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Abstract: Cryoprecipitate is prepared by controlled thawing of frozen plasma and is a rich source
of fibrinogen, FVIIL, von Willebrand factor, Factor XIII, and fibronectin. It is mainly transfused in
Western countries as a concentrated source of fibrinogen replacement for acquired hypofibrino-
genemia. During major bleeding, fibrinogen is the first clotting protein to be depleted to critically
low levels. Increasing recognition of the importance of maintaining fibrinogen levels in bleeding
has led to significant interest in appropriate fibrinogen supplementation. This review presents
an overview of the indications, use and evidence for cryoprecipitate transfusion in hemorrhage,
how it may promote hemostasis, and recent developments in extended thaw cryoprecipitate.
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Introduction

Cryoprecipitate was first discovered as a source of factor VIII and von Willebrand factor
(VWF) and used to treat congenital hemophilias.!? In current practice, it is mainly used
as a concentrated source of fibrinogen for treatment of acquired hypofibrinogenemia.
For many years, it has been recognized that fibrinogen is one of the key coagulation
proteins important for hemostasis. More recently, in the context of major hemorrhage,
studies on trauma and obstetric bleeding have shown that acquired hypofibrinogenemia
is an adverse parameter associated with inferior outcomes and coagulopathy. This has
provoked much interest in optimal timing and dosing of fibrinogen replacement in
active hemorrhage. However, is cryoprecipitate outmoded? In this review, we present
an overview of cryoprecipitate therapy and focus on the recent developments in use
of cryoprecipitate and discuss the alternative sources of fibrinogen supplementation
in acquired hypofibrinogenemia.

Cryoprecipitate: history and content

In the 1960s, Pool et al' discovered that when frozen plasma was allowed to thaw
slowly, it precipitated and became a rich source of FVIII, VWF, XIII, and fibrinogen.?
The principal steps in the preparation of cryoprecipitate remain the same today; fro-
zen plasma undergoes controlled thawing at 1°C—6°C to precipitate high molecular
weight proteins.*® These proteins are then separated by centrifugation and resuspended
in a small volume of plasma and stored at —18°C or even lower temperatures. In the
UK, cryoprecipitate is available as a single-donor pack or as pools of 5 U (five donor
exposure).®
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Content of cryoprecipitate

Cryoprecipitate is a plasma-derived blood product containing
arich source of fibrinogen and high concentrations of FVIII,
VWE, and FXIII (Table 1).°° It also contains fibronectin,
platelet microparticles, and a small amount of immuno-
globulins.” Due to differences in the manufacturing process
and variability between blood donors, the concentration of
fibrinogen varies in cryoprecipitate (~3-30 g/L).> Some
blood transfusion services stipulate a minimum fibrinogen
concentration per pack of cryoprecipitate, eg, from UK
Blood Transfusion Service, 75% of packs should contain
>140 mg of fibrinogen.!® According to the UK guidelines,
cryoprecipitate must be used within 4 hours of thawing, if
stored at room temperature.’

Why is fibrinogen important?

Role of fibrinogen in clot formation
Fibrinogen plays a critical role in hemostasis. It is produced
by the liver and is the most abundant coagulation factor in
blood plasma. Fibrinogen is a dimeric protein comprising
three pairs of polypeptide chains: Aa, BB, and v.° Following
tissue injury, thrombin cleaves the fibrinopeptide chains to
create fibrin monomers, which join together to form insoluble
fibrin polymers.!! Concurrently, thrombin activates factor
XIII, which binds to and cross-links fibrin strands. This
stabilizes the clot and increases resistance of the clot to deg-
radation by cross-linking fibrinolytic inhibitors, specifically
o2-antiplasmin, into the forming fibrin network. Fibrinogen
also binds via glycoprotein I1b/Il1a receptors on the platelet
membrane to promote platelet aggregation, thereby localizing
platelets to a developing clot.

Table | Main content of cryoprecipitate

UK specification (NHSBT)

Fibrinogen Specification minimum 140 mg/U.
(Standard adult dose is 10 U usually given
as 2x5 pools)®

VIII:C Mean concentration 101 1U/U

(specification minimum 70 1U/U)¢
Other content: minimum not specified

Fibronectin 1,500 mg/mL (normal plasma level
300 mg/mL)

FXIlI ~20%-30% original FXIII of plasma’
2-3-fold higher than FFP®

VWEF ~80-100 IU/V”

(40%—70% original VWF in original plasma)

Platelet microparticles 256 times greater than source plasma’

Abbreviations: FFP, fresh frozen plasma; NHSBT, National Health Service Blood
and Transplant; VWF, von Willebrand factor.

Acquired hypofibrinogenemia

Fibrinogen levels are particularly susceptible to blood loss
and hemodilution, and fibrinogen is the earliest clotting
protein to be depleted to critically low levels in major hem-
orrhage."? Dilution of coagulation factors due to unbalanced
resuscitation therapy, consumption, or impaired function of
coagulation factors can also contribute to the development
of an acquired coagulopathy in major hemorrhage. However,
there is evidence that fibrinogen levels fall early even before
infusion with intravenous fluids or blood products, eg, in
trauma coagulopathy.”* A consumptive hypofibrinogenemia
may also occur, particularly in the setting of excessive fibrin
clot breakdown (hyperfibrinolysis), and the coagulopathy can
be compounded by impaired fibrinogen function caused by
acidosis, hypothermia, and colloids.'* Observational data
show that hypofibrinogenemia and hyperfibrinolysis are
associated with adverse outcomes in traumatic hemorrhage'
and there is increasing recognition of the critical role of
fibrinogen in postpartum hemorrhage''*!¢ and bleeding in

cardiac surgery.'”"

Use of cryoprecipitate

Cryoprecipitate is used for two clearly defined clinical
indications: hemophilia treatment and supplementa-
tion of fibrinogen (both inherited and acquired disease;
Table 2).>1%2° But the way cryoprecipitate is used varies
worldwide (Table 3).2!-2* This variation tends to depend on
the availability of fibrinogen concentrate as an alternative
treatment and whether it is licensed for use in congenital or
acquired fibrinogen disorders. Cryoprecipitate is produced
in the UK, USA, Canada, Australia, and New Zealand,

Table 2 Sources of fibrinogen replacement

Product Approximate Fibrinogen Fibrinogen
volume (mL) concentration administered
(g/L) in one adult
dose (g)
4 U FFP 1,000 2 2?
Two pools of 5U 400 15 3-3.5°
cryoprecipitate
(= typical adult
dose in UK)
4 g fibrinogen 200 20 4
concentrate (reconstituted

volume)

Note: *Doses of fibrinogen will vary between FFP and cryoprecipitate donations
due to differences in donor levels.
Abbreviation: FFP, fresh frozen plasma.
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Table 3 Current indications for cryoprecipitate from NHSBT
and British Society for Standards in Haematology Guidelines

DIC with bleeding and a fibrinogen level <I g/L

Acute promyelocytic leukemia — aim fibrinogen 2 g/L

Advanced liver disease to correct bleeding or as prophylaxis before
surgery when the fibrinogen level is <I g/L

Bleeding associated with thrombolytic therapy causing
hypofibrinogenemia

Hypofibrinogenemia secondary to massive transfusion (keep fibrinogen
>1.5 g/L)

Renal failure or liver failure associated with abnormal bleeding when
desmopressin is contraindicated or ineffective

Inherited hypofibrinogenemia where fibrinogen concentrate is not
available

Hypofibrinogenemia in major hemorrhage (pragmatic recommendation—
aim for level >1.5 g/L)

Abbreviations: NHSBT, National Health Service Blood and Transplant; DIC,
disseminated intravascular coagulation.

where it is used for acquired hypofibrinogenemia. But
there are few published data outlining the specific uses of
cryoprecipitate in low- and middle-income countries. Out-
side the UK, much of Europe has phased out production
of cryoprecipitate, instead favoring fibrinogen concentrate
for both congenital and acquired fibrinogen deficiencies.
However, fibrinogen concentrate is not universally licensed
for acquired hypofibrinogenemia. For example, in countries
such as Brazil, Austria, Germany, and the Netherlands, it
is licensed for both congenital and acquired fibrinogen
deficiency but in the USA, Australia, UK, and Canada it is
only licensed for congenital deficiencies.*

Inherited bleeding disorders

After its discovery, cryoprecipitate was first used as a source
of FVIII for the treatment of hemophilia. It revolutionized
hemophilia treatment and increased life expectancy.*’ It was
also found to be of benefit for patients with von Willebrand
disease and hypofibrinogenemia.” Since the development of
recombinant FVIII with its enhanced safety profile, cryopre-
cipitate is no longer first-line treatment for hemophilia, and
von Willebrand disease, in developed countries, although
may still be used in some countries where recombinant
products are not readily available.?® International guidelines
also recommend that fibrinogen concentrate is used first-line
for congenital fibrinogen disorders, and cryoprecipitate only
if concentrate is not available.?6?’

Acquired hypofibrinogenemia

In many countries, cryoprecipitate is administered primarily
as a treatment for low fibrinogen levels. Alternative sources
of fibrinogen include fibrinogen concentrate and fresh frozen

plasma (FFP); cryoprecipitate and fibrinogen concentrate are
the only concentrated sources of fibrinogen (Table 2). Given
the important emerging roles of fibrinogen and hypofibri-
nogenemia in obstetric and trauma hemorrhage, there has
been much research activity to investigate the threshold and
timing of fibrinogen supplementation on patient outcomes.?

Indeed, in countries where cryoprecipitate is used, there
is considerable variation in practice, despite guidance from
national bodies. Three reports of real-world cryoprecipi-
tate usage from Canada, the UK, and Australia highlight
practice variations. In Canada, only 24% of cryoprecipitate
transfusions were considered to be transfused appropriately
(defined as pretransfusion fibrinogen level <1 g/L in 19%
and posttransfusion fibrinogen level <1 g/L in another
5%), 34% were deemed inappropriate, and in 42% appro-
priateness could not be determined.” In a UK survey, 322
cryoprecipitate requests were assessed.*° The most common
indication was cardiac surgery (32%) with the majority
for active hemorrhage. Trauma and hematology/oncology
accounted for 26% of requests. A pretreatment fibrinogen
assay was measured in 74% episodes in adults.’® However,
a quarter of cryoprecipitate transfusions were given with
no reported indication of hemorrhage, and overall there
was variation in the dose of cryoprecipitate transfused. An
Australian study showed similar results.’! Although the
variation in practice and dose may be related to clinical case
mix and clinician preference, it also suggests inconsistent
practice and uncertainty in the evidence informing optimal
use of cryoprecipitate.

In trauma-related major hemorrhage, early empiric
transfusion of FFP and red cells is now standard. Data are
emerging around the importance of fibrinogen supplementa-
tion in this setting. In the UK, a national study prospectively
evaluated transfusion practice in trauma hemorrhage, includ-
ing fibrinogen supplementation at 22 trauma centers (major
trauma centers and trauma units) between 2009 and 2011.3
The median time to cryoprecipitate transfusion was 156 min-
utes at a major trauma center (184 minutes in a trauma unit),
by which time 50% of patients had died. Although the reasons
for delays in cryoprecipitate transfusion were not collected
as part of this study, this is an important area where further
work is needed to better understand the barriers to timely
transfusion support.

Safety

Cryoprecipitate has been in clinical use for >50 years.
Overall, there have been very few reports in the literature of
adverse events related to cryoprecipitate.® It is not entirely
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clear whether this reflects lack of data collection, reporting
bias or in fact a low risk from its use. One of the main safety
concerns is the risk of viral transmission with cryoprecipitate,
as it does not undergo pasteurization or viral inactivation
steps. Efforts to pathogen reduce cryoprecipitate by treatment
of plasma with riboflavin and ultraviolet light, amotosalen
and UV light, and solvent detergent filtration have met with
limited success as these methods generally lead to a 30%
drop in fibrinogen.?

The UK hemovigilance scheme, Serious Hazards of
Transfusion (SHOT), began to collect and analyze data on
adverse events and reactions in blood transfusion in 1996.
Between October 1996 and December 2014, no cryopre-
cipitate-related cases of viral transmission were reported.*
Over this same time period, there were five cases of viral
transmission with FFP (three Hepatitis E virus [HEV], human
immunodeficiency virus [HIV], hepatitis B virus [HBV]).*
The 2014 SHOT report recommended avoidance of the use
of female donor plasma in the production of cryoprecipitate
as there was one case of cryoprecipitate implicated Transfu-
sion Related Acute Lung Injury. However, overall in the 2014
SHOT report, there was a low incidence of acute transfusion
reactions attributable to cryoprecipitate (across all blood
components 1/43 acute transfusion reactions were due to
cryoprecipitate); where cryoprecipitate was issued >43,150
times from the UK Blood Services in that year.

Thrombotic complications
High fibrinogen levels are a known risk factor for thrombosis,
in particular arterial thrombosis. Therefore, an important
adverse outcome to consider when administering cryopre-
cipitate or fibrinogen concentrate is the risk of thrombotic
events. It is well documented that patients in receipt of large
volume transfusion therapy, including cryoprecipitate or other
prohemostatic agents (prothrombin complex concentrate
and fibrinogen concentrate), for major hemorrhage are at
increased risk of thrombosis.** What is not clear is whether
there is a direct causal relationship, or indeed how strong
the effect might be, between fibrinogen supplementation and
thrombotic events in these situations. Data from the CRYO-
STAT randomized controlled trial (RCT), which evaluated
early cryoprecipitate in trauma hemorrhage, showed no dif-
ferences in fibrinogen levels at 24 hours and up to 28 days
after major hemorrhage therapy, and thrombotic events were
only seen in the standard hemorrhage arm, not the early
cryoprecipitate arm.*

In postsurveillance monitoring, there have been few
reported cases of thrombosis with fibrinogen concentrate.

A report into the safety of fibrinogen concentrate, which
focused on the treatment of inherited fibrinogen disorders,
from 27 years of pharmacovigilance data found 28 reports
of possibly related thrombotic events, representing an
incidence rate of one event per 23,300 doses (each dose
4 2).773¢ Although pharmacovigilance can be limited by
underreporting of adverse events, additional safety data are
available from several RCTs that used fibrinogen concentrate
in surgery.

In a recent multicenter RCT of 500 patients comparing
fibrinogen concentrate versus placebo for cardiac surgery
(REPLACE trial), no new safety concerns emerged and there
was no increase in thromboembolic events for fibrinogen
concentrate compared with placebo.’” These results and oth-
ers from previous RCTs of fibrinogen concentrate in surgery
summarized by Levy et al*® do not highlight any thrombotic
or safety concerns with fibrinogen concentrate. Further
safety and adverse event data should become available for
cryoprecipitate and fibrinogen concentrate with increased
clinical experience and trials of fibrinogen replacement in
active hemorrhage.

The role of cryoprecipitate in

resource-restricted countries

The imbalance between supply and demand of blood prod-
ucts is a global health concern. Data from the World Health
Organization show that ~108 million blood donations are
collected every year.** However, nearly half of these blood
donations are collected in high-income countries, home
to <20% of the world’s population. In resource-limited
countries, the use of virally inactivated factor concentrates
may be prohibitive due to cost or availability, and cryopre-
cipitate is often the only source of clotting factor available.
The World Federation of Hemophilia strongly recommends
the use of viral-inactivated plasma-derived or recombinant
concentrates in preference to cryoprecipitate or FFP for the
treatment of hemophilia and other inherited bleeding disor-
ders.** However, where clotting factor concentrates are not
available, cryoprecipitate use is justified.** Furthermore, for
FXIII deficiency when FXIII concentrate is not available,
cryoprecipitate should be considered in preference to FFP
due to a higher FXIII content.®?’

The development of blood programs strengthening both
blood availability and safety is a real need worldwide.*! In
countries where cryoprecipitate is the only available option,
improving safety becomes paramount, and treatments using
solvent/detergent,*** which do not reduce hemostatic
potency, are options that must be considered.
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Evidence for cryoprecipitate use
Despite its widespread use as a supplement for acquired
hypofibrinogenemia in North America and the UK, there
are few prospective studies that evaluate the optimal use
or effects of cryoprecipitate. The optimal timing and dose
of fibrinogen replacement in major bleeding are uncertain.
Only one randomized trial, CRYOSTAT, has evaluated early
cryoprecipitate in trauma.

Trauma

It is recognized that fibrinogen is one of the first coagula-
tion factors to be depleted in trauma coagulopathy and early
replacement may assist in hemorrhage control. In trauma,
FVIII and VWF levels increase, whereas FXIII and fibronectin
levels decrease.* Despite this, specific fibrinogen replacement
appears late in current major hemorrhage transfusion therapy
as seen in observational and prospective studies, eg, PROPPR
and PROMMT studies.’>*4” A potential reason for the late
administration of cryoprecipitate is the time taken for prepa-
ration and thawing (in some centers there is additional time
required for pooling of the individual cryoprecipitate units).

A feasibility study from the UK aimed to address whether
it was possible to administer two pools of cryoprecipitate
within 90 minutes of hospital admission in addition to
standard major hemorrhage transfusion in civilian trauma
hemorrhage (CRYOSTAT trial).** Cryoprecipitate was
chosen, as it is the standard source of fibrinogen in the UK.
This study showed that it was feasible to administer cryopre-
cipitate within 90 minutes (median time =60 minutes) and
early cryoprecipitate maintained fibrinogen levels >1.8 g/L.
There was no significant difference in secondary outcomes:
thrombotic events, organ failure, length of hospital stay, or
mortality although the study was not powered for these out-
comes. Blood transfusion requirements in each group were
not significantly different.*

Fibrinogen replacement in traumatic hemorrhage is an
active area of research. Results from forthcoming pilot tri-
als on fibrinogen concentrate in trauma will add to evidence
but are not powered to detect differences in mortality. Col-
lectively, these trials will recruit ~300 patients.

Cardiac surgery and perioperative use
Cardiac surgery accounts for a significant proportion of cryo-
precipitate use. Current guidelines recommend near patient
viscoelastic monitoring during cardiopulmonary bypass to
guide fibrinogen replacement.”® However, there have been
very few studies on the efficacy of cryoprecipitate in the
perioperative setting.

A head-to-head study of cryoprecipitate versus fibrinogen
concentrate in perioperative bleeding in pediatric cardiac
surgery was published in 2014.* In this study of 63 patients,
30 were randomized to receive fibrinogen concentrate and
33 to cryoprecipitate if there was diffuse bleeding present
requiring hemostatic therapy and the fibrinogen level was
<1 g/L. The outcomes of interest were bleeding and trans-
fusion requirements. The results showed that there was no
difference in transfusion requirements at 48 hours or in the
frequency of adverse effects between the two groups and the
authors recommended a larger trial.*

In the adult setting, a randomized trial is ongoing,
comparing fibrinogen concentrate with cryoprecipitate in
patients undergoing cardiopulmonary bypass (TOP-CLOT
NCT02540434). Participants will be given cryoprecipitate or
fibrinogen concentrate if the ROTEM FIBTEM A 10 value is
<10 mm and microvascular bleeding is present. The primary
outcome is number of operative transfusions.

Obstetrics

There has been no randomized study on cryoprecipitate
transfusion in obstetric hemorrhage; trials have evaluated
fibrinogen concentrate. A study of patients with postpartum
hemorrhage evaluated early fibrinogen concentrate. In this
study, 249 patients with active postpartum hemorrhage
(PPH) were randomized to either receive 2 g of fibrinogen
concentrate or placebo (saline).>® There was no difference
in the rate of allogeneic transfusion or mortality between
groups. However, patients in the group who received fibrino-
gen concentrate had fibrinogen levels of >4 g at inclusion
into the study, and therefore, it is possible that patients with
hypofibrinogenemia and bleeding, ie, those at the highest risk
of major bleeding, did not receive the therapy, so any benefit
could not be observed.*

We await the results of a recently completed multicenter
randomized trial on early administration of fibrinogen con-
centrate in obstetric hemorrhage.’! In this trial, the main
rationale for choosing fibrinogen concentrate as a source of
fibrinogen replacement over cryoprecipitate was the inher-
ent delays associated with giving cryoprecipitate (ie, time
for thawing and transportation).’! Previous work by the same
group demonstrated the ability of fibrinogen concentrate to
correct fibrinogen rapidly during obstetric hemorrhage.*

Cryoprecipitate compared with

fibrinogen concentrate
Fibrinogen concentrate is an alternative source of fibrinogen.
Fibrinogen concentrate is produced from a larger pool of
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Table 4 Comparison of cryoprecipitate and fibrinogen concentrate

Cryoprecipitate

Fibrinogen concentrate

No viral inactivation®*

Dose of fibrinogen varies, less accurate dosing

Single unit of cryoprecipitate contains a mean of ~400—460 mg of
fibrinogen (mean volume 44 mL)

Therapeutic dose for an adult is typically 2x5 pooled units (total
fibrinogen replacement 3-3.5 g in a volume of ~400 mL)

Requires thawing ~15—17 minutes

Viral inactivation steps (including pasteurization)
Known concentration of fibrinogen permits more accurate or targeted dosing
| g fibrinogen concentrate reconstituted in 50 mL of sterile water

Therapeutic dose dependent on setting of hemorrhage

Can be stored at room temperature as lyophilized powder, reconstitution

time ~10 minutes depending on dose (time for reconstitution longer if stored

in the fridge compared with room temperature)

ABO blood group matching required
Contains VIII, VWEF, FXIIl, and fibronectin in addition to fibrinogen
In vivo fibrinogen recovery after therapeutic dose 50%—62%2°

No need for ABO blood group matching
Contains only fibrinogen
In vivo fibrinogen recovery after therapeutic dose 100%—1 4%

Abbreviation: VWF, von Willebrand factor.

donors but the overall risk of viral transmission is likely lower
compared with cryoprecipitate, as the production involves
pasteurization, adsorption, and precipitation, which reduce
a significant proportion of enveloped and nonenveloped
viruses>¥*>* (Table 4).

On the clinical side, there are few comparative data. A
systematic review compared cryoprecipitate with fibrinogen
concentrate in patients with bleeding.*® There was very little
available evidence directly comparing fibrinogen concentrate
with cryoprecipitate (the review included one RCT and
four observational studies). The included studies showed
no differences in fibrinogen-level increase, bleeding, red
cell transfusions, or thromboembolic complications, and all
studies were at risk of bias and the authors concluded that
further high-quality trials were needed.*

In vivo recovery modeling

A paper by Collins et al*® described a theoretical tool to
model the effect of FFP, cryoprecipitate, and fibrinogen
concentrate on a patient’s plasma fibrinogen level. In this
model, the efficacy of fibrinogen replacement is dependent
on the in vivo recovery of each source of fibrinogen. Factors
affecting the in vivo recovery including hematocrit, body
weight, plasma volume, baseline fibrinogen, target fibrino-
gen, concentration of fibrinogen in the hemostatic agent, and
volume of hemostatic agent were taken into consideration
in the development of the model. Although not designed for
clinical use, it raises the importance of considering these
factors when making decisions regarding the type and dose
of fibrinogen replacement. In particular, for cryoprecipitate
the precise concentration in each pool is not known and this
limits specific dosing. This is an area where there is scope for
further research to understand optimal dosing of fibrinogen
supplements in different clinical scenarios.

Recent developments in
cryoprecipitate

Extended thaw cryoprecipitate

A disadvantage of cryoprecipitate is the potential wastage of
units if it is thawed but not used. Guidelines recommend that
pooled cryoprecipitate should be used within 4 hours of thaw-
ing.*3%5" The main reason for this short lifespan is concerned
with suboptimal efficacy and depletion in factor levels once
thawed. A recent study evaluated the effect of extended thaw
on the level of coagulation proteins in cryoprecipitate.® In
this study, 36 individual cryoprecipitate units were thawed,
diluted with saline, and assayed over time.*® No statistically
significant reductions of fibrinogen, FVIIL:C, FXIII, and
VWEF were found after either 4 hours or 24 hours of storage
of individual cryoprecipitate units at 20°C-24°C.*® These
data were replicated and extended by a second, more recent
study.” Here, testing of 16 U stored at ambient temperature
>72 hours showed no significant changes in levels of fibrino-
gen or FXIII. Peak thrombin, endogenous thrombin potential,
and all ROTEM variables remained unchanged after 72 hours,
showing that the hemostatic properties of thawed pooled
cryoprecipitate remained stable.” Although further work is
needed to explore the potential risk of bacterial contamination
to determine shelf-life before clinical use, the possibility of
extended thaw cryoprecipitate may facilitate ready accessibil-
ity of thawed cryoprecipitate with reduced wastage.

Other proteins found in
cryoprecipitate and their role in

hemostasis

Although cryoprecipitate is used as a source of fibrinogen
replacement, it also contains FVIII, VWE, FXIII, fibronectin,
and platelet microparticles.
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Fibronectin

Plasma fibronectin is a dimeric o2-glycoprotein, which is
synthesized in the liver and has collagen- and fibrin-binding
sites. Depletion of fibronectin has been observed in patients
with trauma, burns, sepsis, dissemintated intravascular
coagulation (DIC), and after major surgery.”*® In mouse
models that investigated the role of fibronectin in hemosta-
sis, mice that lack fibronectin were not able to form stable
thrombi at the sites of injured arterioles.®' Furthermore, in a
fibrinogen knockout model, at the site of vessel injury, plasma
fibronectin was rapidly deposited and initiated hemostasis,
even before platelet accumulation and integrated into fibrin
to increase fibrin fiber diameter and enhance clot strength.%
However, whether the fibronectin content in cryoprecipitate
transfusion has clinical significance is unproven in clinical
studies.

FXII

FXIII is a transglutaminase enzyme, which is activated by
thrombin. FXIIIa stabilizes the fibrin clot by cross-linking
fibrin chains. It also cross-links inhibitors of fibrinolysis,
predominantly a:2-antiplasmin to fibrin chains, which pre-
vents premature clot lysis and contributes to clot stability.%
Patients with trauma-induced coagulopathy have low factor
XIIT levels.* However, although it has been shown that low
levels of FXIII are sufficient for mechanical clot stabil-
ity in healthy patients, there is uncertainty regarding the
critical levels of FXIII required in trauma.** A flow model
showed that FXIII replacement normalized clot lysis in a
patient with congenital FXIII deficiency.** Although not
tested in the trauma setting or acquired FXIII deficiencies,
this interesting observation suggests a possible hemostatic
role for FXIII in cryoprecipitate conferring resistance to
fibrinolysis.

Platelet microparticles

Platelet-derived microparticles are the most abundant mic-
roparticles in blood and are highly procoagulant with low
levels associated with decreased clot strength, greater transfu-
sion requirements, and increased mortality in trauma.% Low
levels of platelet microparticles were observed in analysis
from the PROMMT study on trauma hemorrhage.® However,
a recent prospective study in acute trauma did not show any
changes in microparticle levels over time.®” There is uncer-
tainty regarding their role in trauma and hemostasis and the
robustness of quantitative and qualitative assays may need
addressing before their role in trauma coagulopathy can be
elucidated.®®

Cryoprecipitate: use and future

directions

Globally, there is >50 years of clinical experience of cryopre-
cipitate. The main indication for cryoprecipitate transfusion
today is for replacement of low fibrinogen in hemorrhage.
Although there have been very few reports of viral transmis-
sion or other adverse complications with cryoprecipitate
(possibly due to lack of reporting), many countries have
moved to fibrinogen concentrate. Advantages of fibrinogen
concentrate compared with cryoprecipitate include additional
safety measures for reducing viral transmission, near-patient
availability, and transportability (particularly relevant in the
field). However, with recent preclinical studies showing sta-
bility of fibrinogen levels in thawed cryoprecipitate, this has
the potential to make cryoprecipitate more rapidly available
for transfusion, and future studies may evaluate the efficacy
of prethawed cryoprecipitate.

The discrepancy among licenses for fibrinogen con-
centrate in acquired hypofibrinogenemia and differences in
cryoprecipitate use show that there are gaps in knowledge
that need to be addressed by high-quality trials including
assessment of cost-effectiveness and optimal dose of fibrino-
gen.!”24%8 Qo far, there have not been any head-to-head effi-
cacy trials of cryoprecipitate versus fibrinogen concentrate in
bleeding, but only pilot studies in cardiac surgery and trauma.

It is becoming clearer that the patterns and mechanisms
of coagulopathy in major bleeding may differ according to
the type of bleed. Whether the additional proteins, VIII, VWE,
fibronectin, and XIII, found in cryoprecipitate have a beneficial
effect on hemostasis remains unclear. As we begin to understand
more about the complexities of hemostatic pathways and the
patterns of bleeding and coagulopathy seen in different types of
hemorrhage, it is becoming clearer that optimal blood product
support in major hemorrhage may need to venture beyond
generic major hemorrhage protocols to a more individualized
approach. We await further prospective evidence to guide the
optimal source, timing, and dose of fibrinogen replacement in
hemorrhage. We anticipate a significant growth in our clinical
understanding over the next few years as a number of prospec-
tive studies on fibrinogen concentrate in bleeding are reported.
Further work is needed to evaluate whether the additional
proteins in cryoprecipitate confer any hemostatic benefit over
fibrinogen concentrate in different types of bleeding.
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