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Summary

To date, data regarding the efficacy and safety of administering fibrinogen concentrate in cardiac surgery are
limited. Studies are limited by their low sample size and large heterogeneity with regard to the patient population,
by the timing of fibrinogen concentrate administration, and by the definition of transfusion trigger and target levels.
Assessment of fibrinogen activity using viscoelastic point-of-care testing shortly before or after weaning from
cardiopulmonary bypass in patients and procedures with a high risk of bleeding appears to be a rational strategy.
In contrast, the use of Clauss fibrinogen test for determination of plasma fibrinogen level can no longer be
recommended without restrictions due to its long turnaround time, high inter-assay variability and interference with
high heparin levels and fibrin degradation products. Administration of fibrinogen concentrate for maintaining
physiological fibrinogen activity in the case of microvascular post-cardiopulmonary bypass bleeding appears to be
indicated. The available evidence does not suggest aiming for supranormal levels, however. Use of cryoprecipitate
as an alternative to fibrinogen concentrate might be considered to increase plasma fibrinogen levels. Although
conclusive evidence is lacking, fibrinogen concentrate does not seem to increase adverse outcomes (i.e.,
thromboembolic events). Large prospective multi-centre studies are needed to better define the optimal
perioperative monitoring tool, transfusion trigger and target levels for fibrinogen replacement in cardiac surgery.

Re-use of this article is permitted in accordance with the Creative Commons Deed, Attribution 2.5, which does not permit
commercial exploitation.
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Recommendations

1 Monitor plasma fibrinogen level in bleeding patients.

2 Consider use of viscoelastic tests — instead of the
Clauss assay — for the estimation of fibrinogen’s
contribution to the clot.

3 Consider a reasonable combination of viscoelastic
assays reflecting the intrinsic and extrinsic coagulation
pathways as well as fibrinogen function.

4 In patients with continuous, significant, non-surgical
and microvascular bleeding who exhibit very low
plasma fibrinogen levels (< 4-6 mm of maximum clot
firmness in the fibrin-based thromboelastometry assay,
FIbTEM-MCF), replacement of fibrinogen is strongly
recommended. Under the same circumstances with
borderline plasma fibrinogen levels (6-8 mm of
maximum  clot firmness in the fibrin-based
thromboelastometry assay), replacement of fibrinogen
may be considered.

5 When replacing fibrinogen in patients with diffuse post-
cardiopulmonary bypass bleeding, maintenance of
physiological plasma fibrinogen levels (> 9 mm of
maximum  clot  firmness in  the fibrin-based
thromboelastometry assay) should be targeted but very
high levels (> 14 mm of maximum clot firmness in the
fibrin-based thromboelastometry assay) should be
avoided.

Why was this consensus statement
developed?

Current evidence regarding fibrinogen substitution
practice in cardiac surgery is weak. Studies are limited
by their small sample size and the large heterogeneity
of the patient population, timing of administration and
the definition of transfusion trigger and target levels.
This consensus statement aims to provide pragmatic
guidance  for the monitoring, diagnosis  and
administration of fibrinogen concentrate — based on the
available literature and international expert knowledge —
for  patients undergoing cardiac  surgery  with

cardiopulmonary bypass.
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How does this consensus statement
differ from other available guidelines?
So far, recommendations on fibrinogen substitution
practice in the bleeding patient are available from
anaesthesiology societies with thresholds referenced to
Clauss assays [1]. However, there is a huge variation with
regard to the performance of the Clauss method.
Methodological weaknesses of the Clauss assay include an
overestimation of plasma fibrinogen level in the presence of
artificial colloids and imprecision in the presence of
fibrinogen split products [2]. There is convincing evidence
that values obtained with the Clauss method during cardiac
surgery lack reproducibility among institutions. This limits
this method for defining fibrinogen transfusion thresholds
and target concentrations. In contrast, viscoelastic tests
such as rotational thromboelastometry (ROTEM®; TEM
International GmbH, Munich, Germany) and thromboe-
lastography (TEG™; Haemonetics Corporation, Braintree,
MA, USA) appear to provide a standardised, more reliable
and valid laboratory tool for monitoring of the fibrinogen
contribution to the clot formation. This consensus statement
places particular emphasis on the above points by advising
cardiac anaesthetists on the diagnosis of hypofibrinogenemia
and practical management of fibrinogen substitution in
cardiac surgery patients.

Introduction

Cardiovascular surgery can lead to coagulopathy and
severe bleeding, particularly when cardiopulmonary bypass
is involved. Excessive haemorrhage, defined as class 3 or 4
bleeding according to the universal definition of peri-
operative bleeding [3], occurs in up to 10% of patients. This
serious complication [4] leads to increased blood product
requirements and increased medical costs, and affects
patient outcome [5, 6]. Over the past few years, the use of
fibrinogen concentrate as a first-line treatment in the
bleeding patient has been investigated in a variety of
clinical scenarios [7, 8]. Therapy with fibrinogen concentrate
has evolved into a targeted, individualised and algorithm-
based replacement strategy in bleeding cardiac surgical
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patients [8]. This application of fibrinogen concentrate
significantly differs from its original indication as a fixed
dose substitution in patients suffering from congenital a- or
dysfibrinogenemia. Therefore, the clinical efficacy and drug
safety must be carefully evaluated. This paper aims to
provide an expert consensus statement on the current role
of fibrinogen and fibrinogen concentrates in cardiac
surgery.

Methods

Eleven cardiac anaesthetists from across Europe and one
from the Middle East — all active members of the
Haemostasis and Transfusion Scientific Subcommittee
of the European Association of Cardiothoracic
Anaesthesiology (EACTA) — were invited to participate in
this consensus document. A preliminary literature search
was performed in the databases PubMed, Cochrane,
Science Direct and Google Scholar based on the
population, intervention, comparison, outcome and time
format[9].

After study selection and quality assessment, the full
texts of the retrieved papers were sent to all participants by
e-mail. Subsequently, the core topics of this manuscript
were determined and survey questions were sent out to the
participants focussing on the following domains: (1)
monitoring techniques of plasma fibrinogen level during
cardiac surgery; (2) timing of plasma fibrinogen level
determination in relation to the cardiopulmonary bypass
period; (3) trigger and target levels in the treatment of
hypofibrinogenemia; (4) institutional practice of fibrinogen
administration; (5) preferred usage of concentrated
fibrinogen or cryoprecipitate for fibrinogen substitution; (6)
practice of overcorrection of plasma fibrinogen levels
aiming for high postoperative values; and (7) complications
associated with fibrinogen administration. Members of the
expert group were asked to express their opinions on each
question using the five descriptors 'strongly agree’ ‘agree’,
‘neutral’, 'disagree’ and 'strongly disagree’, using a Delphi-
based method [10]. Consensus was judged to have been
achieved if at least two-thirds of the participants were of the
same opinion. ltems that did not achieve consensus in the
firstround were either discussed in two additional rounds as
a maximum, or rephrased until a consensus could be
reached. Chapters were written by members who did not
have any conflicts of interest for the specific sub-topic. The
entire process lasted eight months.

The literature search identified articles published
between September 1993 and October 2018. Overall, 1099
articles were screened. In the first selection, 970 studies

were excluded based on title evaluation and lack of
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relevance to fibrinogen in cardiac surgery. Of the remaining
129 publications, 44 were found to evaluate the clinical
effect, monitoring and side-effects of fibrinogen
administration in cardiac surgery. After exclusion of
duplicates and studies with non-clinical outcomes (n = 17),
27 studies (13 randomised controlled trials (RCTs) and 14
non-randomised studies) were found to be relevant. The
literature selection process is depicted in detail in Figure 1.

The role of fibrinogen in haemostasis

Fibrinogen is a hepatically synthesised homodimer
glycoprotein consisting of 2Aqs, 2B and 2y polypeptide
chains linked by 29 disulphide bridges, with a half-life of 3—
5 days. The molecular weight of full-length fibrinogen is
340 kDa and represents 75% of the plasma fibrinogen [11].
Degraded low molecular weight forms (305 or 270 kDa)
represent approximately 25% of the circulating fibrinogen
and are less effective in promoting the clotting process.
Fibrinogen binds the integrin receptor (allbf3) — also called
glycoprotein llb/llla — on activated platelets, thereby acting
as a bridge between thrombocytes in order to facilitate
platelet aggregation. Thrombin then cleaves fibrinopeptides
from the Ao and BB chains to form soluble fibrin monomers.
Once enzymatically cross-linked under the effect of
thrombin-activated factor (F) Xlll and due to the binding of
a2-antiplasmin, the fibrin clot is relatively resistant to
fibrinolysis, ensuring long-term stability and allowing repair
of the damaged vessel [12]. The physiological plasma
concentration of fibrinogen in non-pregnant patients is
2-4 g.l’1 [13]. This is increased in inflammatory states and
during pregnancy and can fall to critically low levels
(< 1.0 g.I" ") during major haemorrhage due to consumption
of coagulation factors, dilution and hyperfibrinolysis [14-18].

Fibrinogen-monitoring assays

Fibrinogen measurement using standard laboratory tests is
usually performed in plasma according to the Clauss
method (reference range: 1.8-3.5 g.|_1) [19], in which an
excess of thrombin is added to the diluted sample. The
clotting time is measured mechanically or using a photo-
optical method and compared with a calibration curve.
Alternatively an immunological test can be performed to
measure the total fibrinogen concentration, rather than the
amount of fibrinogen contributing to clotting [20, 21].

In a study in five centres in the UK, Mackie et al.
assessed the reproducibility of different Clauss assays [22].
Five commercial fibrinogen reference preparations and four
commercial reagents for the Clauss assay were used.
Additionally, 79 samples taken from patients with different

clinical conditions — including disseminated intravascular

1591



Anaesthesia 2019, 74, 1589-1600 Erdoeset al. | Guidelines for fibrinogen monitoring and replacement in cardiac surgery

Pubmed search December 2018 (n = 1099)

Studies excluded based on title evaluation, no relation to

h 4
Studies on fibrinogen in cardiac surgery for
abstract evaluation (n = 129)

A 4

fibrinogen and cardiac surgery (n = 970)

A

Potential clinical trials investigating the effect
of fibrinogen concentrate on outcome (n = 44)

coagulation course in cardiac surgery, editorials/reviews,

All residual papers (n = 85) were sorted according to;

measured effect of fibrinogen concentrate, fibrinogen
tests, fibrinogen as predictor and miscellaneous

'

A

Studies possible eligible for systematic
review RCT (n = 13) and non-RCT (n = 14)

Figure 1 Process used to selectliterature.

coagulation, severe sepsis, heparin therapy, oral
anticoagulation with vitamin K antagonists and thrombolytic
therapy — were evaluated. There was good agreement
between centres, analyses and reagents when using the
reference preparations, although an increase in scatter was
observed with high fibrinogen concentrations. Repro-
ducibility,
analysing samples from patients after thrombolytic therapy

the

however, was significantly impaired when

or in presence of disseminated intravascular
coagulation.

Point-of-care testing of whole blood with viscoelastic
tests can also be used to assess fibrinogen’s contribution to
a clot. The clot strength is measured with the addition of a
potent platelet inhibitor to whole blood, thus blocking the
platelet contribution to the clot. In the fibrin-based
thromboelastometry assay (FIbTEM) for the rotational
thromboelastometry device, cytochalasin D is used to
inhibit the platelet contribution to the maximum clot
firmness (MCF), whereas in the functional fibrinogen assay
in thromboelastography, the platelet glycoprotein lib/llla
inhibitor abciximab is used to block the platelet effect on the
maximum amplitude (MA). For the maximum clot firmness
in the fibrin-based thromboelastometry assay, the reference
range of 9-25 mm has been validated in a multicentre trial
using samples from healthy volunteers [23], whereas in the
functional fibrinogen assay in thromboelastography,
the reference range of 11-24 mm is provided by the
manufacturer.

The resulting clot strength is predominantly fibrin

based, although it may be partially affected by other
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Studies excluded by manuscript evaluation for
addressing duplicate or non-clinical outcome (n = 17)

conditions, such as deficiencies of factor VIII, factor Xlll and
von Willebrand factor [24]. Besides a minor effect of the
haematocrit on viscoelastic test-derived fibrinogen values
[25], residual platelet function may result in ‘platelet noise’,
which overestimates the measured fibrinogen concen-
tration [26]. In a head-to-head comparison of the two
methods, fibrin-based thromboelastometry assay and
functional fibrinogen assay in thromboelastography, the
fibrinogen-based clot amplitudes were found to be higher
in the thromboelastography assay [27]. This may be
because platelets are less blocked in the functional
fibrinogen assay in thromboelastography, leading to more
‘platelet noise’ and concomitant platelet contribution to a
fibrin-based clot formation. The most accurate way of
assessing the fibrinogen-based clot appears to be the use of
assays with powerful two-way platelet inhibition (e.g.
cytochalasin D and glycoprotein llb/llla receptor inhibitor)

[28]. However, these are not yet universally available.

Cardiac surgery

Data about the use of standard laboratory tests during
cardiopulmonary bypass (hereinafter referred to as
‘bypass’), with the aim of predicting fibrinogen levels after
weaning from bypass are scarce. A multicentre study in six
quality-controlled and specialised laboratories compared
the reproducibility and agreement of fibrinogen
determination using identical samples and different Clauss
methods before surgery, shortly before weaning from
bypass and after protamine administration. There was

good reproducibility in duplicate measurements, and no
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significant changes in the measured fibrinogen
concentration when comparing bypass and postbypass
values, suggesting that the results are valid even in the
presence of high heparin concentrations. However, there
were substantial differences between centres’ assessments
[20]. The comparability of the various Clauss assays was
good when measuring fibrinogen concentration in the
range from 4.5 to 12.8 g.I”". Additionally, measurements
scattered less when centres utilising the same
methodology were compared. In particular, the four
centres using the photo-optical method demonstrated
values ranging from 6.4 to 8.5 g.I”", whereas the two
centres using mechanical assays obtained fibrinogen levels
ranging from 10.4to 12.8 g.I"" [20].

A large retrospective investigation in 1077 cardiac
surgery patients demonstrated acceptable correlation
(r = 0.78) of fibrin-based thromboelastometry assay results
with the Clauss assay [29]. A large number of similarly
designed studies comparing viscoelastic tests and the
standard laboratory tests have been published over recent
years [30]. However, due to the lack of reproducibility with
different Clauss assays during cardiac surgery with bypass, it
remains questionable whether a good correlation of
viscoelastic tests with the Clauss assay provides any

clinically meaningful information.

Monitoring the effect of transfused
fibrinogen concentrate

In-vitro studies have been performed to assess the effect of
fibrinogen concentrate on clot formation and clot strength of
the fibrin-based thromboelastometry assay. Blood samples
obtained from postoperative cardiac surgery patients were
mixed with increasing amounts of fibrinogen concentrate,
ranging from 0.5 to 1.5 g.I=" [31]. The addition of fibrinogen
resulted in a near-linear increase — approximately 6 mm per
0.5 g.I"" fibrinogen — in the maximum clot firmness of the
fibrin-based thromboelastometry assay. Comparison of the
fibrin-based thromboelastometry assay with different
mechanical Clauss assays (mechanical, electromechanical
and photo-optical) using samples obtained from 33 patients
after bypass, but before fibrinogen concentrate transfusion,
showed good correlation (r=0.71-0.82) [11]. However,
similar to results in the aforementioned multicentre study
[20], agreement between the different Clauss methods was
mostly poor. The correlation between the maximum clot
firmness in the fibrin-based thromboelastometry assay and
Clauss assays, however, was severely impaired (r = 0.33-
0.59) after fibrinogen concentrate transfusion. Additionally,
the agreement between the different Clauss assays further

decreased. The exact mechanism behind this observation is
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unclear. High fibrinogen levels appear to affect the precision
and reducibility of various Clauss assays [26]. Additionally,
endogenous fibrinogen displays a variety of different
molecular weights, which have distinct effects on clot
formation in the different analysers and reagents used with
the Clauss methods [11]. The composition of fibrinogen
concentrate might differ from individual endogenous
fibrinogen and thereby explain further scattering of test
results. Thus the best way of monitoring the efficacy of giving
fibrinogen concentrate in cardiac surgery is still not known.

Quality of concentrated fibrinogen
Fibrinogen can be substituted by transfusion of either
cryoprecipitate or fibrinogen concentrate. The relatively
low concentration of fibrinogen in fresh frozen plasma
(FFP) of 2.5-3.0 g.I”" [32] (or even less: 0.9-2.0 g,
[33]) after thawing makes fresh frozen plasma unsuitable
for fibrinogen replenishment. Cryoprecipitate comprises
high molecular weight proteins that are precipitated by
thawing leukodepleted fresh frozen plasma from male
donors, which is centrifuged and resuspended in 10-20-ml
aliquots of plasma [34]. The fibrinogen concentration in
cryoprecipitate  normally varies between 15 gl™' and
17 gI7". In adult patients, 5-10 units of ABO-compatible
cryoprecipitate are pooled before transfusion. Generally,
two units of cryoprecipitate per 10 kg of body weight raise
the plasma fibrinogen concentration by 1 g.™". The risk of
viral transmission and adverse immune reactions such as
transfusion-related lung injury is very low in modern
practice and comparable with fresh frozen plasma [34].
Fibrinogen concentrate is a virus-inactivated derivative
of pooled plasma available from different manufacturers and
initially produced to correct congenital hypofibrinogenemia,
(Table 1).

Reconstitution in sterile water, as manufacturers’ guidelines,

afibrinogenemia or  dysfibrinogenemia
leads to a concentration of 20 g.I~" [34]. Haemocomplettan®
(CSL Behring, King of Prussia, PA, USA) and Fibryga®
(Octapharma, Lachen, Switzerland) appear to be comparable
in terms of pharmacokinetics, safety and clinical efficacy in
improving clotfirmness in dilutional hypofibrinogenemia[35,
36]. The higher concentration of factor Xlll in Fibryga® (0.2 IU
factor Xlll per mg fibrinogen) [37] may explain the increased
maximum clot firmness observed with thromboelastometry,
as demonstrated by in-vitro studies comparing the two
products [36]. [Correction added on 5 November 2019, after
first online publication: first sentence of this paragraph has
been updated.]

When comparing cryoprecipitate with fibrinogen
concentrate, it is important to note that fibrinogen is an
acute phase protein with significant interindividual
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Table 1 Fibrinogen concentrates on the market, including their indications and availability. Prices may differ considerably
according to countries, regions and hospitals and hence costs are only approximate. [Correction added on 5 November 2019,

after first online publication: Table 1 has been updated.]

Trade Name Manufacturer Indications Availability Costs
Haemocomplettan CSL Behring - Treatmentand prophylaxis of Europe: Austria, Bulgaria, 469 USD(1 g)
acquired and congenital CzechRepublic, 896 USD(2 g)
fibrinogen deficiency Germany, Hungary,
- Acquired hypofibrinogenemia Portugal, Romania,
resulting from severe liver Switzerland, Taiwan,
parenchymal disease and Turkey, The Netherlands
increased intravascular ROW: Argentina, Brazil,
consumption Iran, Israel, Kuwait
Riastap CSLBehring - Treatment of acute bleeding Europe: Belgium, Cyprus, 486 USD (1 g)
episodes in patients with Denmark, Finland,
congenital fibrinogen deficiency, France, Germany, Great
including afibrinogenemia and Britain, Greece, Iceland,
hypofibrinogenemia Ireland, Italy,
Luxembourg, Malta,
Norway, Poland, Slovak
Republic, Slovenia, Spain,
Sweden
ROW: Australia, Canada,
Mexico, New Zealand,
Puerto Rico, US
Fibrinogen JBPO Treatment of bleeding in patients with Japan n.a
HT Benesis congenital fibrinogen deficiency
FabulLaishi/ Shanghai RAAS - Haemorrhage associated with China, Japan n.a
FibroRAAS congenital hypofibrinogenemia,
dysfibrinogenemia or
afibrinogenemia
- Acquired hypofibrinogenemia
due tofailure of fibrinogen
synthesisin severe liver disorders
and inincreased intravascular
consumption of fibrinogen in DIC
and hyperfibrinolysis
Fibryga Octapharma - Congenital fibrinogen deficiency Europe: Austria, Belgium, 524 USD (1 g)
Czech Republic,
Denmark, Finland,
Germany, Hungary,
Luxembourg, Norway,
Poland, Slovakia,
Slovenia, Sweden, UK
ROW: US, Canada
Clottafact LFB Biomedicaments - Treatmentand prophylaxis of Europe: Switzerland, 775USD (1.5 g)
bleeding in patients with France
congenital hypo-, dys- or ROW: Algeria, UAE,
afibrinogaenemia with bleeding Kuwait, Lebanon,
tendency Marocco, Mexico
- Asacomplementary therapy for
the treatment of uncontrolled
severe bleeding in acquired
hypofibrinogenemia
FibCLOT LFB Biomedicaments Treatmentand perioperative Austria, Belgium, Czech n.a

prophylaxis of bleeding in patients with

congenital hypo- or afibrinogenaemia
with bleeding tendency

Republic, Denmark,
Finland, Germany,
Greece, Hungary, Italy,
Luxembourg, Norway,
Slovakia, Spain, Sweden
the Netherlands, UK

ROW, rest of the world; DIC, disseminated intravascular coagulation; US, United States; USD, United States Dollar; n.a., not available.
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variations in plasma concentration. In this respect, a
concentrated plasma product may provide a more
predictable amount of fibrinogen than cryoprecipitate
pooled from 5 to 10 donors. However, cryoprecipitate
contains not only concentrated fibrinogen but also von
Willebrand factor, factor VIII and factor Xlll. A recent
systematic review outlined a possible increase in functional
improvement of haemostasis with the use of cryoprecipitate
[34].
increased  with

Both clot strength and coagulation activation

cryoprecipitate, whereas fibrinogen
concentrate only improved clot strength. However, data
RCT (n=63)

observational studies (n = 218), thus precluding a clear

were limited to one small and three

recommendation for one medication over the other.

Treatment of hypofibrinogenemia with
fibrinogen concentrates

Administration of cryoprecipitate or fibrinogen concentrate is
recommended as the initial treatment for hypofibrinogenemia
in bleeding patients [38]. Several studies have investigated the
effect of fibrinogen concentrate on the plasma fibrinogen
level (Fig. 2 and Data S1). For every gram of fibrinogen
concentrate, there is a 0.2-0.3 g.I™" increase in the Clauss
fibrinogen level and a 2-mm increase in the fibrin-based
thromboelastometry assay, respectively. The discrepancy in
the increase in plasma fibrinogen level between studies may
be related to the timing of the fibrinogen measurement; an
increase in the time between the administration of fibrinogen

concentrate and blood sampling will cause a smaller increase
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in the fibrinogen level, as fibrinogen is consumed and/or lost
due to bleeding. It has also been shown that there are
differences between fibrinogen assays [39, 40] and more
importantly that the correlation between Clauss fibrinogen
and the fibrin-based thromboelastometry assay becomes
weaker after administration of the drug [41] or even
disappears after fibrinogen concentrate administration
[11, 26]. This may have implications for further fibrinogen
supplementation using a fixed threshold [42].

In clinical practice, determination of fibrinogen activity
before weaning the patient from bypass may be considered
when the risk of bleeding is higher (high-risk patient
population or complex cardiac surgery). In cases of
persistent microvascular haemorrhage after protamine
administration, haemostatic capacity should be assessed
using a reasonable combination of viscoelastic assays
testing extrinsic and intrinsic activation of the coagulation
system, fibrinogen contribution and the effect of residual
heparin to cover a large number of common haemostatic
disturbances. For rotational thromboelastometry, this could
usefully include both the fibrin-based and heparinase
assays; when thromboelastography is used, this could
include kaolin, kaolin with heparinase, the functional
fibrinogen assay and rapid thromboelastography with
tissue factor activation.

Drug efficacy
A systematic review of the efficacy of fibrinogen concentrate
in bleeding patients after cardiac surgery reported that
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Figure 2 The effect of fibrinogen concentrate on the fibrinogen level in cardiac surgery patients. The left panel shows the effect
on Clauss fibrinogen assay, right panel shows the effect on the fibrin-based thromboelastometry assay. The numbers represent
the individual studies found in Data S1 (Studies evaluating the effect of fibrinogen concentrate on the plasma fibrinogen level).
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there was no statistically significant effect on mortality, but a
significant reduction in blood transfusion requirements [43].
However, the authors also stated that the quality of studies
was low, the risk of bias was high and that studies were
under-powered to detect mortality. A more recent meta-
analysis including eight RCTs in adults undergoing
cardiovascular surgery confirmed that the administration of
fibrinogen concentrate did not affect all-cause mortality, but
confirmed the previously observed reduction in transfusion
requirements [8]. However, the eight included trials were
small and heterogeneous, with one multicentre [44] and
seven single-centre studies including 597 patients, 301 of
whom received fibrinogen concentrate. The study protocols
varied considerably: in some studies, patients receiving the
fibrinogen concentrate were pre-defined before surgery; in
other studies, persistent bleeding triggered fibrinogen
concentrate therapy. Furthermore, the dose of fibrinogen
concentrate was pre-defined (1-2 g in some studies),
whereas other trials prescribed a target level (22 mm) to be
achieved in the fibrin-based thromboelastometry assay,
which on average led to transfusion of 4-8 g of fibrinogen
concentrate.

Most RCTs confirm the association of low pre-operative
fibrinogen levels with postoperative bleeding [45], although
the level of association is weak to moderate and
characterised by low positive predictive values [46].
However, the prophylactic correction of pre-operative
fibrinogen levels may result in a high rate of inappropriate
treatment [46]. In contrast, early postoperative fibrinogen
levels are independently associated with postoperative
bleeding and the association is stronger than with pre-
operative fibrinogen levels [43, 46-49].

Studies of the best combination of sensitivity and
specificity, in order to define the postoperative fibrinogen
level associated with bleeding, established cut-off values
ranging from 1.44 10 2.85 g.I7'[46-49]. Karkouti et al. found
in a predictive model for excessive postbypass bleeding a
cut-off value 2.0 g.I™" (sensitivity 50%, specificity 60%),
whereas Kindo et al. reported similar data with a cut-off
value of 2.2 g.I™" (sensitivity 67%, specificity 57%). A better
estimation of trigger values for fibrinogen supplementation
in case of excessive bleeding is, however, the assessment of
a positive predictive value [50, 51]. Nuttall et al. found that a
postoperative fibrinogen level of 1.44 g.I7" yielded a good
72% positive predictive value [47], whereas Ranucci et al.
reported a positive predictive value of 50% for a fibrinogen
level of 1.15 g.I"" in [48], corresponding to a fibrin-based
thromboelastometry assay of 4-6 mm. These values should
be considered dynamic in an actively bleeding patient,

where fibrinogen levels are declining as fluid s
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administered and blood loss continues. In the bleeding
patient, a Clauss fibrinogen trigger value of 1.5 g.I=" is
widely accepted (Data S1). In fact, in a non-interventional
study of 100 patients undergoing complex cardiac surgery,
Bosch et al. found that fibrinogen levels were significantly
associated with excessive postoperative blood loss
(> 1000 ml.24 h=")[52]. In this study, a median [IQR] Clauss
fibrinogen value of < 1.5 g.I™" [1.4-1.6] was the strongest
predictor (p < 0.001), compared with 1.9 g.I"' [1.8-2.4] for
excessive blood loss. However, the median fibrin-based
thromboelastometry assay value of 4.5 mm [3-5] also
showed a significant association with excessive postop-
erative blood loss (p = 0.016), compared with 9.0 mm [7.5—
12]. These results suggest that clear trigger values for post-
bypass fibrinogen substitution are in the range of < 4-6 mm
of maximum clot firmness in the fibrin-based thromboelas-
tometry assay in the diffusely bleeding patient. However, it
appears to be ‘grey zone' of 6-8 mm of maximum clot
firmness in the fibrin-based thromboelastometry assay
which has been suggested by others as a possible trigger
forfibrinogen substitution

[29,53-55].

Target values for plasma fibrinogen should be
characterised by a high negative predictive value, as this
level by definition is not associated with bleeding or
increased blood loss. Ranucci et al. found that a
postoperative fibrinogen level of 2.87 g.I™" yielded a
negative predictive value of 98%. Previous studies mainly
aimed for a target fibrin-based thromboelastometry assay
of 22 mm [48, 49], which roughly corresponds to a plasma
level of 3.75 g.I_1 [11]. However, this may be considered
too high, as more recent studies confirmed 14 mm of
maximum clot firmness in the fibrin-based thromboe-
lastometry assay, yielding a 98% negative predictive value
for severe postoperative bleeding [41].

Safety and complications of fibrinogen

concentrate administration

A recent meta-analysis of RCTs assessed the safety of
the fibrinogen concentrate in cardiovascular surgery
and highlighted the lack of available evidence [8]. The
primary outcome of interest was all-cause mortality at
study completion. This meta-analysis observed no
significant  differences in  mortality, occurrence of
myocardial infarction or stroke between patients
receiving fibrinogen or placebo or inactive control
(Table 2). However, obvious limitations of included
studies (e.g. heterogeneity of safety data) have to be
taken into account when interpreting the results.
Furthermore, a secondary retrospective subanalysis of a
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Table 2 Fibrinogen administration and safety data of randomised trials [8].

Control®

Fibrinogen

Studies Patients Events
Mortality

5 235 5 12
Myocardial infarction

4 157 5 160
Stroke

4 225 6 224

Patients

Events RR (95%CIl) P
12 0.41(0.12-1.38) 0.34
1 3.07(0.64-14.78) 1.0
7 0.82(0.17-4.11) 0.2

RR, relative risk; Cl, confidence interval; values are number or relative risk with confidence interval.

“Only studies with ‘placebo’ as control.

prospective trial (n=991) analysed the data of 190
patients with fibrinogen concentrate administration
(median 2 g) and compared them with 190 propensity-
matched patients who had not received the fibrinogen
concentrate [56]. The primary endpoint was the
composite of one-year mortality and major cardiac and
thromboembolic events. The secondary endpoint was
the composite of death, major cardiac and
thromboembolic events within 30 days and all-cause
30-day and 1-year mortality. When groups were
compared, it was evident that patients predominantly
received the fibrinogen concentrate within the context
of major bleeding (30% vs. 10%) and re-operation due
to bleeding (21% vs. 7%). The unadjusted hazard ratios
for primary and secondary adverse outcomes in the
fibrinogen concentrate group were between 0.79 (95%
Cl 0.39-1.58) and 1.46 (95%Cl 0.55-3.82) (p = 0.678-
0.446) compared with matched controls. In the
subsequent logistic regression analysis, the use of
fibrinogen concentrate was not associated with an
increase in mortality or thromboembolic events. In a
post-authorisation  safety  study, Clottafact® (LFB
Biomedicaments, France), a human plasma-derived
fibrinogen concentrate was evaluated [57]. Amongst
156 total patients, two from the same centre
experienced a thromboembolic event (pulmonary
embolism/four-site  venous thromboembolic episode).
Both events were considered to be serious, but a
causal relationship with the fibrinogen concentrate
could not be established. Rather, the thrombotic events
were explained in the context of multiple injuries for
one patient and presence of pre-eclampsia for the
other. Likewise, a meta-analysis including 14 RCTs
(n=1035) in which most patients underwent cardiac
surgery could not demonstrate an increase in peri-
operative thrombotic complications with fibrinogen

concentrate [58]. Furthermore, a smaller multicentre
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retrospective cohort study (n = 1047) using propensity-
score analyses and multivariate logistic regression
analysis investigated the safety of concentrated
fibrinogen (fibrinogen/cryoprecipitate) in comparison
with placebo (each group n=191) and stated that
thrombotic events (14.1 vs. 14.7%, p = 0.88) and 30-day
mortality (3.1 vs. 5.2%, p=0.30) were not different
between the groups [59]. It must be borne in mind that
all  studies have only reported overt clinical
thromboembolic events and this does not preclude the
presence of silent thrombosis. [Correction added on 5
November 2019, after first online publication: Clottafact®

manufacturer details have been updated.]

Concluding recommendations

In view of the complexity of the haemostatic system,
particularly after high-risk cardiac surgery with bypass,
it is conceivable that a single pharmacological
intervention cannot be exclusively associated with an
improvement in  clinical outcome due to the
heterogeneity of patients, type of surgery, tissue injury,
concomitant antiplatelet therapy, etc. Even in an ideal
world, large multicentre studies with homogeneous
patient populations, reliable laboratory assays, similar
peri-operative timing of fibrinogen administration in
relation to the bypass period and identical transfusion
trigger/target levels would be difficult to establish.
Currently, available data are far away from delivering
such evidence.

Well-performed, sufficiently powered, prospective
multicentre trials addressing the use of fibrinogen
concentrate in cardiac surgery are urgently needed.
Viewing all available data, it appears that in such studies
standardised viscoelastic tests should be used to
harmonise fibrinogen monitoring and better define
transfusion thresholds. Additionally, such well-designed
trials will also help to better evaluate the role of
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viscoelastic tests in the bleeding patient in the special
setting of cardiac surgery [60]. Moreover, large sets of
safety data are required and should be collected in a
standardised manner to improve our experience with
the drug/blood product, also in conjunction with the
new dosing regimens and high-risk indications during
cardiac surgery.

Despite the limitations associated with the available
data, we recommend following in fibrinogen monitoring
and substitution practice:

1 Current evidence

concentrate  may reduce red cell transfusion

indicates  that  fibrinogen

requirements in cardiac surgery and that restoring
plasma physiological fibrinogen levels and activity in
a bleeding patient may improve haemostasis. Thus,
monitoring plasma fibrinogen level in bleeding
patients is a reasonable measure to quickly recognise
a fibrinogen-associated haemostasis disorder.

2 We believe that the key to achieving reliable and
reproducible data on the effectiveness of fibrinogen
replacement therapy is a standardised laboratory
environment. The definition of transfusion triggers for
fibrinogen supplementation, and evaluation of the
effectiveness of the intervention, requires reliable and
reproducible assays which provide close agreement in
the interpretation of test results. Conditions for
monitoring fibrinogen in cardiac surgery, particularly
when employing bypass, are unique. The inter-assay
variability in the standard laboratory test for fibrinogen,
the Clauss assay, is quite large under these conditions,
particularly when different detection methods are
compared. Additionally, high heparin levels during
bypass, fibrin degradation products, polymerisation
inhibitors and inhibitors of fibrin formation may affect
the reproducibility of test results [61]. After transfusion
of the fibrinogen concentrate, reproducibility is limited
further. In this regard, whether the Clauss assay can
continue to be used as the gold standard for the
determination of fibrinogen concentration and for the
definition of transfusion triggers in the setting of
cardiovascular surgery should be called into question.
Additionally, in routine clinical practice, the relatively
long turnaround time of the Clauss assay also has to be
considered as a substantial limitation in this very
dynamic setting. In contrast, the current viscoelastic
tests provide standardised reagents and methods for
clot detection, as well as computerisation of results,
which are then quickly available for the clinician.

Although viscoelastic tests are affected by factors other
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than the fibrinogen plasma concentration, they appear
to provide a fair estimation of the fibrinogen activity and
contribution to the clot, even during most conditions of
cardiac surgery with bypass. Therefore, it appears that
the fibrin-based thromboelastometry assay or functional
fibrinogen assay in thromboelastography have the
potential to be used — instead of the Clauss assay — as
the new reference standard in cardiovascular surgery for
defining critically low fibrinogen concentrations and for
assessing the effectiveness of targeted fibrinogen
replacement therapy. However, further studies in the
special setting of cardiac surgery should validate
‘critical’ values of functional fibrinogen assay in
thromboelastography corresponding to values of fibrin-
based thromboelastometry assay.

3 The fibrin-based thromboelastometry assay or
functional fibrinogen assay in thromboelastography
are best combined with other viscoelastic assays to
cover a range of haemostatic disturbances. For
rotational thromboelastometry, this could usefully
include both the fibrin-based and heparinase assays;
when thromboelastography is used, this could include
kaolin, kaolin with heparinase, the functional
fibrinogen assay and rapid thromboelastography with
tissue factor activation.

4 According to available data, while being aware of the
substantial limitations of the quality of these data, a
maximum  clot firmness in the fibrin-based
thromboelastometry assay of <4-6 mm should be
considered a reasonable trigger in the bleeding
patient, whereas a maximum clot firmness in the fibrin-
based thromboelastometry assay of 6-8 mm appears
to be a ‘grey zone’ where considering replacement of
fibrinogen may be considered.

5 In post-bypass bleeding, the maintenance of
physiological plasma fibrinogen levels (> 9 mm of
maximum  clot firmness in the fibrin-based
thromboelastometry assay) is crucial. The target level is
uncertain, but available evidence does not support
aiming for supranormal levels (maximum clot firmness
in the fibrin-based thromboelastometry assay
> 14 mm).
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