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Adequate plasma levels of fibrinogen are essential for clot formation, and in severe
bleeding, fibrinogen reaches a critically low plasma concentration earlier than other
coagulation factors. Although the critical minimum concentration of fibrinogen to
maintain hemostasis is a matter of debate, many patients with coagulopathic bleeding
require fibrinogen supplementation. Among the treatment options for fibrinogen
supplementation, fibrinogen concentrate may be viewed by some as preferable to fresh
frozen plasma or cryoprecipitate. The authors review major studies that have assessed
fibrinogen treatment in trauma, cardiac surgery, end-stage liver disease, postpartum
hemorrhage, and pediatric patients. Some but not all randomized controlled trials have
shown that fibrinogen concentrate can be beneficial in these settings. The use of
fibrinogen as part of coagulation factor concentrate based therapy guided by point-of-
care viscoelastic coagulation monitoring (ROTEM [rotational thromboelastometry] or
TEG [thromboelastography]) appears promising. In addition to reducing patients’
exposure to allogeneic blood products, this strategy may reduce the risk of compli-
cations such as transfusion-associated circulatory overload, transfusion-related acute
lung injury, and thromboembolic adverse events. Randomized controlled trials are
challenging to perform in patients with critical bleeding, and more evidence is needed
in this setting. However, current scientific rationale and clinical data support fibrinogen
repletion in patients with ongoing bleeding and confirmed fibrinogen deficiency.

The causes of coagulopathic surgical bleeding are complex
and multifactorial. Factors that contribute to coagulopathy
include hemodilution, acquired platelet dysfunction,
coagulation factor consumption (e.g., in extracorporeal
circuits), activation of fibrinolytic, fibrinogenolytic and
inflammatory pathways, and hypothermia. In addition,
hemostatic defects can be caused by prescribed oral anti-
coagulants (e.g., warfarin, dabigatran, rivaroxaban, apixa-
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ban, edoxaban) or platelet inhibitors. Congenital disorders
such as von Willebrand’s disease and hemophilia represent
additional potential causes of bleeding, although these are
less common. The management of perioperative bleeding
requires identification of the possible causes, accurate
diagnosis of the coagulopathy using laboratory or point-
of-care testing, and treatment with needed allogeneic
blood products and/or coagulation factor concentrates.
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The overall aims of therapy are to restore hemostasis and
minimize blood loss while avoiding any unnecessary trans-
fusions. Despite the frequent use of allogeneic blood products,
these are associated with major risks that include transfusion-
related acute lung injury (TRALI), immunological reactions, and
transfusion-transmitted diseases.'”> To minimize the likeli-
hood of transfusion-related side effects, there has been a shift in
mainland Europe from empirical coagulation therapy with
major bleeding (e.g., administration of red blood cells (RBCs),
fresh frozen plasma (FFP), and platelets with a fixed 1:1:1 ratio)
to early, targeted treatment with recombinant and purified
coagulation factor concentrates.* The use of such products is
supported by their immediate availability, low administration
volume, rapid administration, and a high degree of viral safety.

Importance of Fibrinogen

Adequate plasma levels of the coagulation factor fibrinogen
are essential to the formation of stable blood clots. Fibrino-
gen (=Fig. 1) is a 340-kDa plasma glycoprotein synthesized
in the liver, with a mean half-life of 3 to 5 days.” During the
process of coagulation, fibrinogen molecules are cleaved by
thrombin into fibrin monomers, which then form a fibrin net
that enmeshes platelets.

In severe bleeding, fibrinogen reaches critically low plasma
concentrations at an earlier stage than other coagulation
factors.® The normal range for plasma fibrinogen concentration
is around 2 to 4.5 g/L, although slight variations on this range
are used by different laboratories due to different reagents used
for fibrinogen measurement. Higher levels are observed during
pregnancy, often > 5 g/L during the third trimester. The critical
minimum concentration of fibrinogen to maintain hemostasis
is a matter of debate. Guidelines from the American Society of
Anesthesiologists Task Force on Perioperative Blood Manage-
ment recommend fibrinogen supplementation for patients
with bleeding and a plasma fibrinogen level below 0.8 to 1 g/L,’

Fig. 1 Fibrinogen molecule. (Reproduced with permission from
Laguna Design/Science Photo Library.)
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but more recent European guidelines recommend threshold
levels of 1.5 to 2g/L relating to perioperative bleeding and
trauma.®° In practice, the critical threshold for fibrinogen is
probably affected by the availability of other hemostatic factors
(e.g., thrombin). For the assessment of functional fibrinogen
levels in the setting of surgery, viscoelastic coagulation tests
may be considered preferable to the Clauss assay because they
can be performed rapidly at the point-of-care. For example, in
the FIBTEM assay (performed using a rotational thrombo-
elastometry [ROTEM] device), amplitude at 10 minutes follow-
ing the start of clot formation (A10) allows early identification
of fibrinogen deficiency. FIBTEM A10 values below 10 mm have
been suggested as a trigger for fibrinogen substitution.®'0
Viscoelastic studies have shown that clot strength increases
linearly with fibrinogen concentration suggesting that irre-
spective of the baseline plasma level, fibrinogen supplementa-
tion will always increase clot strength.'’

Fibrinogen Supplementation Strategies

There are three possible treatment options for fibrinogen
supplementation that include FFP, cryoprecipitate, and fibrin-
ogen concentrate. The main drawback with FFP is that a large
volume is often required to achieve a clinically meaningful
increase in the patient’s plasma fibrinogen level.'? This is
attributed to the concentration of fibrinogen in FFP being close
to (i.e., not far above) the desired level in the patient, which
means that fibrinogen levels may not be sufficiently increased
when FFP is used. In addition, the risks of complications with
FFP, such as transfusion-associated circulatory overload
(TACO) and TRALI, should be considered. Cryoprecipitate
provides a higher concentration of fibrinogen than FFP (typi-
cally 10-20g/L) and also contains factor VIII, fibronectin, von
Willebrand factor (VWF), and factor XIlI'%'3; however, the
concentration of fibrinogen varies considerably between dif-
ferent samples. Cryoprecipitate is commonly used in the
United States and the United Kingdom, but it was withdrawn
from many European countries due to safety concerns (as it
does not undergo pathogen reduction) once fibrinogen con-
centrate became available. Pasteurized fibrinogen concen-
trates are pathogen-reduced, and clinical experience shows
that the risk of virus transmission is very low (1 in 31,000
doses).* It can be reconstituted quickly and is administered
without thawing or crossmatching, which enables a short time
to infusion. Although fibrinogen concentrate is more expen-
sive than cryoprecipitate or FFP per gram of fibrinogen, which
could limit its use in developing countries, it provides a more
consistent dose, 20g/L, than either cryoprecipitate or FFP.
Fibrinogen concentrate is licensed in several countries world-
wide for treatment and prophylaxis in patients with either
acquired or congenital fibrinogen deficiency.'

Numerous studies in animals and human patients have
investigated the effects of supplementary fibrinogen as
hemostatic therapy. However, only a limited number of
randomized controlled trials (RCTs) have been performed
due to the inherent difficulties of performing such inves-
tigations in patients with major bleeding. Available data on
the effects of fibrinogen supplementation are somewhat
discordant. This review discusses evidence from clinical
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and experimental studies of fibrinogen supplementation in
clinical settings where such treatment is most likely to be
required.

Trauma

Trauma-induced coagulopathy is an important cause of mor-
tality and can occur early after injury. Coagulopathy may be
exacerbated by consumption and dilution of coagulation
factors, as well as hypothermia, acidosis, and hyperfibrinolysis.
Plasma concentrations of fibrinogen below 1.5 g/L have been
documented in 73% of patients with hemoglobin lower than
100¢g/L upon hospital admission and 63% of those with base
excess lower than -6 mmol/L."® Low fibrinogen levels on arrival
at the emergency room, or diminished strength of the fibrin-
based clot, has been associated with increased transfusion
requirements and increased mortality.”‘19 A retrospective
military study reported decreased mortality among seriously
injured soldiers treated with a high versus low fibrinogen:RBC
ratio.? These dataimply that early fibrinogen supplementation
may be beneficial in severely injured bleeding patients. Treat-
ment approaches in trauma-related bleeding, including
approaches to restoring low fibrinogen levels (e.g., whether
to use FFP, cryoprecipitate, or fibrinogen concentrate; what
threshold to use for triggering fibrinogen therapy), differ
greatly among trauma centers. Similar to other international
guidelines, the European guidelines for managing trauma
recommend treatment with fibrinogen in trauma patients
with significant bleeding and signs of functional fibrinogen
deficit or a plasma fibrinogen level less than 1.5 to 2 g/L.°
Allogeneic blood products, particularly FFP, are adminis-
tered in many centers as the principal means of achieving
hemostasis. However, FFP transfusion is associated with risks
of later multiple organ failure, acute respiratory distress
syndrome, TRALI, and TACO.2'-23 Administration of FFP to
bleeding patients may stabilize plasma fibrinogen levels,
avoiding further decrease, but provides limited scope to
achieve clinically significant increases in fibrinogen levels.'?
In contrast, cryoprecipitate or fibrinogen concentrate ena-
bles plasma fibrinogen levels to be raised as needed, and such
treatment can be guided by viscoelastic coagulation tests.
Retrospective studies have shown that coadministration of
fibrinogen along with other coagulation factors (e.g., pro-
thrombin complex concentrate [PCC]), as goal-directed
coagulation management defined by a treatment algorithm
(=Fig. 2), is potentially effective in the management of
trauma-related bleeding. In a retrospective review of 128
bleeding trauma patients, this treatment approach was
associated with lower mortality than that predicted by the
Trauma Injury Severity Score and the Revised Injury Severity
Classification score.’* Another retrospective study by the
same investigators showed that requirements for allogeneic
blood product transfusion were lower in trauma patients
treated with fibrinogen concentrate and/or PCC versus
patients treated with FFP.'® A third retrospective study
was conducted by a different group of investigators in 294
trauma patients to evaluate whether administration of fi-
brinogen concentrate improved patient outcomes.?® Despite
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areduction in mortality after 6 hours, fibrinogen concentrate
had no significant impact on overall mortality. A prospective
observational study was reported in 223 bleeding patients
treated with fibrinogen concentrate, most (92%) of whom
also received FFP.2° Statistically significant positive correla-
tions were observed between plasma fibrinogen levels (both
at the end of surgery and 24 hours postoperatively) and
survival, suggesting that fibrinogen supplementation may
improve the likelihood of survival.

The single-center RETIC study performed by Innerhofer et al
is currently the only RCT to have assessed fibrinogen supple-
mentation in trauma-related bleeding.?” First-line coagulation
factor concentrates were compared with FFP in patients who
were bleeding or expected to bleed. A treatment algorithm was
used, in which the doses of FFP and fibrinogen concentrate
were 15 mL/kg bodyweight and 50 mg/kg, respectively. After
interim analysis of 100 patients (of whom 48 received FFP and
52 received coagulation factor concentrates), the trial was
terminated early due to high risks of treatment failure and
massive transfusion in the FFP arm. A significantly higher
percentage of patients receiving FFP versus coagulation factor
concentrates required rescue therapy (52 vs. 4%; p < 0.0001),
and the percentages of patients receiving massive transfusion
were 30 versus 12% (p = 0.042).2’

Based on current evidence, the extent to which fibrinogen
concentrate is beneficial in patients with trauma-related
bleeding is still a matter of debate. RCTs are challenging to
perform in this field, but more data from such studies are
clearly needed.

Cardiopulmonary Bypass and Cardiac
Surgery

The conduct of cardiac surgery requiring the use of cardio-
pulmonary bypass (CPB) can cause major perturbations in
coagulation. Patients’ coagulation status may be compro-
mised due to several reasons such as hemostatic activation
and consumption of coagulation factors during and after CPB,
the effects of heparin and protamine, hypothermia, and
hemodilution.?® Furthermore, many patients are on oral
anticoagulants that may not be discontinued before surgery,
which subsequently increases the risk of bleeding. Given the
multifactorial causes of coagulopathy, we recommend the
use of point-of-care viscoelastic coagulation monitoring to
allow for rapid, targeted therapy.

At the onset of CPB, the patient’s blood is diluted due to
priming of the bypass circuit with crystalloids and/or col-
loids.?®3% Subsequently, nonphysiological flow patterns
within the bypass circuit (e.g., shear effects) can affect
plasmatic and cellular components of hemostasis.?® Inter-
actions between the blood and the circuit include activation
and binding of coagulation factors and platelets, leading to
reductions in plasma levels and/or function of these con-
stituents.?®1-32 Heparin is administered before CPB to pre-
vent the blood from clotting in the bypass circuit, but
hemostatic activation still occurs and can cause depletion
of coagulation factors as well as thrombocytopenia and
platelet dysfunction.?® Furthermore, in a single study, it
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Algorithm for treating bleeding in patients with

trauma-induced coagulopathy

Temperature
BGA
Electrolytes
Hematocrit

Optimize preconditions >

Severe trauma (ISS >16)
and | or severe shock

Treat (hyper)fibrinolysis >

1. Focus on:
fibrin deficit

Increase FIBTEM CA,; to 10-12 mm
Fibrinogen concentrate:

H FIBTEM CA,, <7 mm >

FIBTEM 0-3 mm

Reassass aftar treatment |

2. Focus on:

deficit

thrombin generation

EXTEM CT >80 s >

| Reassess after treatmeant I

3. Focus on:

platelet deficit

Increase EXTEM CA,,
Platelet concentrate

and platelet count <50,000/pL)

| Reassess after reatment

EXTEM CA,; <40 mm
{while FIBTEM CA,; >12 mm

deficiency

Severe clot

Fibrinogen

Treat immediately
H EXTEM CA,, <30 mm >

| Reassess after treatment I

Or FFP high do
Increase platelet count

ROTEM may also identify:

Potential heparin
exposure
(e.g., cell-saver blood)

HEPTEM CT < INTEM CT >

Treat heparin effect

Clot instability
non-related to
rfibrinolysis

h

Both EXTEM ML >15% Consider
and APTEM ML >15%

Factor X111 1250 U

Fig. 2 Algorithm for managing trauma-induced coagulopathy and diffuse microvascular bleeding. “For patients who are unconscious or known to be taking
platelet inhibitor medication, Multiplate tests (adenosine diphosphate test, arachidonic acid test, and thrombin receptor activating peptide-6 test) are also
performed. 8If decreased antithrombin Il (ATIIl) is suspected or known, consider coadministration of ATIIl. fAny major improvement in extrinsically activated
test plus aprotinin or tranexamic acid (APTEM) parameters compared with corresponding EXTEM parameters may be interpreted as a sign of hyperfibrinolysis.
1Only for patients not receiving TXA at an earlier stage of the algorithm. BGA, blood gas analysis; BW, body weight; Ca, calcium; CT, clotting time; FFP, fresh
frozen plasma; ISS, injury severity score; ML, maximum lysis; PCC, prothrombin complex concentrate; TXA, tranexamic acid. (Reproduced with permission
from Schochl H, Schlimp C. Trauma bleeding management: the concept of goal-directed primary care. Anesth Analg 2014;119(5):1064-1073.)

was suggested that fibrin formation is impaired during CPB
to a greater extent than either thrombin generation or the
platelet component of clot strength.3? This suggests that
fibrinogen deficiency may be an important cause of ongoing
bleeding in both adult and pediatric cardiac surgery. The risk
of major bleeding is substantially increased when fibrinogen
levels drop below 1.5 to 2 g/L.33

Data on the early use of fibrinogen concentrate in adult
cardiac surgery are conflicting. In a single-center, prospective,
double-blinded RCT, patients undergoing complex cardiac sur-

gery, with CPB duration predicted to exceed 90 minutes, were
randomized to receive fibrinogen concentrate or placebo.>* The
dose of fibrinogen concentrate was designed to achieve a target
FIBTEM maximum clot firmness (MCF) of 22 mm, and this
resulted in a median dose of 4 g. Patients in the placebo arm
received the equivalent volume as saline solution. The percent-
age of patients avoiding treatment with any allogeneic blood
product was 67.2% with fibrinogen concentrate and 44.8% with
placebo (odds ratio: 0.40; p=0.015). Moreover, there was a
significant reduction in median postoperative blood loss in the

Seminars in Thrombosis & Hemostasis  Vol. 46 No. 1/2020

41

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



42

Fibrinogen Supplementation Grottke et al.

2500+

2000+ ®

1500+

1000+ .

Postoperative bleeding (mL/12h)

y = 22600 X073
R?=0.09, P=0.001

- Control
® Treatment
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Fig.3 Association between plasma fibrinogen levels and bleeding in cardiac surgery. The negative relationship remained significant (p =0.05)
after adjustment for treatment arm. (Reproduced from Ranucci M, Baryshnikova E, Crapelli GB, et al; Surgical Clinical Outcome REsearch (SCORE)
Group. Randomized, Double-Blinded, Placebo-Controlled Trial of Fibrinogen Concentrate Supplementation After Complex Cardiac Surgery. Am |

Heart Assoc 2015;4(6):e002066, licensed under CC BY-NC 4.0.)

fibrinogen concentrate arm: 300 versus 355mL; p=0.042. A
significant negative association was found between plasma
fibrinogen levels upon arrival at the intensive care unit (ICU)
and the amount of postoperative bleeding (= Fig. 3). No throm-
boembolic events occurred in patients who had received fibrin-
ogen concentrate. As this was a single-center study that
excluded important groups of patients (e.g., anemic), the gen-
eralizability of results is not known.

Another double-blinded placebo-controlled phase 3 RCT
(REPLACE) assessed fibrinogen concentrate as first-line treat-
ment for bleeding in complex cardiovascular surgery patients
after separation from bypass and surgical hemostasis.>> As in
the aforementioned study, the dose of fibrinogen concentrate
was based on a target FIBTEM MCF of 22 mm. The median
number of units of allogeneic blood products transfused
during 24 hours after administration of study treatment (pri-
mary endpoint) was 5 with fibrinogen concentrate and 3 with
placebo (p = 0.026). Also, 5-minute bleeding mass decreased
from pre- to postadministration of fibrinogen concentrate by
20 g and decreased from pre- to postadministration of placebo
by 19.5 g (p =0.32). The results of this study were unexpected
and may have been related to the low rates of adherence to the
study protocol or the criteria for administering study treat-
ment (nonstandard method for measuring bleeding and the
lack of significant hypofibrinogenemia seen in adult patients
undergoing CPB). A previous randomized phase 2 study per-
formed using similar methods at a single center reported a
statistically significant reduction in the median 24-hour trans-
fusion of allogeneic blood products in patients treated with
fibrinogen concentrate versus placebo (2 vs. 13 units;
p<0.001), but this study also had important limitations.>®
In addition, several cohort studies performed in patients
undergoing different types of cardiovascular surgery (aortic
valve operation and ascending aorta replacement, thoracoab-
dominal aortic aneurysm surgery, coronary artery bypass
grafting) suggested that FIBTEM-guided fibrinogen concen-
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trate therapy postbypass can reduce requirements for trans-
fusion of allogeneic blood products.3’—>°

Use of fibrinogen concentrate along with other coagulation
factors according to a coagulation management algorithm that
included point-of-care viscoelastic coagulation testing has
been investigated in cardiovascular surgery and has been
shown to reduce transfusions of allogeneic blood products.*
Overall, there is a rationale for fibrinogen supplementation as
an essential part of coagulation therapy in cardiac surgery
patients with bleeding after separation from CPB. The use of
fibrinogen concentrate may reduce patients’ requirements for
allogeneic blood products, reduce bleeding rates, and improve
treatment safety, but confirmatory and more definitive data
are required. The effects of fibrinogen repletion using fibrino-
gen concentrate compared with cryoprecipitate in this setting
have been studied further in the multicenter, active-control,
single-blinded phase 3 FIBrinogen REplenishment in Surgery
(FIBRES) RCT, the results of which are expected shortly.*'

End-Stage Liver Disease

Patients with end-stage liver disease (ESLD) have an in-
creased risk of bleeding due to multiple hemostatic abnor-
malities. ESLD is associated with reduced concentrations of
both pro- and anticoagulant proteins. On the procoagulant
side, a deficiency of vitamin K-dependent coagulation factors
(11, VII, IX, X) is typically accompanied by thrombocytopenia.
Reduced levels of vitamin K-dependent factors prolong the
prothrombin time (PT), and this may be interpreted as an
increased bleeding risk. However, anticoagulants such as
proteins C and S are also vitamin K-dependent, meaning
that their levels are also decreased, and this is not evident
from routine coagulation or viscoelastic tests.*? Patients
with ESLD present with chronic inflammation, depending
on portal hypertension,*> which can affect hemostasis. An
increase in plasma levels of VWF results at least partly
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from a deficiency of the hepatically synthesized protease
ADAMTS (a disintegrin and metalloproteinase with throm-
bospondin motifs), serving as compensation for thrombocy-
topenia. Plasma levels of factor VIII are three times higher in
ESLD patients than in healthy volunteers.** Cirrhosis has
been associated widely with laboratory changes favoring
hyperfibrinolysis, such as increased levels of tissue plasmin-
ogen activator (t-PA) and reduced levels of thrombin-acti-
vatable fibrinolysis inhibitor (TAFI) and «-2 antiplasmin.
However, in patients with ESLD, the balance of fibrinolysis
seems to be restored by corresponding changes to the anti-
fibrinolytic pathways.*>

Overall, patients with ESLD have rebalanced hemostasis
(i.e., physiological procoagulant and anticoagulant factors are
both reduced, sometimes to the same extent), implying that
when hemorrhage does occur, it should not be assumed based
on tests such as PT that there is a need for procoagulant
therapy.*’ The main reason for bleeding in this patient popu-
lation is portal hypertension,** and there is more likely to be a
risk of thrombosis than bleeding.*® Coagulation management
guided by viscoelastic testing using a ROTEM or thromboelas-
tography (TEG) device together with clinical considerations
such as the extent and nature of bleeding is suggested.* Blasi
et al hypothesized that baseline (presurgery) thromboelas-
tometry data may predict perioperative transfusion require-
ments.”® They found that EXTEM A10 < 35 mm before surgery
is highly predictive of blood transfusion during surgery. In
another study, FIBTEM A10>13mm in liver transplant
patients at the time of admission to the ICU was shown to
provide a negative predictive value for postoperative bleeding
of 95.8%.>" As an example, this would mean that for 1,000
patients who had FIBTEM > 13 mm, 958 would not bleed.

Plasma levels of fibrinogen in ESLD may be normal or
decreased but due to modified oxidation of the fibrin poly-
mer, the fibrin net is less permeable and less sensitive to
fibrinolysis.>? Although in other settings such as trauma, low
plasma fibrinogen levels (< 1 g/L) may be associated with a
higher risk of spontaneous bleeding, this is not necessarily
the case in patients with ESLD. In healthy adults, fibrinogen
contributes approximately 16% of clot elasticity; in liver
failure, this percentage remains similar (~14%) despite the
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strength of the fibrin-based clot being reduced by approxi-
mately 38%.°37°% The minimum plasma level of fibrinogen
needed to prevent bleeding in ESLD is yet to be established
definitively. Based on the results of a prospective study,
Nadim et al recommended levels of 1 to 1.5g/L before
surgical procedures are undertaken.”’ Another prospective
trial showed that fibrinogen levels < 0.6 g/L were associated
with spontaneous bleeding in ESLD, but in this setting, this
would also reflect deficiency of other coagulation factors,
thrombocytopenia, and enhanced fibrinolysis.’® In relation
to viscoelastic coagulation testing, a FIBTEM MCF of 8 to
10 mm appears sufficient for the prevention of spontaneous
bleeding.>' Therefore, we would advocate fibrinogen
supplementation in bleeding ESLD patients with FIBTEM
MCF < 8 mm.

ROTEM-guided treatment with coagulation factor concen-
trates was assessed in a study of liver transplant patients, in
which fibrinogen concentrate was administered with a target
FIBTEM MCF of 6 mm and PCC was given with a target EXTEM
MCF of 35 mm. Transfusion of allogeneic blood products was
low, with median values of 2 units of RBCs and no units of FFP
and platelets (~Fig. 4).>° Thirty-six percent of transplants
were performed without administering any RBCs, FFP trans-
fusion was avoided in 85% of cases, and platelets were not
required in 71% of cases. Fifty-eight percent of patients were
treated with fibrinogen concentrates and the median dose was
6.3 g. The low rate of blood product use in this study supports
the use of fibrinogen concentrates in this setting, with guid-
ance from viscoelastic testing.

The question of whether preemptive fibrinogen supple-
mentation might be beneficial before surgical procedures in
ESLD patients was explored by Sabate et al in a prospective
randomized trial.%° The treatment group received preemp-
tive fibrinogen concentrate with a targeted fibrinogen plas-
ma level of 2.9 g/L before undergoing liver transplantation,
whereas no preemptive treatment was administered to the
control group. Once surgery started, fibrinogen concentrate
could be administered in either group if fibrinogen levels fell
below 1g/L. Patients in the treatment group received a
median fibrinogen dose of 3.54 g preemptively and a total
of 4.14g over 24 hours, with the latter being significantly

1-5

80 2%(1-20)
% 50 9%
E 5w
% 40 855 (0 U)
& 71% (0 U)

20

0

FFP PLT concentrates

Fig. 4 Transfusion of allogeneic blood products in liver transplant patients receiving ROTEM-guided treatment with coagulation factor
concentrates including fibrinogen (N =266). (Reproduced with permission from Kirchner C, Dirkmann D, Treckmann JW, et al. Coagulation
management with factor concentrates in liver transplantation: a single-center experience. Transfusion 2014;54(10 Pt 2):2760-2768.)

Seminars in Thrombosis & Hemostasis  Vol. 46 No. 1/2020

43

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



44

Fibrinogen Supplementation Grottke et al.

higher than in the control group (2.58 g). However, transfu-
sion rates for RBCs and platelets were not reduced by
preemptive treatment. Based on our observations, we sug-
gest that fibrinogen supplementation should only be admin-
istered to liver transplantation patients who are bleeding.

Postpartum Hemorrhage

Globally, postpartum hemorrhage (PPH) is the leading cause
of maternal deaths.®’ Pregnancy has a marked influence on
the delicate balance that normally exists between procoa-
gulants, the anticoagulant system, and the fibrinolytic
process. Levels of fibrinogen, VWF, factors VII, VIII, IX, X,
XII, TAFI, and PAI-1 are increased, whereas antagonists of
coagulation such as protein C and antithrombin remain
largely unchanged and protein S and t-PA decrease.®” These
changes leave the pregnant woman in a theoretical pro-
thrombotic state at the end of the third trimester to help
combat the hemorrhagic challenge presented by childbirth.
Fibrinogen depletion in early PPH is predictive of progres-
sion to severe PPH, suggesting a causative relationship for
ongoing bleeding.%3-%¢ For the management of PPH, the use of
algorithms or massive hemorrhage protocols can help reduce
overall transfusion requirements and hemorrhage-associated
morbidity. Due to lack of adequate evidence, there is a wide
variation in managing PPH. In some hospitals, blood products
are administered preemptively with a fixed ratio of RBC, FFP,
and platelets, despite the paucity of evidence for this ap-
proach.®” Women in the third trimester of pregnancy generally
have a fibrinogen level of 4 to 6 g/L, whereas FFP derived from
nonpregnant donors has a fibrinogen level of approximately
2 g/L.Therefore, the administration of FFP as part of a formulaic
approach may be counterproductive and cause a reduction of
fibrinogen levels. Cryoprecipitate is a more concentrated
source of fibrinogen and can therefore be used to increase
the patient’s plasma fibrinogen level. However, in PPH as in
other settings, fibrinogen concentrate may be considered
preferable due to easy (rapid) administration, convenient
storage, standardized fibrinogen content, and low risk of
complications such as transmission of pathogens and TRALL

When and How Should Fibrinogen Be Supplemented in
a Bleeding Parturient?

Prepartum fibrinogen levels do not appear to affect the risk
of PPH.®8 Therefore, prophylactic administration of fibrino-
gen before delivery appears unlikely to be beneficial.

A recent multicenter RCT in PPH compared fibrinogen
concentrate with placebo in women with a modest PPH
(1,000-1,500 mL blood loss) and a modest drop in fibrinogen
levels (FIBTEM A5 < 16 mm).%° Fibrinogen concentrate admin-
istered with the aim of restoring FIBTEM A5 to > 22 mm did not
produce statistically significant reductions in transfusion of
allogeneic blood products or blood loss. A prespecified sub-
group analysis suggested that FIBTEM A5>12mm or
fibrinogen >2g/L is sufficient for hemostasis. As shown
in =Fig. 5, in patients with low pretreatment fibrinogen levels,
fibrinogen concentrate therapy was associated with reduc-
tions in transfusions and bleeding.
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In an observational study, two cohorts of patients with an
estimated blood loss of >1,500mL and FIBTEM A5 < 12 mm
(indicative of plasma fibrinogen level <2g/L) were com-
pared.”® The first cohort was treated with “shock packs”
(4 units of RBCs, 4 units of FFP, and 1 unit of platelets), and
the second cohort received ROTEM-guided fibrinogen concen-
trate as first-line intervention, with allogeneic blood products
subsequently given as needed. The criteria for administering
fibrinogen concentrate (dose: 3 g) were FIBTEM A5 < 7 mm or
FIBTEM A5 7 to 12 mm with active bleeding. After each dose,
FIBTEM A5 was reassessed, and if the criteria were still met, an
additional dose of fibrinogen concentrate was given; this cycle
was continued until the criteria were no longer met. The
median number of units of allogeneic blood products admin-
istered was 8 for patients treated with shock packs and 3.2 for
patients treated with fibrinogen concentrate (p = 0.0004). The
percentages of patients developing TACO in the two treatment
groups were 9.5 and 0%, respectively (p =0.038).

The results of an extension of this study, covering 32,647
deliveries, have been accepted for publication.”’ Out of 893
patients with estimated blood loss > 1,500 mL, only 203 (23%)
had FIBTEM A5 < 12 mm, of whom 110 met the criteria for
fibrinogen concentrate therapy. The total amount of fibrinogen
administered ranged from 3 to 18 g, but 67% of patients needed
only a single dose of 3 g. Higher doses were most commonly
needed by women with placental abruption (which is com-
monly associated with disseminated intravascular coagulation
and excessive consumption of clotting factors) or those with
massive blood loss (> 3,500mL). As in the original study,
FIBTEM-guided treatment with fibrinogen concentrate was
associated with statistically significant reductions in the
administration of allogeneic blood products. For example,
only 11 of the fibrinogen concentrate-treated patients required
FFP, 8 of whom had placental abruptions. Fibrinogen supple-
mentation also reduced the incidence of TACO, decreased the
rate of ICU admission, and produced a nonsignificant reduction
in the percentage of women requiring hysterectomy over the
4-year study period.

Low or falling plasma fibrinogen levels appear to be
associated with severe PPH, and the available evidence
suggests a critical threshold of 2 g/L. In most women with
moderate bleeding, plasma fibrinogen levels do not fall
below this threshold. Therefore, the administration of FFP
is likely to reduce the patient’s fibrinogen level and aggravate
bleeding, increasing the need for RBC transfusions; this may
lead to volume overload, which potentially necessitates ICU
admission. Patients in whom fibrinogen levels fall below
2 g/L(FIBTEM A5 < 12 mm) may benefit from treatment with
fibrinogen concentrate, although well-designed RCTs are
needed for confirmation.

Pediatric Patients

Plasma fibrinogen levels in children older than 1year are
comparable to low normal levels in adults. However, infants
younger than 1 year have lower levels; this may be attribut-
able to the fact that they have the fetal form of fibrinogen that
has a different structure to adult fibrinogen, although the
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Fig. 5 Fibrinogen concentrate therapy in postpartum hemorrhage: effects on blood loss and transfusion of allogeneic blood products within
24 hours of study treatment in patients with FIBTEM A5 levels > or < 12 mm, and plasma fibrinogen levels above or below 2 g/L. (Reproduced with
permission from Collins PW, Cannings-John R, Bruynseels D, et al. Viscoelastometric-guided early fibrinogen concentrate replacement during
postpartum hemorrhage: OBS2, a double-blind randomized controlled trial. Br | Anaesth 2017;119(3):411-421.)

functional activity is similar.”%73 No critical minimum level
of fibrinogen in children has been universally accepted, but
hypofibrinogenemia plays a key role in the development of
acquired perioperative coagulopathy.”4’® For example,
intraoperative fibrinogen levels during major surgery appear
to influence the extent of intraoperative and postoperative
bleeding as well as transfusion requirements.”®-3% Australian
guidelines for blood management in children recommend
fibrinogen supplementation when criteria similar to those
used in adults are met (fibrinogen level < 1.5 g/L; target level
of 2g/L in cases of critical bleeding).®-8!

The effects of intraoperative fibrinogen substitution have
been investigated in adult studies across a range of clinical
settings, but data from pediatric surgical patients are
scarce.”%-80-82-84 15 3 randomized clinical trial performed
in children undergoing major craniofacial or spinal surgery,
intraoperative fibrinogen concentrate was administered
using one of two FIBTEM MCF threshold values as a trigger,

<8mm (conventional) or <13 mm (early substitution), to
maintain fibrinogen levels throughout surgery.® Early sub-
stitution led to a significant reduction in blood loss and
transfusion of RBCs among children undergoing craniosyn-
ostosis surgery, although no significant differences were
observed in those undergoing scoliosis surgery (=~Fig. 6).
No intra- or postoperative transfusions of plasma or platelets
were necessary in any of the study participants despite
considerable blood loss, and no treatment-related adverse
events were observed. Economic analysis performed in
craniosynostosis patients showed that compared with con-
ventional fibrinogen supplementation, early substitution
incurred no significant increase in the total cost of coagula-
tion management (including allogeneic blood products and
coagulation factors).®> Posthoc analysis of study data
revealed that a fibrinogen concentrate dose of 50 mg/kg
was needed to increase FIBTEM MCF by approximately
5mm and that higher doses up to 100 mg/kg were needed
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T, Spielmann N, Restin T, et al. Higher fibrinogen concentrations for reduction of transfusion requirements during major pediatric surgery: a
prospective randomized controlled trial. Br | Anaesth 2015;115(2):234-243.)

to control bleeding in children with low plasma fibrinogen
levels (e.g., below 1 g/L).2® As in adults, the effect of a specific
dose on plasma levels is affected by a series of factors such as
the patient’s circulation volume, baseline fibrinogen concen-
tration, and administration of other therapies (e.g., RBCs).'?

In another randomized clinical trial including children
undergoing cardiac surgery, fibrinogen concentrate (60 mg/kg)
was compared with cryoprecipitate (10 mL/kg) in the manage-
ment of bleeding after CPB weaning.? Fibrinogen concentrate
was found to be similarly effective as cryoprecipitate, with no
significant differences in posttreatment fibrinogen levels or
rates of transfusion of allogeneic blood products. Also, no
safety-related differences between the two treatments were
evident. In a retrospective review of 50 neonates who under-
went elective cardiac surgery, administration of fibrinogen
concentrate (70 mg/kg) in the rewarming phase of CPB signifi-
cantly decreased transfusion of cryoprecipitate and FFP.84
Three comprehensive reviews of bleeding management during
pediatric major surgery have been published in recent
years3>8788 All of them emphasized the benefits of
goal-directed use of coagulation factors such as fibrinogen
concentrate, especially when guided by viscoelastic assays. A
meta-analysis of 14 randomized clinical trials involving 1,035
adult and pediatric surgical patients demonstrated that fibrin-
ogen concentrate therapy was associated with reduced
bleeding and that it might reduce all-cause mortality.®° How-
ever, this meta-analysis did not include specific (separate)
consideration of the pediatric data.

Seminars in Thrombosis & Hemostasis ~ Vol. 46 No. 1/2020

Further studies are warranted to elucidate the potential
benefits of administering fibrinogen concentrate to children
and to provide guidance regarding appropriate thresholds
and doses for timely, effective, and safe coagulation
management.

Conclusion

Fibrinogen plays an essential role in the process of coagula-
tion, and plasma levels of fibrinogen are depleted in a range
of clinical settings including those discussed previously. For
patients with coagulopathic bleeding in the perioperative
setting, we suggest point-of-care assessment of the fibrin-
based clot (using the FIBTEM assay [ROTEM] or the functional
fibrinogen assay [TEG]) to confirm the need for fibrinogen
supplementation. Fibrinogen concentrate may be considered
by some as preferable to either cryoprecipitate or FFP in
patients with hypofibrinogenemia, but direct comparisons
are lacking. Deficiencies in the evidence base for fibrinogen
concentrate are related to methodological challenges in
performing RCTs in patients with critical bleeding. For
example, fibrinogen supplementation may have limited effi-
cacy in patients without hypofibrinogenemia, and therefore
patients should only be treated after appropriate assess-
ment. Although further evidence is required, current scien-
tific rationale and clinical data provide sufficient basis for
administering fibrinogen to patients with ongoing bleeding
and confirmed fibrinogen deficiency.
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