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Abstract
Purpose Trauma is a leading cause of mortality, with major bleeding and trauma-induced coagulopathy (TIC) contributing 
to negative patient outcomes. Treatments for TIC include tranexamic acid (TXA), fresh frozen plasma (FFP), and coagulation 
factor concentrates (CFCs, e.g. prothrombin complex concentrates [PCCs] and fibrinogen concentrate [FCH]). Guidelines 
for TIC management vary across Europe and a clear definition of TIC is still lacking.
Methods An advisory board involving European trauma experts was held on 02 February 2019, to discuss clinical experi-
ence in the management of trauma-related bleeding and recommendations from European guidelines, focusing on CFC use 
(mainly FCH). This review summarises the discussions, including TIC definitions, gaps in the guidelines that affect their 
implementation, and barriers to use of CFCs, with suggested solutions.
Results A definition of TIC, which incorporates clinical (e.g. severe bleeding) and laboratory parameters (e.g. low fibrinogen) 
is suggested. TIC should be treated immediately with TXA and FCH/red blood cells; subsequently, if fibrinogen ≤ 1.5 g/L (or 
equivalent by viscoelastic testing), treatment with FCH, then PCC (if bleeding continues) is suggested. Fibrinogen concen-
trate, and not FFP, should be administered as first-line therapy for TIC. Several initiatives may improve TIC management, 
with improved medical education of major importance; generation of new and stronger data, simplified clinical practice 
guidance, and improved access to viscoelastic testing are also critical factors.
Conclusions Management of TIC is challenging. A standard definition of TIC, together with initiatives to facilitate effective 
CFC administration, may contribute to improved patient care and outcomes.
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Introduction

Trauma remains one of the leading causes of morbidity 
and mortality, and injuries are responsible for ~ 5.8 million 
deaths annually, accounting for ~ 10% of deaths worldwide 
[1, 2]. Massive bleeding in traumatic injury represents a 
substantial problem, and is a major cause of potentially 
preventable deaths [3–5].

Trauma-induced coagulopathy (TIC) is present in approx-
imately 24–34% of hospitalised patients with trauma [6, 7]. 
It comprises an endogenous impairment of haemostasis that 
occurs early after injury [7]. Failure to form haemostatic 
clots leads to coagulopathic bleeding, with diffuse pheno-
types involving uninjured sites, and is difficult to stop with 
mechanical interventions [8]. The causes of TIC are multi-
factorial, with key drivers including shock, acidosis, endo-
theliopathy, and consumption/loss of coagulation factors 
(e.g. due to haemodilution) [8–12]. TIC is associated with 
increased mortality, transfusion requirements and multiple-
organ failure [6, 9, 13]. While progress has been made on 
understanding the causes of TIC, it continues to present a 
significant clinical challenge, and a clinically relevant, uni-
formly accepted definition for TIC is lacking [8, 9].

This review focuses on treatments for TIC, which 
require different treatment strategies to those for other 
bleeding situations such as during surgery, that may 
require mechanical interventions [14]. Current TIC treat-
ment options include tranexamic acid (TXA), fresh fro-
zen plasma (FFP), cryoprecipitate and coagulation factor 
concentrates (CFCs) [10]. CFCs, including prothrombin 
complex concentrates (PCCs) and human fibrinogen con-
centrate (FCH), have several benefits over FFP in that 
they deliver a standardised and higher concentration of 
coagulation proteins, and are associated with a low risk 
of virus transmission and transfusion-related side effects, 
such as acute respiratory distress syndrome, sepsis and 
multiple organ failure. Furthermore, they are immediately 
available without requiring blood group testing [15, 16]. 
CFCs can be used for goal-directed therapy, an individu-
alised point-of-care (POC) approach, using viscoelastic 
tests to elucidate potential haemostatic deficiencies [17]. 
The use of CFCs for the management of TIC has recently 
shifted into research focus; for example, several studies 
have documented a benefit with FCH, including lower 
mortality and/or reduced transfusion requirements, versus 
FFP/no fibrinogen supplementation [18–20]. However, a 
meta-analysis of seven RCTs found no beneficial effect on 
in-hospital mortality with FCH versus controls. Although 
data on FCH use in trauma are limited and of poor qual-
ity; most studies were retrospective, with varied endpoints 
[21]. Therefore, the beneficial effects of FCH on mortality 
still need to be elucidated.

Clinical strategies for TIC management, including the 
use of CFCs, are heterogeneous [22]. In Europe, four-fac-
tor PCCs are indicated for the reversal of vitamin K antag-
onists (VKAs), and in acquired deficiency of prothrombin 
complex coagulation factors, e.g. in trauma [23]. FCH is 
indicated for the treatment of acquired hypofibrinogenae-
mia across Europe, though in many countries, the indica-
tion is restricted to acquired hypofibrinogenaemia during 
surgical intervention [24, 25]. Guidelines for the manage-
ment of bleeding have been published both Europe-wide 
[10] and locally [26–31]; however, national guideline rec-
ommendations for haemostatic management (for example, 
the use of CFCs and FFP) differ between countries, as do 
the availability and licensing of the products; therefore, 
there is a need to streamline clinical pathways to facilitate 
consistent and effective management.

The aims of this review are 1) to summarise recommen-
dations from the available European trauma guidelines, with 
a focus on the use of CFCs (mainly FCH), highlighting the 
differences between the European versus local guidelines; 
2) to provide a simple definition of TIC and the criteria for 
initiation of a massive trauma protocol (MTP), that can be 
easily interpreted in clinical practice; and 3) to identify gaps 
in the guidelines that impact on their application in daily 
clinical practice, as well as the barriers to effective CFC 
administration, while providing practical guidance and rec-
ommendations on how these challenges may be overcome.

Methods

An advisory board was held on 2 February 2019, titled ‘The 
role of coagulation factor concentrates in the management 
of major trauma bleeding across Europe: an EU advisory 
board.’ The advisors, all experts in the fields of trauma and 
critical care medicine, discussed their clinical experience 
with CFCs (mainly FCH) in the management of trauma-
related bleeding. The clinical application of the current 
European and local guidelines on trauma management was 
discussed. Evidence to support the use of CFCs in TIC, 
along with barriers to CFC use were also highlighted, with 
suggestions on how these barriers may be overcome.

A comprehensive literature search was conducted for arti-
cles on, or prior to, 19 April 2018, to identify guidelines and 
recommendations for fibrinogen supplementation and POC 
testing in the trauma setting, to support expert discussions. 
Google and PubMed searches were conducted using the 
search terms: ‘trauma bleeding guidelines,’ ‘trauma guide-
lines coagulation’ and ‘trauma management guidelines;’ 
country-specific terms were also added to identify local 
publications. The searches focused on the latest European 
guidelines published in English, supplemented with local 
European guidelines (as suggested by the advisors).
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Overview of published European guidelines 
for major bleeding and coagulopathy 
following trauma

The literature search identified the fifth edition of the 
European guidelines for major bleeding and coagulopa-
thy following trauma (published in 2019) [10], and sev-
eral local trauma and bleeding management guidelines, 
including those from the Czech and Slovak Republic [31], 
Sweden [32], Germany [26], Spain [27, 28] and the United 
Kingdom [30, 33] (Table 1).

For initial treatment of bleeding, the guidelines gen-
erally agree on the administration of TXA as soon as 
possible [10, 26–32], followed by an initial ratio-driven 
approach of FFP:red blood cells (RBC) or FCH:RBC to 
prevent/treat massive haemorrhage [10, 26, 30–32]. All 
European guidelines recommend fibrinogen supplementa-
tion with either FCH or cryoprecipitate when fibrinogen 
levels are low [10, 26–32], though the threshold fibrinogen 
level varies. The use of PCC for treatment of TIC in non-
VKA-treated patients also varies between guidelines [10, 
26–32], while activated recombinant factor VII (rFVIIa) is 
not recommended as a first-line therapy (Table 1).

Current appraisal of the trauma guidelines 
across Europe

Definition of coagulopathy

As discussed, a clear definition for TIC is lacking [8, 9]; 
current research is focused on determining laboratory-
based haemostatic abnormalities, but the relationship 
between laboratory measurements (e.g. prothrombin time) 
and clinically evident coagulopathy (e.g. diffused oozing 
from injured and uninjured sites) is complex. In a pro-
spective observational study, clinically evident coagulopa-
thy was associated with poor outcomes in patients with 
trauma, but was rare compared with laboratory-defined 
coagulopathy [34]. In the absence of a clear TIC defini-
tion, it is difficult to ascertain patients who are clinically 
coagulopathic, and it is important to treat patients who are 
bleeding, not only those with laboratory-defined coagu-
lopathy. Stratification of patients needing treatment is key, 
but an effective approach is yet to be defined.

Most published studies have used conventional coagula-
tion tests, such as prothrombin time (PT) or international 
normalised ratio (INR), partial thromboplastin time (PTT) 
and fibrinogen to define TIC, but the precise thresholds 
and combinations of tests vary [35]. Peltan et al. suggested 
a definition of INR > 1.5, which provides a simple test to 

identify patients at increased risk of adverse outcomes 
[35], while Frith et al. suggested PT ratio (PTr) > 1.2 as a 
clinically relevant definition of TIC [9]. In contrast, Dav-
enport et al. found that the viscoelastometric parameter 
CA5 ≤ 35 mm was able to identify more patients with 
TIC than PTr > 1.2 and could predict the need for mas-
sive transfusion [36]. This value was supported by another 
study, which suggested extrinsic pathway thromboelasto-
metry (EXTEM) CA5 ≤ 40 mm and fibrinogen thromboe-
lastometry (FIBTEM) ≤ 9 mm as markers for TIC [37].

These studies all use different thresholds, and a consen-
sus is needed. We support a definition of TIC based on vis-
coelastometric measurements, which we define as EXTEM 
CA5 ≤ 40 mm and/or FIBTEM CA5 ≤ 9 mm. However, 
a definition of TIC is required that also encompasses the 
multifactorial nature of TIC, primarily endogenous antico-
agulation, fibrinogen abnormalities, platelet dysfunction 
and endotheliopathy, but also the risk of additional factors, 
e.g. shock, hypothermia, metabolic acidosis, anaemia and 
haemodilution and exogenous anticoagulation [38].

We suggest a simple definition of TIC, that can be 
quickly and easily interpreted in clinical practice, espe-
cially in an emergency situation. Therefore, we recom-
mend a grading system comprising three severity levels. 
These levels correspond to a patient with bleeding, shock 
and one of the following: TIC 1: fibrinogen level < 1.5 g/L; 
TIC 2: fibrinogen level < 1.5 g/L and INR > 1.5; TIC 3: 
fibrinogen level < 1.5  g/L and INR > 1.5 with platelet 
count < 100,000 × 109/L (Table 2).

While the TIC definition based on viscoelastometry may 
have the advantage of providing faster diagnosis [39], vis-
coelastic testing is not available in all hospitals. Further-
more, the viscoelastic approach addresses whether TIC is 
present or not; our grading system based on conventional 
parameters also informs on TIC severity. Therefore, the lat-
ter has the potential to guide haemostatic treatments, tailor-
ing them to the patient’s severity. For the rapid measurement 
of INR in patients with suspected TIC, we suggest the use 
of a portable coagulometer instead of conventional labora-
tory tests [40].

Criteria for coagulation and resuscitation therapy

Identifying patients who require an MTP is challenging 
based on the current guidelines, and current trauma scor-
ing systems are complex in practice. There is a need to 
establish a simple trigger for the initiation of an MTP (e.g. 
clinically suspected or proven bleeding, hypofibrinoge-
naemia identified by viscoelastic testing, or clinical signs 
of shock). Indeed, hypofibrinogenaemia is predictive of 
the need for massive transfusion in trauma patients [41]. 
Viscoelastic tests are playing an increasingly important 
role in decision-making on when to initiate an MTP. In 
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the absence of blood test results, the identification of 
early clinical signs (e.g. shock, low blood pressure, or 
base excess − 6 mmol/L, with the presence of a potential 
or verified bleeding source) could be used to guide sup-
plementation; however, clinical parameters should not be 
taken in isolation, as early trauma care is highly dynamic.

We propose a simple set of criteria to guide when to 
administer an MTP in the majority of clinical trauma set-
tings, not just specialised trauma centres, informed by 
clinical judgement and current protocols [42]. All the fol-
lowing criteria should be met:

1. Severe bleeding and clinical and/or laboratory signs of 
hypoperfusion/haemorrhagic shock;

2. Base excess − 6 mmol/L;
3. Haemoglobin ≤ 9 g/dL;
4. Blood pressure abnormalities (e.g. mean arte-

rial pressure < 65  mmHg or systolic blood pres-
sure < 100 mmHg), and

5. FIBTEM A5 < 10 mm.

However, we acknowledge that the target should be to 
avoid an MTP in patients.

Immediate administration of TXA.
Most guidelines recommend the administration of TXA 

as soon as possible to patients who are bleeding or at risk 
of major haemorrhage, generally within 3 h of injury [10, 
26–32]. Indeed, the use of TXA has been supported by 
several studies [10], including the CRASH-2 [43] and 
CRASH-3 RCTs [44]. The CRASH-2 RCT reported a 
reduction in all-cause mortality and risk of death due to 
bleeding, in trauma patients who were treated with TXA 
within 8 h of injury versus those treated with placebo [43]. 
The CRASH-3 RCT subsequently reported a reduced risk 
of head injury-related death in patients with mild-to-mod-
erate traumatic brain injury, who were treated within 3 h 
of injury with TXA versus placebo [44]. Furthermore, a 
meta-analysis of CRASH-2 and the postpartum haemor-
rhage WOMAN trial found immediate TXA treatment 
improved survival by more than 70%; thereafter, the sur-
vival benefit decreased by 10% for every 15 min of treat-
ment delay, with no benefit after 3 h [45]. Therefore, we 
recommend the initial treatment of TIC with TXA.

Role of early fibrinogen supplementation

Fibrinogen depletion occurs in TIC and progresses during 
trauma haemorrhage, with fibrinogen the first coagulation 
factor to reach critically low levels [46]. Trauma-related 
hypofibrinogenaemia is associated with poor outcomes and 
is an independent predictor of mortality [46–49]. It has been 
shown that for every 1 g/L increase in plasma fibrinogen at 
hospital admission, the odds of death decrease by 0.22 [46].

FCH for the management of initial bleeding 
and coagulopathy

The European trauma guidelines recommend FFP:RBC or 
FCH:RBC (both grade 1C) in a ratio-driven approach, for 
the initial management of expected massive haemorrhage 
[10]. We suggest that FCH, and not FFP, be administered 
as part of the initial management of TIC, i.e. upon hospital 
admission and before coagulation tests have been performed; 
as fibrinogen declines early after trauma, FCH should be 
administered as soon as possible after hospital admission 
[41, 50]. Our suggestion to use FCH is based on its ben-
efits over FFP. Indeed, in our experience, fast and targeted 
therapy is only possible with CFCs as the concentrations of 
coagulation factors, including fibrinogen in FFP are too low 
to increase, or possibly even maintain, already low plasma 
concentrations in a bleeding patient [15]. However, there is 
the caveat that further studies comparing FCH and FFP are 
needed.

FCH for the treatment of hypofibrinogenaemia

For the first time, fibrinogen supplementation (FCH or cry-
oprecipitate) is recommended (grade 1C) in the European 
trauma guidelines for major bleeding with hypofibrinoge-
naemia (i.e. fibrinogen level ≤ 1.5 g/L). The use of FFP for 
hypofibrinogenaemia, or for patients without major bleed-
ing, is not recommended (grade 1B and grade 1C, respec-
tively) [10]. The German guidelines similarly recommend 
FCH administration when fibrinogen levels are < 1.5 g/L 
[26], while the British Society of Haematology guidelines 
recommend either the administration of cryoprecipitate for 
a fibrinogen level < 1.5 g/L [30], or the administration of 

Table 2  Definition of TIC in a patient with bleeding and shock, using a grading system comprising three severity levels, based on fibrinogen 
level, INR and platelet count

INR, international normalized ratio; TIC, trauma-induced coagulopathy

Severity level Definition

TIC 1
TIC 2
TIC 3

Fibrinogen level < 1.5 g/L
Fibrinogen level < 1.5 g/L and INR > 1.5
Fibrinogen level < 1.5 g/L and INR > 1.5 with platelet count < 100,000 × 109/L
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cryoprecipitate/FCH, when FFP does not increase fibrino-
gen levels [29]. Furthermore, the recommended fibrinogen 
dose varies; e.g. 3–4 g FCH in the European trauma guide-
lines [10], 30–60 mg/kg FCH in the British guidelines [29]. 
An agreement on both the threshold fibrinogen level and 
the dose of FCH is required. We recommend a threshold 
fibrinogen level of < 1.5 g/L if there is ongoing bleeding/
high bleeding risk.

Many European guidelines suggest goal-directed viscoe-
lastic monitoring of coagulopathy and fibrinogen supple-
mentation when there are viscoelastic signs of functional 
deficit [10, 26, 28, 30, 32]; however, only the Spanish 
guidelines (HEMOMAS) currently provide threshold levels 
(FIBTEM-maximum clot factor [MCF] < 7 mm) [28]. The 
British Society for Haematology guidelines on viscoelastic 
testing in major bleeding provide guidance on the use of 
these methods and interpretation of the results, but do not 
recommend specific FIBTEM trigger values for fibrinogen 
replacement in trauma, given the lack of high-quality data 
[51]. Several algorithms using ROTEM have been proposed; 
however, these suggestions are mostly based on retrospec-
tive data or expert consensus [52]. For example, a 2014 
consensus conference on viscoelastic testing during resus-
citation for trauma patients recommended fibrinogen sup-
plementation with FIBTEM A10 < 10 mm, corresponding 
with FIBTEM MCF < 12 mm (plus abnormally low EXTEM 
A10 < 40 mm, corresponding to EXTEM MCF < 50 mm) 
[53]. Several institutions have also published their viscoe-
lastic-based algorithms for TIC management [17, 54].

We suggest that FCH should be administered as first-line 
therapy for the treatment of hypofibrinogenaemia in TIC. 
Overall, a patient-individualised fibrinogen dosing regimen, 
using viscoelastic testing or a weight-based calculation, may 
be more appropriate than stipulating a specific dose; how-
ever, it is acknowledged that weighing patients in an acute 
setting is challenging.

In an emergency situation, a standard dose of FCH (3–4 g) 
[10] may be administered in the presence of hypofibrinoge-
naemia, to prevent delay and stabilise the clotting process 
[55]. Subsequently, the dose may be adjusted per the results 
of viscoelastic testing (if available), e.g. 6 g for FIBTEM A5 
0 mm; 5 g for FIBTEM A5 1–4 mm; 4 g for FIBTEM A5 
5–6 mm; 3 g for FIBTEM A5 7–8 mm; or 2 g for FIBTEM 
A5 9–10 mm [56], or a weight-based dose equivalent if 
appropriate. The main focus should be on dynamic blood 
loss and ongoing bleeding, while viscoelastic testing to diag-
nose fibrinogen deficiencies should encompass viscoelas-
tic tests other than FIBTEM, often with different threshold 
levels [57]. In addition, if a haemorrhagic patient presents 
with fibrinogen levels just above the threshold for initiat-
ing fibrinogen supplementation, we suggest that fibrinogen 
should still be administered. After initial fibrinogen sup-
plementation, and if bleeding continues, further viscoelastic 

(FIBTEM) testing should be conducted after ~ 30 min, to 
verify the impact of the fibrinogen supplementation and to 
identify other causes for bleeding that may have previously 
been masked by hypofibrinogenaemia.

Use of PCC for the management of TIC

Reduced thrombin generation has been associated with 
increased mortality in trauma patients, suggesting that PCC 
treatment may be beneficial [58]. An observational study 
of major trauma showed that PCC administration was asso-
ciated with increased endogenous thrombin potential and 
lower antithrombin levels versus control groups, though not 
indicated with laboratory tests [59], while another observa-
tional study with trauma patients found that PCC and FFP 
administration was associated with lower mortality, com-
pared with FFP alone [60]. However, data supporting the 
use of PCC in TIC management are currently limited [61].

The recommendations for PCC administration for TIC 
vary by country (Table 1). The European trauma guidelines 
suggest that PCC is given to bleeding patients with delayed 
coagulation initiation (using viscoelastic testing), if fibrino-
gen levels are normal [10], while the Spanish guidelines 
recommend or suggest PCC as a treatment outside of VKA 
reversal, if required or under specific circumstances [27, 28]. 
According to the guidelines from the Association of Anaes-
thetists of Great Britain and Ireland, some centres may use 
PCC in specific clinical situations (e.g. liver disease) and 
local protocols must be agreed in advance [29]. However, 
in the British Society of Haematology guidelines, PCC is 
not recommended for major haemorrhage unless as part 
of a clinical trial [30], and in one expert’s clinical experi-
ence, PCC is not commonly administered for trauma-related 
bleeding in Sweden [32].

Overall, impaired thrombin generation is not considered a 
problem in the early stages of trauma-related bleeding man-
agement, as thrombin levels are often increased following 
trauma. Indeed, studies have found greater thrombin gen-
eration in trauma patients compared with healthy controls 
[58, 62]. In addition, there is no reliable laboratory test to 
verify absolute factor deficiencies in prothrombin complex 
coagulation factors; thus, other contributing factors, such as 
hypofibrinogenaemia and hyperfibrinolysis, should be man-
aged first and the severity/risk of ongoing bleeding deter-
mined, before PCC administration.

The TIC treatment sequence

We believe a step-wise approach to the treatment for 
trauma-related bleeding allows for individualised therapy, 
and avoids overtreatment and unnecessary allogeneic 
transfusion. Therefore, we suggest the initial administra-
tion of TXA, followed by FCH, and lastly PCC if bleeding 
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continues (Fig. 1), with weight-adjusted doses if possible. 
However, we acknowledge that the recommendation for 
the use of PCC in a patient with a normal fibrinogen level 
(> 1.5 g/L), but with continued bleeding and a prolonged 
clotting time is a weak recommendation, and is listed as a 
second-line treatment recommendation in the fifth European 
trauma guidelines (Grade 2C) [10]. PCC recommendations 
also vary by country, as described below and in Table 1; we 
recommend that PCC should be administered only in the 
presence of a prolonged clotting time.

Overcoming current barriers to effective CFC 
administration and future initiatives

Improved medical education

A survey of real-world trauma practice revealed heteroge-
neity in both the treatment of trauma patients and in local 
resources across Europe, as well as frequent deviations from 
the European guidelines [63]. This highlights a need for 
improved awareness of guideline recommendations when 
treating bleeding in trauma. Compliance may be improved 
with standardised questionnaires or simple guides, such as a 
handbook of algorithm templates on trauma and other bleed-
ing scenarios. A number of educational solutions are also 
proposed, including the development of accredited online 
courses for the management of critical haemorrhage in dif-
ferent clinical scenarios (similar to the Advanced Trauma 
Life Support teaching programme [64] and the HEMAC-
RIT course for the management of massive and/or critical 
haemorrhage [65]), or materials to educate clinicians at 
congresses.

Another barrier to implementing the current guidelines 
is when to use CFCs over FFP, as the same level of recom-
mendation (grade 1C) is given in the fifth European trauma 
guidelines for ratio-driven (i.e. fixed ratio of FFP and RBCs) 
and coagulation factor-driven (i.e. FCH and RBCs) strate-
gies for initial coagulation resuscitation [10]. The absence 
of CFCs from local treatment algorithms can also limit 
CFC use; a solution may be the development of local guide-
lines that account for country-specific indications and local 
availability of CFCs. A key component is the need for prior 
approval of CFC use by hospital pharmaceutical commit-
tees; in some countries such committees are key decision 
makers for the inclusion of CFCs in an MTP.

The requirement for additional data on CFCs

There is need for more adequately powered and well-
designed RCTs that directly compare FFP and CFC ther-
apies. However, these studies are challenging due to the 
ethical issues in withholding CFC treatment in patient 
subgroups. Local/national audits that survey haemostatic 
management may clarify issues with CFC use and facilitate 
improvements in trauma management.

Perceived additional costs with CFCs

FCH was recently shown to be non-inferior to cryoprecipi-
tate, in terms of transfusion requirements, for the treatment 
of bleeding in patients after cardiac surgery [66]. Other 
ongoing studies may shed additional light on the effective-
ness of FCH versus cryoprecipitate in trauma and other clini-
cal settings [56, 67]; however, the overall presumption by 
hospital boards and pharmacies that FFP and cryoprecipitate 

Fig. 1  Recommended treatment sequence massive bleeding and 
trauma-induced coagulopathy. aInformed by the fifth edition of the 
European trauma guidelines [10]. bViscoelastic tests other than 

FIBTEM can be used. FIBTEM A5, clot amplitude 5 min after clot 
formation; FCH, fibrinogen concentrate; i.v., intravenous; PCC, pro-
thrombin complex concentrate; TXA, tranexamic acid
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are cheaper treatment options than CFCs, is a barrier to 
effective CFC therapy.

Cost-effectiveness analyses are required to directly 
compare the cost of FCH with FFP and/or cryoprecipitate, 
considering local regulations, specialties and conditions. A 
recent US model predicted that FCH would be more expen-
sive than cryoprecipitate in adult trauma, even after adjust-
ing for wastage and technologist time [68]. However, many 
other costs are involved when using blood products (e.g. 
blood banks), which are often underestimated and vary by 
institution and country [69]. Clarification of the actual costs 
and reimbursement policies in different countries would be 
beneficial to identify barriers in CFC use, and a local or 
national consensus on the financial support for haemostasis 
management is needed. In addition, other factors such as 
the preservation of blood reserves and the costs in treat-
ing blood-borne infections potentially transmitted via blood 
products should be considered when assessing the relative 
cost-effectiveness, with the risk lower for CFCs than cryo-
precipitate or FFP [70]. A prospective analysis that evalu-
ated the transition from a blood product- to an FCH-based 
trauma protocol across two trauma centres recorded a cost 
saving of 23% over approximately 2 years [42].

Perceived risk of thromboembolic events

The perceived risk of thromboembolic events when using 
FCH is another barrier to its use. However, while FCH 
increases the level of plasma fibrinogen, it does not increase 
above the threshold fibrinogen level in a normal, acute-phase 
response, suggesting it is unlikely to increase prothrombotic 
status [71]. In a meta-analysis of 14 RCTs with adult and 
paediatric surgical patients, there was no difference in the 
number of thromboembolic complications between patients 
who received FCH compared with placebo/comparator [72]. 
Similarly, reviews of clinical trial [73] and pharmacovigi-
lance [74] data have found the risk of thrombosis is low 
with FCH.

Access to goal‑directed coagulation methods

Lack of access to viscoelastic testing in some countries is a 
barrier to an individualised treatment approach. In low-to-
moderate-income countries, organisations responsible for 
national blood management could provide POC devices for 
trauma centres to overcome this barrier. A recent pilot study 
that investigated the implementation of a new viscoelastic-
based treatment algorithm across four European trauma 
centres found that ROTEM results were available signifi-
cantly earlier, and identified more patients with coagula-
tion abnormalities than conventional laboratory tests [75]. 
These results suggest that the introduction of new treatment 

algorithms is feasible and may lead to more rapid and pre-
cise coagulation management.

CFC reconstitution and preparation times

Another potential barrier to CFC use is reconstitution and 
preparation times, potentially leading to a delay in treatment 
administration. Improvements in FCH administration may 
facilitate increased use, such as the development of a ready-
to-use syringe. Reconstitution of CFCs could be accelerated 
by using greater quantities of CFC in each vial; for example, 
some FCH formulations are available with a greater fibrino-
gen content per vial [25, 43, 76]. In the authors’ institutions, 
delays to the administration of blood components and CFCs 
have also been reduced with the provision of refrigerated 
packs of blood products (RBCs, FFP and platelets) and 
CFC kits (for example, containing 4 g TXA, 3 g FCH and 
1500–1800 U PCC) at key hospital locations.

Conclusions

The management of TIC remains challenging, with a high 
degree of variability in recommendations for the treatment 
of patients with major trauma bleeding in local and suprana-
tional guidelines. Indeed, the development and implementa-
tion of guidance can be challenging in some countries, and 
the lack of a clear definition of TIC may hinder the admin-
istration of effective treatment. Our suggestion for a simple 
definition of TIC may be helpful to both trigger and guide 
the initiation of haemostatic therapy.

CFCs, particularly FCH, play a major role in the early 
management of trauma, but the evidence base needs to be 
strengthened. A number of initiatives may improve TIC 
management. Better medical education is of major impor-
tance, as well as the generation of new and stronger data 
and improved access to viscoelastic testing. The key take-
home messages are that TIC should be considered early in 
all major trauma bleeding patients, and when following pro-
tocols, the best practice is to be proactive and preventative; 
however, this can be difficult to justify from a cost perspec-
tive. Addressing these issues may help to contribute to the 
ultimate goal of improving patient care.
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