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Introduction

Fibrinogen deficiency presents significant risks for both bleeding (hemor-
rhagic) and clotting (thrombotic) complications, making it one of the most
critical coagulation disorders.™ This deficiency can be congenital, which is
inherited, or acquired, and is associated with clinical bleeding ranging from
mild to severe, depending on the quantity and quality of circulating fibrinogen
and the clinical situation.! The management of congenital fibrinogen deficiency
is typically guided by expert opinion and is influenced by the clinical presen-
tation and the individual’s family history.2 In both congenital and acquired
cases, human plasma-derived fibrinogen replacement therapy—available as
fresh-frozen plasma (FFP), cryoprecipitate, or fibrinogen concentrates (FCs)—
is recommended for major bleeding events.2* Although cryoprecipitate has
traditionally been the primary option for fibrinogen replacement, FCs have
increasingly become a focal point in the modern management of these disor-
ders Currently, 2 FCs are approved for treating fibrinogen deficiencies, with a
third in clinical development.5® Understanding the role of fibrinogen in hemo-
stasis and indications for its replacement will enable clinicians to accurately
diagnose, assess risks, and tailor therapeutic approaches. Early recognition and
targeted interventions are essential for optimizing patient outcomes.

Role of Fibrinogen in Hemostasis

Fibrinogen Synthesis, Structure, and Function

Fibrinogen is a glycoprotein synthesized in the liver that plays a crucial role
in hemostasis. It serves as the precursor to fibrin, which is the primary struc-
tural component of blood clots. Fibrinogen production is regulated by the
expression of 3 genes—FGA, FGB, and FGG. In humans, plasma levels of fibrin-
ogen reach adult levels as early as 10 to 11 weeks of development. In addition to
its role in clot formation, fibrinogen facilitates platelet aggregation, modulates
inflammation, and contributes to wound healing.? Understanding the func-
tion of fibrinogen and the disorders related to its deficiency is essential for cli-
nicians, as these disorders can lead to significant bleeding and an increased risk
for thrombosis.®

Human fibrinogen is a large, dimeric protein composed of 6 polypeptide
chains linked centrally by disulfide bonds, forming a trimeric structure. The
polypeptide chains are produced by their respective genes (FGA, FGB, and
FGG) and designated as Aa, B3, and y, with molecular masses of 66.5 kDa,
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Figure 1. Fibrinogen synthesis and expression.
FpA, fibrinopeptide A; FpB, fibrinopeptide B.

Reused with permission from Kattula S, et al. Fibrinogen and fibrin in hemostasis and
thrombosis. Arterioscler Thromb Vasc Biol. 2017;37:e13-e21. www.ahajournals.org/doi/10.1161/
atvbaha.117.308564. American Heart Association, Inc.

52 kDa, and 46.5 kDa, respectively. The fibrinogen molecule is assembled in

a stepwise manner. Initially, single chains join to form Aa-y and BB-y com-
plexes. These then combine to create half molecules, which ultimately combine
into the final hexameric structure designated as (Ac,/Bp/y)2.” The chains are
linked together in the N-terminal E domain by 5 symmetrical disulfide bridges,
forming a central disulfide knot. This structure contributes to the overall mass
of the molecule, which is approximately 340 kDa. The Bf3 and y chains termi-
nate in globular regions designated as C and yC modules, respectively, which
together form the D domain. Meanwhile, the long Ac. chains extend into a
series of highly flexible repeats that terminate in a globular a.C region. The fully
formed fibrinogen molecule contains calcium ion binding sites, the binding of
which contributes to both its function and stability (Figure 1).

Fibrinogen plays a key role in hemostasis through several mechanisms.-*12

* Conversion to fibrin: During the coagulation cascade, thrombin cleaves
fibrinogen, releasing fibrinopeptides. This process allows fibrin monomers
to self-polymerize and form a stable clot.

* Platelet aggregation: Fibrinogen acts as a ligand for the platelet integrin
allbp3, facilitating the crosslinking and aggregation of platelets. This
helps stabilize the hemostatic plug.

* Regulation of fibrinolysis: The degradation of fibrin by plasmin is essential
for the dissolution of blood clots. An imbalance in this process can lead to
either excessive clotting or excessive bleeding.

Mechanism of Fibrin Formation and Clot Stabilization

The conversion of fibrinogen to fibrin is a crucial step in the coagulation cas-
cade and essential for achieving hemostasis." Following tissue injury, the zymo-
gen prothrombin is activated to thrombin, a highly specific serine protease
that cleaves small fibrinopeptides from fibrinogen molecules to create fibrin
monomers. These monomers spontaneously self-assemble in a staggered,
overlapping fashion into an intermediate polymer in the form of 2-stranded
protofibrils. Protofibrils further aggregate to form branching fibers that ulti-
mately yield the 3-dimensional insoluble fibrin gel network that provides the
structural scaffold of a blood clot.” Clot formation is further stabilized through
fibrin crosslinking via the activation of Factor Xllla by thrombin. Platelets also
contribute to the stabilization of clots in a process known as clot contraction
through the binding of fibrinogen via allbp3 (Figure 2).2

After a clot has formed, it subsequently dissolves under normal condi-
tions through fibrinolysis, allowing for the restoration of blood flow that was
impaired during vessel repair and reconstruction.” For fibrinolysis to occur,
plasminogen (Plg) on the fibrin surface must be converted by a Plg activa-
tor into the serine protease plasmin. This process results in the enzymatic lysis
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Figure 2. Mechanism of clot formation and lysis.
FDP, fibrin degradation product.
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of fibrin at lysine residues, which dissolves the clot into soluble fibrin degrada-
tion products (FDPs). The presence of fibrin accelerates fibrinolysis by form-
ing a cyclic ternary complex of activator, fibrin, and Plg.* Maintaining a balance
between the processes of fibrin formation and fibrinolysis is crucial, as exces-
sive clotting can lead to thrombosis, whereas excessive clot dissolution can
result in uncontrolled bleeding.

Challenges and Burdens of Fibrinogen Deficiencies

The clinical manifestations of fibrinogen deficiencies are heterogeneous and
depend on the quantity and quality of fibrinogen produced by the individual,
as well as the type of disorder (either inherited or acquired).2™ Presentation
can range from a complete absence of symptoms to varying degrees of bleed-
ing (eg, bruising, menorrhagia, miscarriage, epistaxis, gastrointestinal bleeding,
and, in rare cases, intracranial hemorrhage). Patients with fibrinogen deficiency
may also be at risk for thrombotic events.

Clinically, a fibrinogen level lower than the normal level of 200 mg/dL
(2 9/dL) is recognized as an independent risk factor for severe hemorrhage
and the need for transfusions in cases of trauma, cardiovascular (CV) surgery,
liver transplantation, and gynecologic or obstetric complications."*% Trauma
patients may benefit from an even higher optimal fibrinogen threshold concen-
tration of 2.29 g/LY In critical care settings, patients with fibrinogen deficiency
frequently present with low fibrinogen levels upon admission. This is associated
with poor outcomes, highlighting a major public health concern.241®1 Dur-
ing CV surgery, fibrinogen levels may decrease further due to the high doses
of heparin administered for cardiopulmonary bypass to prevent clot formation,
as well as the hemostatic changes associated with extracorporeal circulation.
These changes mimic disseminated intravascular coagulation, as evidenced
by elevated D-dimers, low fibrinogen levels, increased prothrombin or partial
thromboplastin times, thrombocytopenia, and decreased antithrombin levels.*

Fibrinogen levels typically increase significantly during pregnancy, and at
delivery correlate directly with the severity of postpartum hemorrhage, bleed-
ing time, the need for invasive procedures, duration of treatment, and timing of
intervention.” Furthermore, patients may experience heavy menstrual bleed-
ing, antepartum bleeding, and miscarriage.!

Timely delivery of treatment can be associated with better outcomes in
cases of trauma, CV surgery, major pediatric surgeries, and postpartum hem-
orrhage. However, FFP and cryoprecipitates must be thawed before adminis-
tration, which delays their use, or held pre-thawed, which reduces their shelf
life.2'® A randomized controlled trial revealed that trauma patients at risk for
bleeding could feasibly receive cryoprecipitate within 90 minutes of hospi-
tal arrival, but it demonstrated a median time to administration of 60 minutes,
which is of questionable utility during critical bleeding situations.2® These ther-
apies also must be administered in large volumes to ensure delivery of ade-
quate quantities of fibrinogen, and the concentrations of fibrinogen can vary.
FCs offer more rapid and specific delivery of a highly purified preparation with
a defined fibrinogen content that alters the concentration of other coagulation
factors.8%62

Congenital and Acquired Fibrinogen Deficiency

Congenital fibrinogen deficiencies are rare, accounting for approximately
8% of rare bleeding disorders.2 Mutations in the FGA, FGB, and FGG genes can
result in either a quantitative deficiency (eg, afibrinogenemia and hypofibri-
nogenemia) or a qualitative abnormality (eg, dysfibrinogenemia and hypo-
dysfibrinogenemia).’® Patients typically present in early childhood and may
experience spontaneous bleeding episodes.! The prevalence, causes, and pre-
sentations of these disorders are summarized in Table 1142222

Women with congenital fibrinogen deficiencies are at an overall increased
risk for adverse outcomes, beginning with the start of menstruation and con-
tinuing through pregnancy and delivery. Menorrhagia is the most prominent
symptom in women with afibrinogenemia as they enter reproductive maturity.
This condition includes risks for massive hemoperitoneum, which may require
surgical intervention, and ruptured corpus luteum cysts during the luteal phase
that can lead to oophorectomy.2* According to a systematic review of 188 preg-
nancies in 70 women between 1985 and 2018, those with congenital fibrino-
gen deficiencies were at increased risk for obstetric complications, with higher
rates of miscarriage during the first trimester (42.9% vs 20%), placental abrup-
tion (8% vs 0.5%), and postpartum hemorrhage, compared with the general
population (19.4% vs 2%-3%).%? Similar rates of miscarriage were observed

Afibrinogenemia*®2? ~1-2 cases per 1 million

individuals

Hypofibrinogenemia**%2  Variable: 1 per 1 million
in East Asian individuals
to 24.5 per 1 million in

non-Finnish Europeans deficiency

Dysfibrinogenemia*® 1per 100 to 1 per

1000 individuals

Hypodysfibrinogenemia®®  Unknown

function

Table 1. Congenital Fibrinogen Deficiencies: Types, Prevalence, Molecular Causes, and Clinical Presentations’*%%%%

_ Prevalence Molecular Cause Clinical Presentation

Quantitative congenital fibrinogen deficiency

Homozygous or compound
heterozygous fibrinogen gene
mutations that result ina
complete absence of fibrinogen

Commonly heterozygous
fibrinogen gene mutations
that result in partial fibrinogen

Qualitative congenital fibrinogen deficiency

Heterozygous missense
fibrinogen gene mutations that
affect fibrin polymerization

Heterozygous missense

fibrinogen gene mutations
that result in reduced levels
of fibrinogen with impaired

Severe bleeding manifestations that may include umbilical cord
hemorrhage at birth, cutaneous bleeding, hematoma, placental
abruption, spontaneous soft tissue bleeding, increased risk for
thrombosis, central nervous system bleeding, bone pain, spontaneous
splenic rupture, menorrhagia, peritoneal bleeding secondary to
hemorrhagic rupture of ovarian cysts, and hemarthrosis

Often asymptomatic but can lead to bleeding during surgical
procedures or after traumatic injuries, miscarriage, postpartum
hemorrhage, menorrhagia, placental abruption, fibrinogen storage
disease, and risk for thromboses

Frequently asymptomatic but can lead to bleeding and/or
thromboembolic complications, which include a higher risk for
miscarriage, postpartum thrombosis, and menorrhagia

Asymptomatic in some cases; more frequently, cutaneous bleeding
and mild bleeding associated with obstetric or gynecologic-related
hemorrhage or thromboses
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in a 2024 analysis, with spontaneous abortion occurring in 31% (21 of 68) of
pregnancies in women with congenital fibrinogen deficiencies, 86% of which
occurred in pregnant women with dysfibrinogenemia and 14% in those with
hypofibrinogenemia.

Acquired fibrinogen deficiencies are more prevalent than congenital cases
and can arise from external factors that either disrupt the synthesis or function
of fibrinogen, or lead to its consumption.®2 Common causes and mechanisms
that can lead to fibrinogen depletion are summarized in Table 2.2%/52

Clinically, acquired fibrinogen deficiencies can manifest symptoms similar
to those seen in congenital cases, with some patients exhibiting no symptoms
and others presenting with bleeding or thrombotic events.> As with congeni-
tal causes, presentation largely depends on etiology and the presence of other
coagulation abnormalities.

Diagnostic Challenges and Implications for Targeted Therapeutic
Decision Making

Due in part to the overlapping clinical symptomatology among disorder
subtypes, the Scientific and Standardization Committee of the International
Society on Thrombosis and Haemostasis developed a classification system for
congenital fibrinogen deficiencies. The system is based on symptom presenta-
tion and severity, as well as fibrinogen levels, and is intended to aid in the diag-
nosis and differentiation of these deficiencies.”’ However, factors that inhibit
fibrin formation, as well as those that decrease light transmission, can reduce
the accuracy of the results.

For example, in CV surgery, high doses of heparin are often used to prevent
thrombosis during cardiopulmonary bypass and extracorporeal circulation.
Heparin use, along with fibrinogen consumption during extracorporeal circu-
lation, may reduce levels of fibrinogen both during and after surgery, causing
acquired hypofibrinogenemia or dysfibrinogenemia, which may increase the
risk for bleeding.

Moreover, the rarity of these disorders can complicate the diagnosis of spe-
cific subtypes, particularly in the case of hypodysfibrinogenemia. This condition
is infrequently reported and shares characteristics with both hypo- and dysfi-
brinogenemia, potentially contributing to misdiagnoses despite the presence
of distinct biological variants, clinical phenotypes, and molecular genotypes.

Currently available FC products are not approved for use in all types of
fibrinogen deficiencies (eg, dysfibrinogenemia). Therefore, understanding

a patient’s specific subtype of congenital or acquired fibrinogen deficiency
has important implications for effective treatment.5” As more mutations are
identified, genotyping is beginning to play an important role in confirming
diagnosis, characterizing subtypes, and guiding treatment selection.!

Another challenge to ensuring the delivery of quality care for patients
with fibrinogen deficiency is the variability in treatment recommendations.
Existing guidelines are largely based on expert opinion and are influenced
by individual patient presentation and family history.? Although fibrinogen
repletion with FC is widely performed to treat bleeding episodes, a consen-
sus on the precise dose of fibrinogen to be administered has not yet been
determined.*? Various international guidelines from the United States, Great
Britain, Europe, and Australia offer recommendations for the administration
of FCs to patients with massive hemorrhage-associated coagulopathy, but
there is currently no standardized minimum dose or assay for measurement
of fibrinogen levels across groups.2228 Thus, protocols for fibrinogen replace-
ment therapy may vary across institutions depending on the guidelines most
familiar to the administering clinicians.

Diagnosis and Testing

Accurate diagnosis is crucial for effective management of bleeding disor-
ders. Various laboratory tests, including the Clauss assay, viscoelastic testing
(VET), thrombin clotting time (TT), and fibrinogen antigen assays, are essen-
tial in this effort.? Clinicians may find it challenging to differentiate between
congenital and acquired fibrinogen deficiencies, as the laboratory findings
for both types can overlap. A structured diagnostic approach is also essen-
tial for accurate differentiation, development of individualized patient man-
agement plans, and achievement of optimal clinical outcomes.” Integrating
knowledge of the utility of available clinical tests, understanding hemostasis,
interpreting laboratory test results, and considering patient history will aid in
making an accurate diagnosis and providing effective treatment.

Clauss Assay

The Clauss fibrinogen assay is the most widely used test for evaluating
fibrinogen function."22528 This assay involves adding a high concentration of
thrombin to a diluted plasma sample to measure the clotting time, which has
an established inverse relationship with fibrinogen concentration.? It can be
a valuable component of hemostasis testing with reported turnaround times

Hypofibrinogenemia  Liver disease?®>%

the ra py2,9,15,26
Massive transfusion®>%

Dysfibrinogenemia Major trauma and hemorrhage®?

Autoimmune disease (eg, rheumatoid arthritis, systemic
lupus erythematosus), malignancy (eg, myeloma), certain
medications (eg, L-asparaginase), and the use of plasma
exchange with albumin as replacement fluid%21>%

Liver disease??1>%

Hyperfibrinolysis2

FDP, fibrinogen degradation product.

Disseminated intravascular coagulation, sepsis, thrombolytic

Table 2. Acquired Fibrinogen Deficiencies: Types, Causes, and Clinical Presentation®'>2

e T "

Reduced liver function resulting in impaired fibrinogen biosynthesis

Consumption coagulopathy, which reduces fibrinogen level and increases
FDP level in the plasma, impairing normal fibrinogen function

Hemodilution of coagulant factors through the delivery of large volumes of
blood that results in a reduced concentration of fibrinogen in the plasma

Significant blood loss that triggers reduced levels of fibrinogen in the plasma

Production of anti-fibrinogen antibodies that result in autoimmune clearance
of fibrinogen

Development of liver disease, including liver failure (eg, chronic liver disease,
and cirrhosis) that leads to decreased fibrinogen levels and impaired clot
formation due to an increase in sialic acid residue content that interferes with
fibrin polymerization

Amplified breakdown of fibrinogen into fibrin that disrupts the balance
between the formation and degradation of fibrin
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of less than 20 minutes when adapted for critical situations.2? However, it has
several limitations. For example, it can yield misleading results in the pres-
ence of thrombin inhibitors, such as direct thrombin inhibitors (DTls), and
high levels of FDPs. Moreover, samples from patients receiving unfraction-
ated heparin (UFH) therapy or those collected from heparin-contaminated
lines may show falsely low fibrinogen levels. Additionally, the detection of
clot formation by turbidity rather than mechanical means can complicate
interpretation. Finally, the Clauss fibrinogen assay requires whole blood to be
processed to plasma, and this capability may be limited to central laboratory
settings rather than available at the point of care.

Viscoelastic Testing

Traditional VETs, which include thromboelastography (TEG) and rotational
thromboelastometry (ROTEM), provide real-time assessment of clot forma-
tion, clot firmness, and fibrinolysis.226393 These point-of-care tests are par-
ticularly valuable in emergency settings, such as trauma and cardiac surgery.

The basic parameters studied in TEG include the following*®3":

* R time: This measures the time until initial fibrin formation and depends
on the presence of clotting factors. The rapid TEG uses kaolinand tissue
factor.

* K (seconds): This indicates the time required to achieve a specific level
of clot strength.

* Alpha angle: This parameter assesses the rate of fibrin buildup and
crosslinking, which are influenced by fibrinogen levels.

» Maximum amplitude: This represents the overall clot strength, which is
affected by both platelets and fibrinogen.

* LY30 (%): This percentage measures fibrinolysis by tracking clot
breakdown over a 30-minute period.

ROTEM uses different nomenclature but assesses similar parameters®:

* Clotting time: This uses tissue factor as the activator and is similar to the
R value in rapid TEG.

* Alpha angle and clot formation time: These correspond to the K value
and alpha angle in TEG.

* Maximum clot firmness (MCF): This is equivalent to the maximum
amplitude measured in TEG.

* Clot lysis (LY30): This is the same as the LY30 value used in TEG.

VETSs can provide rapid, real-time insights into hemostasis, especially
when used in a multiplexed approach to rapidly identify key hemostatic
abnormalities. However, VETSs also require specialized training, interpretation,
and upkeep, which can limit their widespread use.”!

Thrombin Clotting Time and Reptilase Time

TT measures the time necessary for a fibrin clot to form after thrombin is
added to plasma; it can be performed as the initial screening test for func-
tional fibrinogen.?® Although TT is useful in identifying fibrinogen abnormali-
ties, it has low specificity because various factors can cause TT prolongation.
To help differentiate between heparin contamination and anticoagulation
caused by fibrinogen deficiency or loss of function, a test called reptilase
time may be performed alongside TT. This alternative test uses an enzyme
isolated from snake venom and is not affected by heparin.

Fibrinogen Antigen Testing

Fibrinogen antigen assays, commonly performed using enzyme-linked
immunosorbent assay (ELISA) or immunoturbidimetric techniques, measure
the total amount of antigenic fibrinogen protein in plasma.2® ELISA assays,
in particular, provide the best accuracy and sensitivity for samples with low
concentrations and can help differentiate between qualitative and quanti-
tative congenital fibrinogen deficiencies.2?” However, these assays can be
time-consuming and are not ideal for routine testing. Additionally, fibrinogen

antigen tests do not assess fibrinogen functionality, necessitating further
functional tests for comprehensive evaluation.

Prothrombin Time-Fibrinogen Assay

Prothrombin time-fibrinogen (PT-Fg) assays offer an indirect estimate of
fibrinogen levels in a platelet-poor plasma sample by comparing the PT of
the sample to that from a series of plasma dilutions with known fibrinogen
concentrations.>% User technique and reagent variability can greatly affect
results.

Genotyping

To date, more than 300 causative variants for congenital fibrinogen defi-
ciencies have been identified and recorded in databases, such as the Human
Fibrinogen Database."2%32 When a congenital fibrinogen deficiency is sus-
pected, genotyping should be considered, if available, as part of the testing
process. This can help confirm the diagnosis, differentiate between subtypes,
facilitate screening of family members, and enable prenatal evaluation.2

Table 3 summarizes common laboratory tests that may be conducted as
part of a stepwise approach to the diagnosis of fibrinogen deficiencies and
outlines their expected laboratory values.

Clinical Utility of Diagnostic Tests

The Clauss test is the most used assay for assessing functional fibrino-
gen levels in patients with coagulopathy due to massive hemorrhage. How-
ever, newer guidelines are starting to recommend the use of newer, more
reliable VETs when available.?33 Despite these developments, there is still
no universal consensus on which test should be used in specific clinical situ-
ations, and recommendations vary by society. Recent guidelines are outlined
in Table 4.5%

Challenges in Diagnostic Testing

Despite advancements in laboratory testing, several gaps remain in the
diagnostic approach to fibrinogen disorders.
* Interference from anticoagulants: Many fibrinogen assays, particularly
the Clauss assay, can be affected by anticoagulants such as UFH and
DTIs. This interference may lead to misdiagnoses.2

Table 3. Typical Laboratory Testing Outcomes in
Congenital and Acquired Fibrinogen Deficiencies

Fibrinogen activity  Low or undetectable Low to normal
(Clauss method)
Antigenic Low in quantitative Decreased
fibrinogen levels cases, normal in
dysfibrinogenemia
Genetic testing Confirms mutations in Not applicable
FGA, FGB, FGG
D-dimer and FDP Normal or mildly Markedly elevated
levels elevated (DIC, sepsis)
Liver function tests  Normal Often abnormal
(hepatic disease)

Viscoelastic testing
(TEG/ROTEM)

Impaired clot formation  Reduced clot strength in

trauma, DIC

DIC, disseminated intravascular coagulation; FDP, fibrin degradation product;
ROTEM, rotational thromboelastography; TEG, thromboelastography.
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* Limited standardization of VET: Although VET provides real-time
information about clot dynamics, its results can vary significantly
depending on reagent selection and device calibration. This variability
limits its reliability in diagnosing fibrinogen disorders.’!

¢ Overestimation by PT-Fg assay: The PT-Fg assay can overestimate
fibrinogen levels in patients with dysfibrinogenemia or those
undergoing anticoagulant therapy, which may lead to misclassification
of fibrinogen deficiencies.26

* Need for combined testing: No single test comprehensively depicts
fibrinogen function. A combination of Clauss assay, antigen testing, and
viscoelastic methods may be necessary.»%62

* Limited accessibility of genetic testing: Genetic analysis is not widely
available in all health care settings.»%%

In the future, improvements in diagnostic strategies should focus on
enhancing test standardization, increasing accessibility to genetic testing,
and developing integrated diagnostic algorithms to achieve better patient
outcomes.

Traditional Management Approaches

Fibrinogen is often the first clotting factor to reach critically low levels
during hemorrhagic events, making targeted fibrinogen replacement impor-
tant.”® Fibrinogen replacement therapy can be administered intravenously
using cryoprecipitate or applied topically with liquid adhesives. Although

Table 4. Recent Guideline Recommendations for
Functional Fibrinogen Measurement in Patients With
Massive Hemorrhage-Associated Coagulopathy33-%

European Guideline on Bleeding Nonguided initial
Management of Major Bleeding coagulopathy dosage

and Coagulopathy Following following trauma

Trauma 2023%

« VETs preferred
* Clauss assay

* Perioperative
bleeding

Management of Severe
Perioperative Bleeding: Guidelines

From the European Society of « Cardiac surgery if VET not
Anesthesiology and Intensive Care available
2023%
Patient Blood Management Major VETs or Clauss
Guideline for Adults with Critical hemorrhage assay
Bleeding 2023% that is likely to

result in massive

transfusion
Society of Cardiovascular Perioperative * VETs preferred
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FFP is used clinically, it is not an appropriate source of fibrinogen.**® Man-
agement strategies for fibrinogen replacement have evolved significantly over
time, transitioning from traditional plasma-derived therapies to more targeted
solutions.

Cryoprecipitate and FFP

Historically, cryoprecipitate and FFP have been the primary options
for fibrinogen replacement in cases of trauma and massive transfusion.”
Although both therapies provide essential coagulation factors, plasma-based
therapies have notable limitations.>*1

* Inconsistent fibrinogen content: Variable potency makes precise dosing

challenging.

* Risk for viral transmission: Despite modern screening, some risk remains.

* High-volume requirements: Large infusion volumes can lead to fluid

overload, especially in patients with cardiac or renal conditions.

* Delayed administration: Both products require thawing before use, which

can cause delays during massive transfusion.

» ABO compatibility: Matching blood types is necessary for safe transfusion.

Although FFP is commonly used to replenish coagulation factors, it is not
ideal for fibrinogen repletion due to its low concentration (1-3 mg/mL).3*
Large volumes, upward of 2 L are required, increasing the risk for fluid over-
load. In contrast, cryoprecipitate, which is derived from thawed FFP, is a more
concentrated source of fibrinogen, along with Factor VIII, von Willebrand fac-
tor, Factor XIII, and fibronectin.

Cryoprecipitate is produced by thawing FFP, centrifuging to isolate the insol-
uble proteins, and then resuspending and refreezing the precipitate. Each unit
of cryoprecipitate, which typically ranges from 10 to 20 mL, contains approx-
imately 200 to 250 mg of fibrinogen.' Before transfusion, cryoprecipitate
should be typed for blood compatibility. Compared with FFP, cryoprecipitate
provides a more concentrated source of fibrinogen but still requires a larger
volume than FCs and carries a risk for pathogen transmission.* Its use in trauma
care is inconsistent. In the PROMMTT observational study of 10 US level |
trauma centers, administration of cryoprecipitate to severely injured patients
was highly variable and often delayed or omitted altogether. Importantly, no
association was found between cryoprecipitate use and in-hospital mortality.*

Fibrinogen Concentrates

FCs have emerged as a superior alternative to cryoprecipitate and FFP,
due in part to the fact that they can be standardized and have undergone
virus inactivation.>#? The key FCs are described below.

RiaSTAP

RiaSTAP (fibrinogen concentrate [human]) is a lyophilized FC derived
from human plasma, formulated to treat congenital fibrinogen deficiencies
such as afibrinogenemia and hypofibrinogenemia. It facilitates clot forma-
tion by rapidly increasing plasma fibrinogen levels.®

This product received orphan drug designation from the FDA in 2008,
underscoring its importance for a small but significant population.®*' In
2009, RiaSTAP became the first FDA-approved treatment for congenital
fibrinogen deficiency.* Approval was based on a prospective, open-label
phase 2 study that assessed pharmacokinetics and safety, with ROTEM MCF
serving as a key indicator of hemostatic efficacy.®*2 The study showed a
significant improvement in MCF (mean change: 8.9 mm; P<0.0001) within
1 hour after infusion, with peak plasma fibrinogen levels achieved within
30 to 60 minutes, and more than 90% of patients meeting hemostatic end
points.*2

Further clinical trials confirmed the effectiveness of RiaSTAP in vari-
ous surgical and trauma settings, including aortic surgery, demonstrat-
ing that FC significantly reduced the need for allogeneic blood transfusions
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compared with FFP*3-45 A phase 3 trial is underway to investigate its use
for acquired fibrinogen deficiencies.*

A comprehensive 2024 postmarketing safety analysis spanning 35 years
and involving 337 patients confirmed a low rate of adverse reactions (806
reported adverse drug reactions with approximately 9243 g adminis-
tered).” Thromboembolic events and severe allergic reactions remain the
most serious risks.®*” RiaSTAP is generally well tolerated, with common
adverse effects such as rash, fever, headache, and rare cases of thrombo-
sis such as deep vein thrombosis, myocardial infarction, and pulmonary
embolism.®¥ It is contraindicated in individuals with severe hypersensitiv-
ity to any of its components and is not indicated for dysfibrinogenemia.t
Due to the risk for thrombosis, physicians should carefully evaluate the
benefits of administering RiaSTAP to patients with a predisposition to clot-
ting disorders.

RiaSTAP remains stable for up to 60 months when refrigerated,® offer-
ing an extended shelf life for certain clinical settings.

Fibryga

Fibryga (fibrinogen [human]) is a lyophilized FC derived from human
plasma and is currently the only FC approved for both congenital and
acquired fibrinogen deficiencies.”*® It was first approved by the FDA in
2017 for treating acute bleeding episodes in adults and adolescents with
congenital fibrinogen deficiency. In 2020, this approval was expanded to
include pediatric patients younger than 12 years of age.”*® The landmark
2024 FDA approval for acquired fibrinogen deficiencies further solidifies
the role of fibryga as the sole FDA-approved replacement therapy for this
condition, making it essential for treating severe bleeding conditions in
various clinical settings.”*8

Approval was based on the FORMA-02 and FORMA-04 phase 3 clini-
cal trials.”*® These multinational, prospective, open-label studies were
designed to evaluate efficacy and safety in the prevention of periopera-
tive bleeding in patients with congenital fibrinogen deficiency. The trials
demonstrated that fibryga successfully achieved target fibrinogen levels,
resulting in a 100% success rate in managing hemostasis across 15 surger-
ies (13 minor and 2 major surgeries). Among the minor surgeries were den-
tal procedures, such as tooth extractions, root canals, and pulpectomies,
as well as soft tissue procedures (eg, skin biopsies and debridement for
superficial necrosis), and joint-related interventions, including radioisotope
synovectomy. Circumcision and circumcision revisions were also included.
The 2 major surgeries included a right eye enucleation with socket recon-
struction in an adult and a splenectomy in a child after a spontaneous
spleen rupture. After administering preoperative loading doses, plasma
fibrinogen levels increased rapidly. For minor surgeries, the average dose
required was 74.3 mg/kg in adults, 74.87 mg/kg in adolescents aged
12 years and older, and 91.5 mg/kg in children aged less than 12 years.>
Multiple infusions were required for patients undergoing both major sur-
geries (8 for the right eye enucleation and 6 for the pediatric splenec-
tomy), with doses reaching 450.4 mg/kg in children. However, blood loss
was lower than anticipated, and no transfusions were needed.* The safety
profile was favorable, with no thromboembolic events reported in adults
and one case of portal vein thrombosis in a child, which occurred after the
splenectomy and is a recognized procedural risk.

The efficacy and safety in acquired fibrinogen deficiencies were demon-
strated in the multicenter phase 3 FIBRES study.”®° This trial confirmed that
fibryga was noninferior to standard-of-care (SOC) fibrinogen replacement
in reducing intraoperative blood loss while maintaining safety.

Fibryga is generally well tolerated but is contraindicated in patients
with severe hypersensitivity to any of its components.”*%*° Reported
adverse effects include allergic reactions such as hives, urticaria, wheezing,

hypotension, chest tightness, and anaphylaxis, as well as thromboem-
bolic events like deep vein thrombosis, myocardial infarction, and pulmo-
nary embolism. As with RiaSTAP, physicians should carefully evaluate the
benefits of fibryga for patients who are predisposed to clotting disorders,
due to the risk for thrombosis. Additionally, this therapy is not indicated for
dysfibrinogenemia, a condition characterized by dysfunctional fibrinogen.

Unlike cryoprecipitate or FFP, fibryga can be rapidly reconstituted, pro-
vides precisely controlled fibrinogen concentration, can be delivered at the
bedside to a patient experiencing bleeding, does not require crossmatch-
ing, and has a reduced risk for pathogen transmission due to its advanced
purification and virus inactivation processes.>#”4%%0 Furthermore, the
room-temperature stability of fibryga enhances its practicality for use in
trauma, cardiac surgery, and perioperative settings, where precise fibrino-
gen replenishment and immediate availability are crucial.

Products in Development
BT524

BT524 is an FC developed for the treatment of acquired fibrinogen defi-
ciencies.® It is a purified, plasma-derived product that restores fibrinogen
levels in patients experiencing significant blood loss.® The phase 3 AdFlrst
study demonstrated that BT524 was noninferior to SOC cryoprecipitate or
FFP in reducing intraoperative blood loss, with a faster time to administra-
tion, shorter administration duration, and a mean reduction in blood loss of
279 mL.8 The safety profile was favorable, with significantly fewer throm-
boembolic events reported in the BT524 arm vs the SOC arm. Additional
data on BT524 were presented in June 2025 at the Research and Practice in
Thrombosis and Haemostasis conference.

* In a phase 3 study in adults undergoing abdominal surgery, use

of BT524 was associated with reduced intraoperative blood loss,
increased fibrinogen correction, a favorable safety profile, and fewer
thromboembolic events.>2

¢ A phase 3 study in adults undergoing spinal surgery showed reduced

intraoperative blood loss, increased fibrinogen correction, and fewer
serious adverse effects with the use of BT524.%

Regulatory approval is being pursued for BT524 in both Europe and the
United States. If approved, BT524 will become the second FC specifically
indicated for acquired fibrinogen deficiencies in the United States. Like
other FCs, BT524 carries a potential risk for thromboembolic events, neces-
sitating careful patient selection.

CSL51T

CSL511is an FC currently being investigated in a phase 3 clinical trial
involving 90 patients with pseudomyxoma peritonei (PMP) who are under-
going cytoreductive surgery and are expected to experience significant
intraoperative blood loss (=2 L).>* (PMP is a rare cancer characterized by
the progressive accumulation of mucinous tumors throughout the abdom-
inal cavity, requiring extensive surgeries that carry a high risk for major
bleeding and the need for large-volume blood transfusions.®) This pro-
spective, open-label, randomized study compares the effectiveness of
CSL511 vs SOC cryoprecipitate.>

Conclusion

Early identification of low fibrinogen levels and targeted replacement
are crucial for achieving hemostasis. Traditional options, such as FFP and
cryoprecipitate, although historically effective, have limitations in consis-
tency, safety, speed, and ease of administration. Recent advances in fibrin-
ogen replacement therapy have significantly improved the management of
both congenital and acquired fibrinogen deficiencies. FCs enhance treat-
ment by providing rapid, targeted, and pathogen-inactivated solutions.
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CASE 1: CONGENITAL HYPOFIBRINOGENEMIA

A 16-year-old girl with congenital hypofibrinogenemia (diagnosed by
prior bleeding and low Clauss assay, most recently 70 mg/dL) and mild
chronic kidney disease (CKD) from a congenital solitary kidney, is scheduled
for laparoscopic appendectomy. The standard protocol calls for cryoprecipi-
tate, but none is available on short notice. The nephrology team is concerned
about the risk for fluid overload. To address this, the hematology team
administers RiaSTAP FC 70 mg/kg, which provides a precise, standardized
dose in a minimal volume. After the infusion, Clauss and FIBTEM assays con-
firm that hemostatic targets have been met. The surgery proceeds unevent-
fully, and the patient’s renal function remains stable.

Key Points

* In rare bleeding disorders accompanied by comorbid CKD, FCs help
prevent fluid overload and allow for predictable dosing.

* FCs eliminate the risk for infectious and immunologic complications
associated with blood-derived products.

¢ FCs are useful when blood product shortages or logistical barriers
are a factor.

CASE 2: SEVERE POSTPARTUM HEMORRHAGE

A 27-year-old previously healthy woman undergoes spontaneous vaginal
delivery at term. Shortly after delivery, she develops significant postpartum
hemorrhage due to uterine atony. Her initial labs show a Clauss fibrinogen
level of 1g/L and ROTEM FIBTEM A5 of 6 mm. She is tachycardic and border-
line hypotensive. The blood bank is contacted for cryoprecipitate, but a delay
of at least 30 minutes is expected, and the estimated volume required would
be high.

To enable rapid correction and limit fluid overload, the obstetrics team
decides to use fibryga, which is reconstituted and infused in 100 mL, admin-
istered in conjunction with established treatments for uterine atony. Within
30 minutes, ROTEM FIBTEM rises to 13 mm, bleeding subsides, and the patient’s
hemodynamics stabilize without risk for fluid overload.

Key Points

* In healthy adults, acquired hypofibrinogenemia during postpartum
hemorrhage is a common and urgent indication for fibrinogen
replacement.

Rapid recognition and correction, guided by VET (ROTEM/TEG)
and the Clauss assay, enable targeted, effective interventions.

FCs deliver predictable, quick correction, minimizing excessive fluid
administration, even in patients without major comorbidities.
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