flow-on effects 
if in-hospital patient demands are not met when 
blood products are allocated to a NSWA HEMS.

Non-allogeneic clotting factors

Prothrombin complex

• Prothrombin complex is a non-allogeneic clotting 
factor derived from plasma.32

• It is used in the prevention and treatment of 
bleeding in patients with acquired prothrombin 
complex factor deficiency, requiring partial or 
complete reversal (e.g. reversal of warfarin 
anti-coagulant therapy). It is also recommended 
for the prevention and treatment of bleeding in 
patients with single or multiple congenital 
deficiency of factor II, IX and X. It is not routinely 
administered as a substitute for FFP.32

Fibrinogen concentrate

• FC is a non-allogeneic clotting factor. It is a 
freeze dried lyophilised preparation of fibrinogen. 
One glass vial contains 900mg of fibrinogen and 
is administered in doses of 4-8g.33 A dose of 4g 
increases serum fibrinogen levels by 
approximately 1g/L.34

• FC is used to replace fibrinogen. 

• FC is stored at 2-8°C and has a five-year shelf 
life from the date of manufacture.35

• If the product has been taken from cold storage, 
and then not required, the product should be 
returned to cold storage as soon as possible. 
Reuse of the unconstituted material is acceptable 
if the material is not out of cold storage for more 
than six days or exceed 40°C at any time.34
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Access to non-allogeneic clotting factors

• In Australia, FC is registered under the  
product name “RiaSTAP: human fibrinogen 1g 
powder for injection vial”. It is approved under 
the Therapeutic Goods Act (TGA) for the 
treatment of acute bleeding episodes in patients 
with the congenital fibrinogen deficiencies of 
afibrinogenaemia and hypofibrinogenaemia.35, 36 

It is used under a clinical trials framework  
(i.e. Fibrinogen Early In Severe Trauma Study 
(FEISTY) trial), and currently used off label  
in MTPs such as in the Queensland Health 
Service.37, 38

• Internationally, several European countries 
began using FC in the 1990s after a rise in 
infections from allogeneic blood products led to a 
desire for risk-free alternatives. Post-marketing 
surveillance at the time demonstrated overall 
product safety, and in certain countries, such as 
Germany, FC has remained the only fibrinogen 
product available to treat low fibrinogen of any 
form. In these countries, FC is also considered 
standard therapy for major trauma patients 
requiring a MTP.39 FC was used in the reversal of 
trauma-induced coagulopathy (RETIC),40 
randomised trial evaluating the use of 
prothrombin complex concentrate to improve 
survival in patients with traumatic coagulopathy 
(REPLaCE)41 and zero-plasma trial (ZEPLAST)42 
trials internationally.

Agency for Clinical Innovation 7 aci.health.nsw.gov.au

Fibrinogen administration in prehospital trauma – Evidence Report  March 2022

https://aci.health.nsw.gov.au/


A review of the literature available on fibrinogen 
replacement (FC and allogenic products) was 
undertaken, particularly looking at patient outcomes 
of mortality, ICU length of stay, safety, risks and the 
need for additional blood products. The literature 
review also considered logistical issues of product 
storage, administration and cost to the health 
system. These outcomes are presented below. In 
NSW, most trauma patients with critical bleeding in 
the prehospital setting do not receive clotting 
factors. The outcomes should therefore be 
considered in this context. 

In a 2014 systematic review by Lunde et al., there 
was beneficial evidence of the use of FC in the 
hospital setting, with a significant reduction in 
bleeding and transfusion requirements.43 However, 
mortality data was lacking and the standard use  
of fibrinogen across all settings was only supported 
by non-randomised studies with methodological 
shortcomings. The authors concluded that the 
general use of FC appears premature in the 
management of bleeding and coagulopathic 
patients and suggests more studies in this field  
are required. 

The FEISTY and RETIC trials are particularly 
relevant to this review as they are the first 
randomised controlled trials to compare FC to an 
allogeneic product in severe traumatic 
haemorrhage. FEISTY compared cryoprecipitate to 
fibrinogen concentrate, and RETIC compared FC to 
FFP. The results of the RETIC and FEISTY trials are 
highlighted below for this reason. Please note the 
FEISTY trial was not powered for secondary 
outcomes (i.e. results related to mortality, ICU and 
hospital length of stay were only hypothesised by 
the author).

Of particular interest is the Ziegler et al. randomised 
controlled trial (RCT) (n=53), which studied FC 
administration in prehospital trauma patients, 
examining clot stability in patients bleeding or 
presumed to bleed.44 The FC arm (n=28) was 

compared against the placebo arm (n=25) by 
measuring clot stability using fibrin-based 
thromboelastometry (FIBTEM) assay, before and 
after intervention. The fibrinogen arm results 
suggest greater protection against early fibrinogen 
depletion, promoting rapid blood clot initiation and 
clot stability when administered compared to the 
placebo arm. This study also suggests that 
prehospital administration of FC to severely injured 
patients is feasible. Mortality, ICU length of stay and 
need for additional blood products were not study 
end points for this trial.

Mortality

Only a few studies report on mortality, with either a 
placebo or an allogeneic product as the comparator 
to FC. 

A feasibility study compared FC to placebo in the 
treatment of ATC. It showed no significant difference 
in 28-day mortality rate between the two groups.45 

Of the three systematic reviews found, two were 
powered to study mortality outcomes (Mengoli et 
al.46 and Stabler et al.47) and one was not (Jenson et 
al.30). Mengoli et al. examined the role of FC in ATC, 
and its impact on mortality. It found no statistical 
difference between FC and allogeneic blood 
products on mortality. However, the author 
commented that the quality of the data was poor, 
and that further randomised controlled trials would 
assist with determining the exact role of FC in 
trauma-related critical bleeding.46 Stabler et al. 
examined the efficacy and safety of pre-emptive 
and goal-directed FC in the management of trauma-
related haemorrhage and concluded there was no 
statistically significant difference in mortality 
between the fibrinogen and comparator arms.47

The RETIC trial compared FC with FFP and reported 
no significant difference on mortality.40 However, 
the trial was terminated early for futility and safety 
reasons because of the high proportion of patients 

Literature review
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in the FFP group who required rescue therapy 
compared with those in the FC group.

Itagak et al. conducted a single-centre retrospective 
study and concluded that severe trauma patients 
(ISS≥16) who received FC within the first hour of 
emergency department (ED) admission had a 
significant higher in-hospital survival rate than the 
control who didn’t receive FC.48

Hamada et al. noted in their propensity score 
analysis that FC given within six hours of traumatic 
haemorrhagic shock did not decrease the 24-hour 
all-cause mortality.49

The FEISTY study looked at the early replacement 
of fibrinogen in patients with traumatic 
haemorrhage, comparing the use of FC to 
cryoprecipitate. Higher mortality was shown in the 
FC arm. However, the author did note that there 
were limitations with this outcome due to the 
baseline group not being entirely balanced. It was 
noted that 50% of deaths in the FC arm related to 
unsurvivable head injury, all of which had a pre-
hospital Glasgow Coma Scale (GCS) scores of 3 and 
very likely to have a poor outcome.50

Conclusion: There is only a small evidence base 
regarding survival outcomes for FC in trauma 
patients, and no strong evidence to suggest FC has 
additional mortality benefits when compared with 
allogeneic products. 

Intensive care unit and hospital  
length of stay 

Four retrospective studies demonstrated that 
patients who were given FC spent less time in  
an ICU than those who received allogeneic 
products.41, 51-53

A study by Schochl found no difference in ICU 
length of stay but did find a difference in hospital 
length of stay. Patients who received FC stayed a 

median 23 days, compared with 32 days for those 
receiving allogeneic products.53

The RETIC trial did not demonstrate statistical 
differences in ICU or hospital length of stay for 
patients who received FC, when compared with 
allogeneic products. 

The FEISTY trail had a shorter ICU length of stay: 3.7 
(FC) versus 7.7 (cryo) versus 2.9 (neither) days and a 
shorter hospital length of stay in the FC group: 12 
(FC) versus 22 (cryo) versus 14 (neither) days.

Conclusion: There is low level evidence that FC 
reduces either ICU or overall in-hospital length of 
stay when compared to allogeneic products.

Need for additional blood products

The National Safety and Quality Health Standards 
(NSQHS) – Standard 7: Blood and blood products 
notes the importance of avoiding unnecessary 
transfusions and the recommended strategies for 
reducing the need for transfusion, due to the risk 
that allogeneic blood transfusions pose to 
patients.54 The standard highlights that incremental 
increases of blood products correspond to an 
increased risk in mortality and various morbidities.54

Studies by Rahe-Meyer and Nienaber found there 
was a reduction in allogeneic transfusions of red 
blood cells (RBCs), platelets and FFP for patients 
who received FC.52, 55 

Schochl’s retrospective analysis compared FC and 
prothrombin complex concentrate (PCC) to a 
standard FFP-based therapy.53 In examining the 
need for red blood cells (RBCs) post administration, 
Schochl found that significantly more patients in the 
FFP group required a RBC and/or platelet 
transfusion than the FC and PCC group.53 
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The RETIC trial found that patients treated with FC 
received fewer RBC transfusions than those treated 
with FFP.40 Furthermore, it found that patients who 
did not receive FC were more likely to receive a 
massive transfusion and platelets.40 

Itagak et al. observed that the FC group had 
significantly higher amounts of transfusions during 
the first six hours after ED arrival, although the FC 
and control groups had similar total amounts of 
transfusions (RBC, FFP and PC) between 6 hours 
and 24 hours after ED arrival.48

The FEISTY trial revealed that blood product 
transfusion and fluid resuscitation were similar in 
both FC and cryoprecipitate arms.50

Stabler et al. revealed there was no statistical 
difference between FC and control in packed  
RBC, fresh frozen plasma, or platelet transfusion 
requirements and thromboembolic events.47

Conclusion: There is evidence to suggest that FC 
may reduce the overall need for blood products, 
and that there is a reduction in both patient risk and 
health system costs associated with this. 

Serum fibrinogen response

One study by Jensen et al. demonstrated that there 
were increases in fibrinogen levels and reduced 
bleeding after equivalent doses of FC and 
cryoprecipitate; however, FC was not superior to 
cryoprecipitate with these markers.30 

A systematic review by Kozek-Langenecker et al. 
compared four studies looking at the clinical 
effectiveness of FC and FFP. The review found that 
following administration, plasma fibrinogen levels 
were significantly higher in the FC group than in the 
FFP group (control). However, at the subsequent 
assessment point, there was no significant 
difference between the groups.56  

The FEISTY trial revealed that FC was more rapidly 
delivered compared to cryoprecipitate, with 
fibrinogen levels increased appropriately in either 
product.50 Seebold et al. also echoes FEISTY 
regarding FC’s rapid delivery to replace fibrinogen 
in severe traumatic haemorrhage compared to 
allogeneic products.57 

Conclusion: There is evidence to suggest FC can 
achieve faster results in critical bleeding compared 
to FFP and cryoprecipitate, and it behaves similarly 
to allogeneic products in terms of uptake and return 
to baseline levels.

Safety

A comparison between FC and allogeneic clotting 
factors for several clinical safety markers is 
described below and presented in Table 1. The 
clinical safety markers compared include:

• cross-infection

• haemolytic and transfusion-related acute lung 
injury (TRALI)

• transfusion-associated circulatory overload 
(TACO)

• ABO/Rh incompatibility

• adverse drug reactions and the requirement for 
rescue therapy. 

Allogeneic clotting factors used to replace 
fibrinogen (FFP and cryoprecipitate) carry a risk, 
though this is relatively low, of causing life-
threatening reactions. According the Australian Red 
Cross Blood Service, the incidence of ABO/Rh 
incompatibility is 1:40,000 transfusions.58 Types of 
reactions include, haemolytic transfusion reactions, 
transfusion-transmitted bacterial or viral infection, 
anaphylaxis, TRALI and TACO.58
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FC is a pasteurised, pathogen-inactivated product, 
with antigens and antibodies removed. Compared 
to allogeneic products, this process theoretically 
reduces the chance of cross-infection and TRALI.58 
Furthermore, FC is administered in smaller volumes 
than allogeneic clotting factors, and is therefore 
associated with a lower risk of TACO.59 

The literature and pharmacovigilance studies 
reported an overall low rate of adverse events  
with FC.60  

A study by Solomon et al. reviewed post-marketing 
safety reports and clinical studies published 
between 1986 and 2013, looking at the incidence of 
adverse drug reactions. The study found 383 
adverse drug reactions out of 652,824 occasions 
where patients had been treated with a standard 
dose (4g) of FC, with variations in clinical indications 
and settings. Solomon noted that 106 of these may 
have been attributed to a hypersensitivity reaction, 
thromboembolic event or virus transmission.60 He 
concluded that FC has a promising safety profile, 
with few adverse drug reactions and low 
thromboembolic events following administration for 
a range of indications.60 

The RETIC trial compared the difference between 
FC and FFP in reversing ATC. The trial terminated 
early after a disproportionately high number of 
patients in the FFP group required rescue therapy,40 
suggesting that FFP carries additional clinical risks 
compared to FC when used in reversing ATC. 

The FEISTY trial had similar thromboembolic 
complications in both FC and cryoprecipitate arms.50 

Overall, FC is found to have a consistent safety 
profile with few adverse drug reactions (ADRs) 
documented in most studies.

Conclusion: There is evidence to suggest that FC has 
safety benefits over the allogeneic products FFP 
and cryoprecipitate.
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Product risks Cryoprecipitate Fibrinogen concentrate

ABO mismatch Potential No

Plasma-associated adverse events 
(e.g. TRALI)

Potential No

Thromboembolic risk (high dose)

Excess factor VIII, von Willebrand 
factor

Excess fibrinogen

Potential

Not if target concurrent dosing

No
Not if target concurrent dosing

Recorded thromboembolic (AE) Potential risk Very rare (3.5 / 10 dose episodes)5

Clinical differences

Inventory management Frozen stocks of ABO-specific Single product at 2-8°C

ABO cross-matching Yes, unless AB cryo available No

Time to correct hypofibrinogenaemia Order/thaw/documentation/ 
infusion time (60 min)

On-site stocks, rapid reconstitution (5-10 
min) and infusion (20 sec/1g)

Group AB patients with high 
fibrinogen requirements

Supply issue with risk of non-AB 
product use

Non-issue

Donor source Single donor units, Australia Pooled donor product, USA, and Germany

Pathogen inactivation No Yes

Product purity Crude factors in residual plasma Purified in buffers and albumin

Factor VIII Yes No

vWF Yes No

ABO matching required Yes No

Storage Frozen (<-25°C) Lyophilised, 2-8°C

Shelf life 12 months 60 months

Preparation Product request, thaw or warm Reconstitute at room temp

Table 1: Theoretical risks and clinical differences of cryoprecipitate  
and fibrinogen concentrate

Product storage 

See Appendix 1.

Product administration

Fibrinogen is currently replaced using FFP, cryoprecipitate or FC. Collins’ modelling tool of fibrinogen 
supplementation (summarised in Table 2) is a theoretical comparison of the number of units or vials, and the 
volume required of FFP, cryoprecipitate or FC, to increase plasma fibrinogen levels by approximately 1g/L.29
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Fresh frozen plasma Cryoprecipitate Fibrinogen concentrate

Amount (unit or vial) 28 units 33 units 5 vials

Volume (ml) 7,000 412.5 250

Resultant fibrinogen level (g/L) 1.70 1.71 1.78

Table 2: Collins’ modelling tool of fibrinogen supplementation29

Product Dose Units Cost

Whole blood cryoprecipitate 3g * 10 $1,650

Fibrinogen concentrate 3g 3 $2,355

The Collins modelling tool highlights some advantages of FC over FFP and cryoprecipitate for patients 
requiring fibrinogen supplementation, including: 

• smaller fluid volumes required for comparable effect, thus reducing the risk of volume overload 

• easier and faster preparation – reconstitution 5 vials of FC at point of care verses defrosting 28 to 33 units 
of FFP or cryoprecipitate respectively at a blood bank

• potential faster preparation to delivery time.

Cost to the health system

FC is comparatively more expensive than cryoprecipitate. However, evidence above suggests that FC may 
reduce the overall need for blood products. There is a reduction in health system costs associated with this. 

Table 3: Costs of providing a 3g dose of either fibrinogen concentrate  
or cryoprecipite

*Fibrinogen levels in cryoprecipitate are approximate values only due to natural variation of individual donors. Costing information  
is from NBA’s National product price.33

PAMPer study and extended life plasma (ELP)

The PAMPer study was a multicentre, cluster-randomised trial (n=501), examining ELP in aeromedical 
transport and its potential benefits to outcomes of trauma patients at risk of haemorrhagic shock. The results 
demonstrated a 10% reduction in mortality at 30 days associated with the ELP group, when compared to the 
standard treatment arm.28  The study included both interhospital transfers and primary retrieval transports 
with transport times ranging from 39 to 52 minutes. A smaller study by Moore et al. (n=144) was stopped for 
futility with no survival benefit associated with ELP administration in prehospital ground transport.61 In this 
study, transport times were significantly shorter at around 16 to 19 minutes. There are important implications 
regarding the PAMPer results for NSW, and consequently, several HEMS services now carry ELP. 

Note: A standard dose of FC, according to the Australian Red Cross Lifeblood, in patients with critical 
bleeding requiring massive transfusion, is 3-4g.25
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HEMS teams manage patients with trauma-related critical bleeding for prolonged periods, in changing 
conditions, and often without enough blood products to sustain life whilst transferring patients to a hospital 
able to provide definitive surgical or radiological intervention. For this reason, HEMS teams may not be able 
to manage traumatic bleeding in accordance with treatment recommendations by the NBA or routine 
hospital protocols. 

Although cryoprecipitate is considered the standard treatment for fibrinogen replacement in Australia and 
NSW, it is only evidenced by low level or comparable evidence.3, 4 Little evidence was found reviewing the use 
of FC in the prehospital setting, but there was evidence available in the in-hospital setting. This report 
considered the question of whether FC is a reasonable alternative in the absence of allogenic products such 
as cryoprecipitate in the prehospital trauma setting, and the evidence for this use is summarised below.

The following evidence on fibrinogen replacement in the trauma setting is available:

• Bleeding is a leading cause of preventable mortality in trauma, and serum fibrinogen drops rapidly  
in traumatic bleeding.3, 10 

• Low serum fibrinogen is associated with increased mortality.6, 57, 62

• Early replacement of fibrinogen in critical bleeding is well supported13 and associated with  
improved outcome.7-12

• FFP and ELP are limited sources for fibrinogen replacement.29

• Evidence was found on FC comparing its use to allogeneic products.37, 40 However, no high-level studies 
were available comparing FC to placebos. 

• Although research into the use of FC for the management of critical bleeding is ongoing, to date only low 
level randomised controlled trials were found to have reviewed its efficacy.43

Evidence availability on FC use in the trauma setting is as follows:

• FC has been used for three decades in Europe, with post-market research reporting it to be safe.60 

• Both FC or cryoprecipitate is recommended in the European guideline on management of major bleeding 
and coagulopathy following trauma.26

• The efficacy of FC is comparable to cryoprecipitate with current evidence deliberating on recommending 
one product over another.30

• Cryoprecipitate is the standard treatment for fibrinogen replacement in Australia in critical bleeding.41, 42

• Whilst FC is required to be stored between 2 and 8°C,34 it doesn’t  require the same cold chain storage 
conditions and preparation when compared to other blood products, making it more suited to the 
prehospital environment than allogeneic clotting factors.18, 25

• Administration of FC is associated with a reduced need for red blood cell transfusions, when compared to 
allogeneic products.40, 52, 53, 63

Summary of key findings 
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• Where a patient receives clotting factors, there is currently no evidence to suggest that FC has  
a survival benefit over allogeneic clotting factors.30, 46, 51

• There is only modest evidence that FC reduces ICU length of stay, when compared to allogeneic  
clotting factors.53

Expert consensus regarding the answer to the question: Is FC administration a reasonable alternative in the 
absence of cryoprecipitate when clinically indicated in the prehospital context?  

• The beneficial effects of FC are still debated, mainly because of low quality published clinical evidence, 
especially in the paediatric population, and currently there is an insufficient basis for therapeutic or 
prophylactic guidelines. 

• Current evidence suggests FC in the hospital setting is considered safe and efficacious when compared  
to similar allogenic products. FC has a relatively long safety record, and therefore, is likely to have similar 
positive benefits in the prehospital setting. 

• FC has logistic advantages in storage conditions, space occupancy and preparation, and can be 
administered more rapidly than cryoprecipitate, making it amendable to field use over comparable 
allogenic products.50

• The standard treatment of administering allogeneic products (i.e. cryoprecipitate) for critical bleeding is 
supported as the first choice. However, in the absence of allogeneic products, the consensus is that FC 
could be considered as a reasonable alternative in the prehospital setting.

In the absence of high-level evidence, prehospital administration of FC is best conducted under clinical  
trial conditions.
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Glossary

ADR Adverse drug reaction. A response to a drug which is noxious and unintended, and which       
 occurs at doses normally used.

ATC Acute traumatic coagulopathy. An endogenous coagulation abnormality directly induced    
 by trauma and or shock. It differs from indirect mechanisms of shock, such as hypothermia,       
 metabolic acidosis and dilutional coagulopathy, and is associated with increased mortality. 

Critical  A major haemorrhage that is life threatening and likely to result in the need for massive 
bleeding transfusion.

Cryo Cryoprecipitate made from fresh frozen plasma. It contains proteins, including fibrinogen,    
 that are involved in blood clotting. It is used when a person has reduced levels of    
 fibrinogen or where their fibrinogen is not working properly.

ELP Extended life plasma. Thawed fresh frozen plasma that can be stored between 2‑6°C for up to  
 five days. 

ED Emergency department

FC Fibrinogen concentrate. A pasteurised drug stored as a lyophilised powder at room       
 temperature, used to supplement plasma fibrinogen. 

FEISTY Fibrinogen Early In Severe Trauma Study. A pilot multi‑centre randomised controlled trial  
trial comparing FC to cryoprecipitate for fibrinogen replacement in severely injured trauma   
 patients. Performed at four major trauma centres in Queensland, Australia.

FFP Fresh frozen plasma. A unit of blood product that contains all of the coagulation factors.

HEMS Helicopter Emergency Medical Service

ICU Intensive care unit

ITIM Institute of Trauma and Injury Management

Massive Defined, in adults, as replacement of >1 blood volume in 24 hours or >50% of blood volume 
transfusion in 4 hours (adult blood volume is approximately 70mL/kg). 

MTP Massive transfusion protocol. A protocol for replacing blood components that should be     
 used in critically bleeding patients anticipated to require massive transfusion.

MTS Major trauma service. A designated service that can provide the full spectrum of care to all      
 injured patients, from initial resuscitation through to rehabilitation and discharge. There      
 are currently seven adult and three paediatric designated MTSs in NSW.

NBA National Blood Authority. A statutory authority representing the interests of the Australian,     
 state and territory governments and sits within the Australian Government’s health portfolio.
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NSQHS National Safety and Quality Health Service Standards. The standards provide a nationally‑
Standards  consistent and uniform set of measures of safety and quality for application across a wide   
 variety of healthcare services.64

NSWA New South Wales Ambulance

PAMPer Prehospital Air Medical Plasma. An American trial determining the effect of prehospital 
trial  infusions during air transport of 2 units of AB plasma on 30‑day mortality in patients with       
 haemorrhagic shock, as compared to conventional care.

PCC Prothrombin complex concentrate

PBM Patient blood management. Individualised and evidence‑based care that aims to limit a   
 patient’s exposure to blood products and thereby improve patient outcomes.

PRBC Packed red blood cells. A unit of blood product obtained by removing most of the plasma.

RBC Red blood cells

RCT              Randomised controlled trial

RETIC trial Reversal of Trauma‑Induced Coagulopathy. A trial assessing the difference in incidence of    
 multi‑organ failure after treatment of trauma‑induced coagulopathy with fresh frozen   
 plasma or coagulation factor concentrates.

RTP Retrieval transfusion procedure. A NSW Health Pathology Procedure (NSWHP_PR_025)   
 describing how NSW Retrieval Services interact with NSW Health Pathology blood bank staff  
 to provide blood products to critically‑bleeding patients.65 This procedure applies to patients   
 in the care of NSW Ambulance specialist medical teams who are in the inter‑hospital or      
 prehospital phase.

RTS Regional trauma service. A designated service that can provide the full spectrum of care to       
 patients with minor and moderate injuries, and definitive care to some patients with major   
 injuries, in collaboration with an MTS. The RTS can provide initial assessment, stabilisation,   
 and definitive care, and initiate transfer to an MTS when patients require services that are not  
 available at the RTS.

TACO Transfusion‑associated circulatory overload. Heart failure and pulmonary oedema resulting    
 from rapid infusion or large volumes of blood products.

TIC Trauma Innovation Committee

TEG/ Thromboelastography/rotational thromboelastometry/rotational thromboelastography.  
ROTEM/  Different techniques for evaluating the ability of whole blood to coagulate by measuring the 
ROTEG time it takes for blood to clot, and the firmness or shear strength of the clot. 

TRALI Transfusion‑related acute lung injury. Pulmonary oedema and respiratory distress resulting   
 from an immunological transfusion reaction.
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Appendix 1: Clotting factors – uses and 
storage conditions

Product Description Use
Storage and special 
considerations  

Fresh frozen plasma • Liquid portion of whole
blood

• 1 unit contains all
coagulation factors

• Replace clotting factors
• Reverse anticoagulants
• Replace plasma

proteins / other
substances

• Lasts 12 months ≤-25˚C
• Must be ABO

compatible

Cryoprecipitate • Concentrated blood
component made from
FFP

• Contains fibrinogen
(>140mg), factor
VIII, factor XIII, von
Willebrand factor

• Low or poorly
functioning clotting
proteins, particularly
fibrinogen in the
context of bleeding,
invasive procedures or
trauma

• Lasts 12 months ≤-25˚C
• Once thawed must be

stored at 20-24˚C until
transfusion, then used
within 4-6 hours

• Must be ABO
compatible

Platelets • Fragments of
megakaryocyte cells
separated from whole
blood or through
apheresis

• Low or non-functioning
platelets

• Bleeding or at high risk
of bleeding

• Unlikely to make own
platelets soon

• Lasts five days at
20-24°C

• Requires constant
rocking during storage

• ABO identical platelets
are usually preferred

Prothrombin complex • Non-allogeneic clotting
factor derived from
plasma

• Bleeding in patients
with acquired
prothrombin complex
factor deficiency,
requiring partial or
complete reversal

• Bleeding in patients
with single/multiple
congenital deficiency of
factor IX, II, X

Fibrinogen concentrate • Freeze-dried,
lyophilised fibrinogen

• 1 glass vial contains
900mg of fibrinogen

• Replace fibrinogen • Five-year shelf life,
stored at 2-8°C
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