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Editor’s key points

e The authors review the
evolving usage of
cryoprecipitate, noting
the uncertainty of
appropriate dosing and
optimal administration.

e They call for randomized
controlled trials to help
guide the use of
cryoprecipitate and
current, alternative
therapeutic options.

Cryoprecipitate, originally developed as a therapy for patients with antihaemophilic factor
deficiency, or haemophilia A, has been in use for almost 50 yr. However, cryoprecipitate is
no longer administered according to its original purpose, and is now most commonly used
to replenish fibrinogen levels in patients with acquired coagulopathy, such as in clinical
settings with haemorrhage including cardiac surgery, trauma, liver transplantation (LT), or
obstetric haemorrhage. Cryoprecipitate is a pooled product that does not undergo
pathogen inactivation, and its administration has been associated with a number of
adverse events, particularly transmission of blood-borne pathogens and transfusion-related
acute lung injury. As a result of these safety concerns, along with emerging availability of
alternative fibrinogen preparations, cryoprecipitate has been withdrawn from use in a
number of European countries. Compared with the plasma from which it is prepared,
cryoprecipitate contains a high concentration of coagulation factor VIII, coagulation factor
XIII, and fibrinogen. Cryoprecipitate is usually licensed by regulatory authorities for the
treatment of hypofibrinogenaemia, and recommended for supplementation when plasma
fibrinogen levels decrease below 1 g litre™*; however, this threshold is empiric and is not
based on solid clinical evidence. Consequently, there is uncertainty over the appropriate
dosing and optimal administration of cryoprecipitate, with some guidelines from
professional societies to guide clinical practice. Randomized, controlled trials are needed to
determine the clinical efficacy of cryoprecipitate, compared with the efficacy of alternative
preparations. These trials will allow the development of evidence-based guidelines in order
to inform physicians and guide clinical practice.
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Concentrated antihaemophilic factor (AHF), or factor VIII
(FVILI), was first produced in the 1940s by Edwin J. Cohn, via
the fractionation of plasma with ethanol." Modest amounts
of this product were used as a treatment for haemophilia
throughout the 1950s,” and in the early 1960s attempts were
made to create an improved FVIII concentrate, which led to
the discovery that cryoprecipitate, which forms when frozen
plasma is allowed to thaw slowly at 1-10°C, is rich in fibrino-
gen, AHF, and factor XIIL.> This product was first discovered
and introduced by Pool and colleagues nearly 50 years ago,
as a therapy for patients with AHF deficiency or haemophilia
A;* > however, its major use today is far removed from that
for which it was originally intended. As a labile blood product
derived from plasma, cryoprecipitate is enriched with fibrino-
gen and also high concentrations of FVIII, von Willebrand
factor, and factor XIII. Its main use today is to replenish
fibrinogen levels during coagulopathies associated with
massive haemorrhage, in which fibrinogen decreases to a

critical level® 7 because of processes such as consumption
through clotting, dilution, blood loss, or all.

Cryoprecipitate has been withdrawn from many European
countries because of safety concerns such as the transmission
of pathogens.? ? Instead, commercial fibrinogen preparations
are available for fibrinogen replacement therapy.'® Neverthe-
less, cryoprecipitate remains available for haemostatic
therapy in several countries, including the USA and Canada,
but Level 1 evidence in the form of prospective, randomized,
controlled trials to support its efficacy is lacking. Here, we
examine the clinical evidence and current guidelines for
the use of cryoprecipitate to treat patients with acquired
coagulopathy.

Preparation

Each unit (U) of cryoprecipitate is commonly prepared from 1
unit of fresh frozen plasma (FFP; plasma which is frozen

© The Author 2014. Published by Oxford University Press on behalf of the British Journal of Anaesthesia.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the
original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com


mailto:jerrold.levy@duke.edu
mailto:jerrold.levy@duke.edu
mailto:jerrold.levy@duke.edu

Cryoprecipitate therapy

BJA

within 8 h of collection®?). FFP is thawed at 1-6°C and centri-
fuged to remove the supernatant. The remaining insoluble
precipitate, which is enriched with clotting factors, is
re-suspended in plasma and refrozen at —18°C or colder.
Alternatively, cryoprecipitate can be made from FP24, plasma
which is frozen within 24 h of collection.**

Although cryoprecipitate is commonly believed to contain
the majority of fibrinogen from plasma, in fact it contains only
~32%; the rest remains in the cryosupernatant.? However,
because cryoprecipitate is re-suspended in a relatively small

volume, it contains fibrinogen at a higher concentration than
in plasma, although the actual concentration of fibrinogen in
cryoprecipitate varies widely (~3-30 g litre 1) because of vari-
ability between donors and institution-specific practices
(Table 1). For example, one recent study measured the fibrino-
gen concentration of 11 different units of cryoprecipitate pre-
pared in the same hospital;?®> the concentrations per unit
ranged from 3.2 to 8.2 g litre ™%, with a mean concentration of
5.6 (1.7) g litre™. Volume per unit was high, at 35-40 ml
[mean fibrinogen content 195.3 (58.3) mg U™ '].°

Table 1 Variability between centres of cryoprecipitate pool content and volume. *Values calculated from data provided

Source Fibrinogen

Per pack (mg U™?)

Volume (ml)
Concentration (g litre™?)

AABB, the American Red Cross, America’s Blood >150
Centers, and the Armed Services Blood Program*?

Council of Europe Recommendation, 12th Edition™* >140
United Kingdom Blood Transfusion Services'”
Ahmed and colleagues®

Transfus Med

Alport and colleagues™® 250
Transfusion

Bass and colleagues'’ 152 (50)
Vox Sang

Callum and colleagues*®
Transf Med Rev

Cardigan and colleagues™? -
Transfusion

75% of packs should contain >140 mg

388 (range 120-796)

>7.5-30* 5-20
;3.5—7* 20:40

290 (min 140 mg U™ 1)* - -
16.7-25* 10-15
~6.6* 23.2 (6.6)
25.9-77.6* 5-15

9.26 (sp 3.59)

Caudill and colleagues?®
Transfusion

Franchini and Lippi**
Blood Transfus
Goodnight??

JAMA

Hoffman and Jenner?
Am J Clin Pathol

Ketchum and colleagues®*
J Trauma

Lee and colleagues®®
Transfusion

Levy and colleagues’
Anesth Analg

Miller and colleagues?®
American Red Cross

Millgan and colleagues?’

J Clin Pathol

Pantanowitz and colleagues
Am J Clin Pathol

Poon?’

Transf Med Res

Rahe-Meyer and Sgrensen’
J Thromb Haemost

Soloway and Bereznak>*
Transfusion

Stinger and colleagues®?

J Trauma

Theodoulou and colleagues **
Transfus Apher Sci

183 (44) (measured by Clauss fibrinogen) 8.8 (2.6)

319 (76) (measured by delta optical density) 15.2 (4.2)

150-300* ~15glitre™? 10-20
233-310 (range 63-417) 16-62* 5-15
281 (85) 16.9* 16.6
250 25* 10
195 (58) 5.6 (1.7) 35-40
388 (range 120-796) 7.8-19.4* 20-50
>150 >7.5-30* 5-20
- 8.4 -
150-300 10-30* 10-15
100-250 5-25* 10-20
200* 16.7* 60
205 (30) - -
250* 16.7* 150
150-300* 6-30* 10-20
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Cryoprecipitateis usually prepared as a small pool from mul-
tiple donors rather than being issued in single units. In a recent
UK report, 334 of 423 episodes treated with cryoprecipitate
were treated with pooled cryoprecipitate.* However, the rate
of pooling in other countries is unknown. Typically, five single
units are pooled into one bag before issue. A commonly used
adult dose is two pools (10 single units) of cryoprecipitate,?® °
which should increase plasma fibrinogen levels by ~1 g
litre~1,3® depending on the clinical setting.

Pooling of cryoprecipitate can be performed before freezing
by the central blood bank® or after thawing by licensed
centres.’® Centres in the EU must be licensed under the Euro-
pean Union Blood Directive, which in the UK includes only
~20% of laboratories.>” Furthermore, licensed centres are
subject to tight regulations, which has contributed to many
facilities abandoning the practice of pooling cryoprecipitate.®®
At licensed centres pooling may be performed upon thawing,
either by the blood bank or at the bedside. Each method
leads to a delay, either before or after the treating physician
receives the blood product from the blood bank, and the
optimal method of pooling has not been investigated.'® 2% In
addition, there have been concerns regarding how effectively
the relatively low volume of cryoprecipitate is removed from
bags during the pooling process.>?

The freezing and thawing of plasma during the preparation
process generates platelet membrane microparticles, which
are concentrated by cryoprecipitation; the microparticle con-
centration of cryoprecipitate is 265-fold greater than that of
the source plasma.'® These microparticles have been found
to contain glycoproteins which are able to interact with fibrino-
gen, platelets, von Willebrand factor, and other proteins,
and this interaction may be enhanced by cryoprecipitation.“®
However, it is unknown whether these microparticles retain
haemostatic function after freezing and thawing. Further
studies are needed to determine their role in haemostasis,
and to understand their potential role in adverse reactions to
cryoprecipitate, such as immune reactions and thrombosis.
In addition, a recent study has shown that the observable
clotsthat are, in very rare cases, present in thawed cryoprecipi-
tate pools are formed of both cross-linked (soluble) and
non-cross-linked (insoluble) fibrin.** This study highlights the
importance of filtration as a step in the blood collection
process to protect patients from the potential harmful effects
of transfusion of a blood product in which clots have already
formed.

Clinical settings with acquired coagulopathy

Trauma

Despite the widespread and steadily increasing use of cryopre-
cipitate in many clinical settings for nearly 50 yr,*? few studies
have evaluated its efficacy. In the setting of trauma, the use of
cryoprecipitate was investigated by Rourke and colleagues.*
Coagulopathic patients administered with two pools of cryo-
precipitate (the standard UK dose) maintained their average
fibrinogen level throughout further transfusions of red blood
cells (RBCs), although the results did not differ significantly
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from those observed in patients who had not received cryopre-
cipitate. In addition, there was no difference in mortality at
either 24 h or 28 days between patients who received cryopre-
cipitate during infusion of the first 12 U RBCs and those who did
not. However, for patients who survived the first 12 h after ad-
mission, the risk of death reduced by a factor of 0.91 for every
1 g fibrinogen administered within the first 12 h (P=0.08).
Another study of trauma patients at an Army combat hospital
found that a high ratio of fibrinogen to RBCs (>0.2 g fibrinogen
per unit of RBCs transfused) was independently associated
with improved survival to hospital discharge.>” The authors
stated that this ratio could be achieved by transfusing one
10-unit bag of cryoprecipitate for every 10 U RBCs (assuming
a cryoprecipitate fibrinogen content of 250 mg U™?). This re-
quirement could also be met by transfusing 1 U whole blood
for every 4 U RBCs, or 1 U FFP for every 2 U RBCs. More recently,
aretrospective observational study in a military hospital exam-
ined the use of cryoprecipitate and tranexamic acid alone and
in combination to treat patients injured in combat.** Mortality
was slightly lower for patients who received cryoprecipitate
when compared with those who did not (21.4% vs 23.6%,
respectively), and this benefit was associated with an odds
ratio of 0.61 (95% confidence interval: 0.40-0.94). For patients
administered with both cryoprecipitate and tranexamic acid,
mortality rates were more than halved (11.6%), although
mathematical modelling determined that this effect was not
synergistic. Finally,in a secondary analysis of 1238 of 1245 PRo-
spective Observational Multicenter Major Trauma Transfusion
(PROMMTT) study patients who had transfusion data, cryopre-
cipitate use was not associated with in-hospital mortality
after adjusting for baseline pH and haemoglobin; emergency
department systolic arterial pressure and Glasgow Coma
Scale (GCS) score; blood product use; injury severity score;
and trauma centre. However, the majority of patients in this
study did not receive cryoprecipitate.*”

In 2007, the first version of the European guidelines on the
management of bleeding after major trauma recommended
treatment with fibrinogen concentrate or cryoprecipitate if
significant bleeding is accompanied by a plasma fibrinogen
level <1 g litre™1.“® Updates to these guidelines in 2010, and
more recently in 2013, recommend supplementation of fi-
brinogen if significant bleeding is accompanied by thromboe-
lastometric signs of a functional fibrinogen deficit or a
plasma fibrinogen level of <1.5-2.0 g litre™%.“’ “® Fibrinogen
concentrate or cryoprecipitate are the recommended options
for fibrinogen supplementation.

Obstetric patients

Acquired hypo- or afibrinogenaemia in pregnancy and conse-
quent obstetric bleeding represents historically the first indica-
tion for fibrinogen supplementation in a non-congenital
fibrinogen deficiency and was described as a case report in
the literature by Moloney and colleagues in 1949.*° Fibrinogen
supplementation in this patient was done using Cohn Fraction
1,°9°* afibrinogen enrichment technique (ethyl alcohol precipi-
tation step under specific temperature, pH and ionic strength)
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that was invented by Edwin Cohn in the 1940s.> °> Modern
fibrinogen concentrates can be derived from either Cohn
Fraction I or cryoprecipitate.

Current options to increase plasma fibrinogen level in ob-
stetric and peripartum bleeding are mainly represented by
cryoprecipitate®® ~>° and fibrinogen concentrate.’®~%° In the
UK guidelines for the management of postpartum haemor-
rhage (PPH) published in 2009 and updated in 2011, fibrinogen
supplementation with cryoprecipitate is recommended if fi-
brinogen levels are <1.0 g litre™1.>* In contrast, the 2013 Euro-
pean guidelines on the management of severe perioperative
bleeding®® suggest that a higher trigger value for treating
hypofibrinogenaemia may be required, given the physiologic-
ally elevated fibrinogen concentrations in pregnancy. This rec-
ommendation is also based on the initial observations of
Charbit and colleagues®® who showed that a plasma fibrinogen
level of <2 glitre”* had 100% positive predictive value for evo-
lution to severe PPH, while a plasma fibrinogen level >4 g
litre™* had a 79% negative predictive value for this complica-
tion in women with non-severe PPH. Furthermore, the risk for
severe PPH was 2.63-fold higher for each 1 g litre™* decrease
in the fibrinogen level.°* The findings were confirmed in a
more recent multicentric study which showed that women
whose PPH did not worsen had a mean plasma fibrinogen
level of 4.2 g litre™! at the time of the PPH diagnosis, while
women who went on to develop severe PPH had a mean of
3.4 g litre 1.5% In addition, the plasma fibrinogen level was
associated with PPH severity independently of other factors
[adjusted odds ratio 1.90 (1.16-3.09) for plasma fibrinogen
level 2-3 g litre™* and 11.99 (2.56-56.06) for fibrinogen <2
g litre™'1.° The 2013 European guidelines®® also mention
that empirical use of fibrinogen concentrate in bleeding
patients (8-33% obstetric) has indicated potential reductions
in blood loss and transfusion requirements, while studies inves-
tigating cryoprecipitate in obstetric patients were not identi-
fied at the time of writing of these guidelines.

Cardiac surgery

A small number of studies have examined the use of cryopre-
cipitatein cardiac surgery. In one study,®* 30 patients undergo-
ing thoracic aortic surgery were treated with FFP alone or FFP
plus cryoprecipitate. Patients administered with cryoprecipi-
tate experienced significantly less blood loss and required sig-
nificantly fewer units of FFP. In another study, results of the
thromboelastometry (ROTEM) fibrin-based assay (FIBTEM)
during cardiopulmonary bypass were successfully used to
predict cryoprecipitate transfusion requirement after reversal
of protamine.®* Another recent study found that administra-
tion of cryoprecipitate in 13 patients undergoing aortic
surgery with deep hypothermic circulatory arrest raised
mean plasma fibrinogen levels from 1.54 to 1.93 g litre™?
(P=0.01), and FIBTEM clot amplitude at 10 min (A10) from
3.5 to 5.8 mm (P=0.04)." In vivo recovery of fibrinogen,
which indicates the percentage actual increase in plasma fi-
brinogen level compared with the expected increase after cryo-
precipitate administration, was 61.6%. A retrospective analysis

of patients receiving blood transfusions during cardiac surgery
found that cryoprecipitate transfusion was independently
associated with increased 5-yr mortality when compared
with a non-transfused matched control group.®”

Liver disease

One study investigated the use of cryoprecipitate for acquired
hypofibrinogenaemia after massive haemorrhage in LT.°® The
study found that intraoperative transfusion of cryoprecipitate
was associated with biliary complications, a significant
source of patient morbidity and mortality in patients undergo-
ing LT. The authors concluded that cryoprecipitate should only
be used in this setting after careful consideration.

In patients with liver disease, the efficacy of cryoprecipitate
was compared with that of FFP.°” Seventeen patients received
either 4 U FFP or 5 U cryoprecipitate. Although cryoprecipitate
improved coagulopathy, 4 U FFP were more efficacious, pro-
duced a significantly greater improvement in international
normalized ratio and activated partial thromboplastin time
parameters, and resulted in less exposure to blood products
than 5 U cryoprecipitate. Patients with liver disease often
have multiple deficiencies of both procoagulant and anti-
coagulant factors. FFP contains both procoagulant and anti-
coagulant factors at close to normal or below normal
concentrations, which may suggest that FFP is more suitable
than cryoprecipitate for haemostatic therapyin these patients.
At the same time, it must be kept in mind that transfusion may
aggravate portal hypertension in these patients, and may
paradoxically result in an increased bleeding tendency.®®
Therefore, the matter of the choice of haemostatic agent in
this setting is still under debate.

Commercial fibrinogen preparations

Purified, pasteurized fibrinogen concentrate offers an alterna-
tive to cryoprecipitate for fibrinogen supplementation therapy,
and two recent studies directly compared the efficacy of these
two therapies.” ** The first report involved 100 transfusion epi-
sodes where either cryoprecipitate or fibrinogen concentrate
were administered to patients with acquired hypofibrinogen-
aemia from avariety of clinical settings.** For patients adminis-
tered with two pools of cryoprecipitate (10 U, corresponding to
~1.8-2.2 gfibrinogen) the meanincreasein plasmafibrinogen
post-infusion was 0.26 g litre™ !, when compared with 0.44 g
litre ™! for patients administered with 2 g fibrinogen concen-
trate. In addition, in 7 of 64 episodes where cryoprecipitate
was administered, plasma fibrinogen levels decreased after in-
fusion.** The second report was a retrospective study assessing
the impact of the legislated replacement of cryoprecipitate
with fibrinogen concentrate in Ireland in 2009, in the setting
of major obstetric haemorrhage (MOH).” Blood product utiliza-
tion and clinical outcome were assessed in 77 women with
MOH during a 2.5-yr study period. A total of 14 women received
cryoprecipitate and 20 received fibrinogen concentrate to treat
hypofibrinogenaemia; haemostasis was successfully achieved
in all cases. The correlation between dose and subsequent
plasma fibrinogen level was stronger for fibrinogen
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concentrate than for cryoprecipitate. Mean estimated blood
loss, RBC transfusion, and plasma transfusion were lower in
the fibrinogen group than in the cryoprecipitate group. To-
gether, these results suggest that fibrinogen concentrate is
at least as efficacious as cryoprecipitate in increasing plasma
fibrinogen concentration, as a haemostatic agent in this
setting, or both. A recent prospective, randomized, placebo-
controlled study of patients undergoing elective cardiac
surgery showed that patients administered with fibrinogen
concentrate required significantly fewer allogeneic blood
product transfusions when compared with patients in the
placebo group (2 U vs 13 U, respectively).®® Moreover, total
avoidance of transfusion was achievedin nearly half of patients
who received fibrinogen concentrate, vs none who had
received placebo. Given that fibrinogen concentrate has a su-
perior safety profile with regard to transmission of infectious
diseases and a smaller transfusion volume, fibrinogen concen-
trate may be preferable as haemostatic therapy compared
with cryoprecipitate.

In summary, despite the use of cryoprecipitate in current
strategies to treat acquired coagulopathy and the current
level of acceptance across a range of clinical settings, surpris-
ingly few trials have examined its efficacy. Therefore, few con-
clusions can be drawn regarding its effectiveness. Large
randomized controlled trials are urgently required to assess
the efficacy of cryoprecipitate in correcting afibrinogenaemia
and coagulopathy in patients with acquired bleeding. Such
studies should take care to eliminate survivor bias (where
patients who live longer have a greater probability of receiving
treatment, leading to a false association between treatment
and survival) and should compare the efficacy of cryoprecipi-
tate with alternative approaches for fibrinogen replacement.

Safety

Few reports have described the rate of adverse events asso-
ciated with cryoprecipitate, but results from a haemovigilance
scheme in Quebec reported 6.57 events per 10 000 U (from a
total of 13 692 U administered).”®

Typical adverse events associated with the administration
of cryoprecipitate include transmission of infectious diseases,
transfusion-associated circulatory overload (TACO), and
transfusion-related acute lung injury (TRALI). In a haemovigi-
lance report in the UK from 1996 to 2003, the risk of TRALI
was estimated at 1 in 317 000 U of cryoprecipitate issued,”
although this may be a conservative estimate as TRALI is
commonly underdiagnosed.’? In the 2011 Serious Hazards of
Transfusion report, only one incidence of an acute transfusion
reaction was reported in the UK; the patient suffered from
urticaria and a sudden decrease in cardiac output.”® There
have also been reports implicating cryoprecipitate in cases of
acute anaphylactic shock, pulmonary oedema, intravascular
haemolysis, and biliary complications.*? ®© 7* FFP transfusion
in non-massively transfused trauma patients has been
shown to be associated with adverse events in a dose-
dependent manner;’® the same can be assumed to be true
for cryoprecipitate. However, given that an adult dose of
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cryoprecipitate of ~10 U is sourced from multiple donors, it
carries a greater risk of viral transmission per dose.'® The risk
of viral infection with cryoprecipitate is higher than that of fi-
brinogen concentrate, despite fibrinogen concentrate being
produced from a larger donor pool, because the production
of fibrinogen concentrate involves numerous stringent steps
including pasteurization, adsorption, and precipitation, which
remove or inactivate a wide range of enveloped and
non-enveloped viruses.”® 7’

In most of the few countriesin which it is still available, cryo-
precipitate is no longer used as a treatment for haemophilia
because of the lack of anti-viral processing. Although the life-
time exposure for patients with acquired bleeding is less than
for patients with haemophilia, in our view its continued use
in surgical settings and acquired bleeding nevertheless repre-
sents a double standard.® "® ’° Cryoprecipitate has been
accepted into general use as it has been used for many
years, despite the absence of evidence to confirm efficacy
and rigorous clinical proof of safety, as is currently required
forthe approval of new biological therapies. Given that cryopre-
cipitate is not virus-inactivated, is a pooled product, there is a
lack of evidence demonstrating its efficacy and there are
potentially safer alternatives currently available, it is unlikely
that regulatory approval for its use would be granted today.2°

Current licensing and regulatory status

Currently, cryoprecipitate is licensed for use in certain indica-
tions in the UK, the USA, Canada, Australia, and New Zealand;
however, it has been withdrawn from use in most of Western
Europe because of safety concerns. Cryoprecipitate was also
recently withdrawn from use in Ireland, where fibrinogen con-
centrate is now used for fibrinogen supplementation in its
place, despite a lack of formal licensing.’

Country-specific guidelines and recommendations for the
content and use of cryoprecipitate are outlined in Table 2. In
the UK, the British Committee for Standards in Haematology
state that 75% of packs of cryoprecipitate should contain
>140 mgq fibrinogen and 70 IU ml ™! FVIII, usually prepared
in a volume of 20-40 ml;2* however, the Council of Europe rec-
ommend that all packs of cryoprecipitate must contain these
concentrations of fibrinogen and FVIII as a minimum.** In
the USA, the Food and Drug Administration (FDA) state that
cryoprecipitate should contain a minimum of 150 mg fibrino-
gen and 80 IU FVIIL*® these values are also recommended
by Canadian guidelines®® (Table 2).

The recommended dose of cryoprecipitate varies between
institutes and countries. The FDA advises giving 0.2 U per kg
bodyweight (equivalent to 14 U in a 70 kg adult) to raise
plasma fibrinogen by ~0.5-1.0 g litre™,** the British Society
of Haematology advises that a dose of ~10 U would raise
plasma fibrinogen by ~1.0 mg di"%*® and the European
Trauma Guidelines suggest an initial dose of 3-4 g or 50 mg
kg~ ! (equivalent to 15-20 U in a 70 kg adult).*®* The American
Association of Blood Banks®® recommends dosing according
to the following formulae to achieve a specific increase in
plasma fibrinogen levels:
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Table 2 Country-specific guidelines and recommendations for the content and use of cryoprecipitate. DDAVP, desmopressin; DIC, disseminated

intravascular coagulopathy; FFP, fresh frozen plasma; tPA, tissue plasminogen activator; vWD, von Willebrand disease

Country Licensing body/authority ~ Threshold for fibrinogen Indication in acquired bleeding Indication in congenital

supplementation bleeding

UK British Committee for <1.0glitre™?, although thereisno e Most common use is to enhance
Standards in Haematology  clear threshold for diagnosing fibrinogen levels in
(BCSH) clinically significant dysfibrinogenaemia and acquired
Guidelines for the use of hypofibrinogenaemia; aim for a hypofibrinogenaemia in massive
fresh-frozen plasma, target of 2 g litre" ! in acute transfusion and DIC
cryoprecipitate and promyelocytic leukaemia o If there is no bleeding, blood
cryosupernatant® products are not indicated
Guidelines on the regardless of laboratory test results;
management of acute there is no evidence for prophylaxis
myeloid leukaemia in
adults®?

UK British Committee for <1.0glitre™? o FFPalone, if given in sufficient
Standards in Haematology quantity, will correct fibrinogen but
(BCSH) large volumes may be required
Guidelines on the o Cryoprecipitate therapy should be
management of massive considered for afibrinogenaemia. It
blood loss®? is rarely needed except in DIC

UK Association of <1.0 g litre " represents o Fibrinogen replacement in
Anaesthetists of Great established haemostatic failure established coagulopathy: give
Britain and Ireland (AAGBI) and is predictive of microvascular fibrinogen concentrate or
Management of massive bleeding cryoprecipitate if fibrinogen is
haemorrhage®* unavailable

* Fibrinogen replacement can be
achieved much more rapidly and
predictably with fibrinogen
concentrate

UK British Society for <1.0glitre™? o Severe hypofibrinogenaemia that
Haematology (BSH) persists despite FFP replacement
Guidelines for the diagnosis e ~10 donor units (containing ~3 g
and management of fibrinogen) are expected to raise
disseminated intravascular plasma fibrinogen by around 1 g
coagulation®® litre™?

Europe Task Force for Advanced <1.5-2.0glitre™%,in the presence e Supplementation with fibrinogen
Bleeding Care in Trauma of significant bleeding concentrate or cryoprecipitate is
Management of bleeding recommended if accompanied by
after major trauma“® thrombelastometric signs of a

functional fibrinogen deficit in the
presence of significant bleeding

o Initial dose of 50 mg kg™?!
cryoprecipitate (~15-20 units in a
70 kg adult) or use of fibrinogen
concentrate. Repeat doses may be
guided by ROTEM or laboratory
assessment of fibrinogen levels

Europe Expert panel on behalf of Target >1-1.5glitre ! FFP, fibrinogen, cryoprecipitate and
the European LeukemiaNet platelet transfusions, or all should be
Management of acute used as replacement therapy for low
promyelocytic leukemia®® fibrinogen or platelet levels. Such

replacement therapy should continue

until disappearance of all clinical and
laboratory signs of coagulopathy

Australia  National Health and <1.0glitre~ * with clinical bleeding.  Patients with critical bleeding requiring ~ Second-line therapy for

Medical Research Council
(NHMRC)

Patient Blood Management
Guidelines®®

massive transfusion

vWD and haemophilia A
(Factor VIII deficiency).
Should not be used if
virus-inactivated factor
concentrates are

available

Continued
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Table 2 Continued

Country Licensing body/authority ~ Threshold for fibrinogen Indication in acquired bleeding Indication in congenital
supplementation bleeding
USA Circular of information for - e Control of bleeding associated with  Indicated as second-line
use of human blood and fibrinogen deficiency therapy for vWD and
blood components? o Factor XIII deficiency haemophilia
e Second-line therapy for vwWD and A. Coagulation factor
haemophilia A (Factor VIII preparations other than
deficiency). Should not be used if cryoprecipitate are
virus-inactivated factor preferred when blood
concentrates are available component therapy is
o Control of uraemic bleeding only needed for
after other modailities have failed management of vWD
o Do not use unless results of and haemophilia
laboratory studies indicate a specific ~ A. Every effort must be
haemostatic defect for which this made to obtain
product is indicated preferred factor
concentrates for
haemophilia A patients
before resorting to the
use of cryoprecipitate
USA The ASA <0.8-1.0 g litre~ with clinical e When fibrinogen concentration is For patients with
Practice Guidelines for bleeding <80-100mgdl~inthe presence of congenital fibrinogen
Perioperative Blood excessive microvascular bleeding deficiencies if factor
Transfusion and Adjuvant o To correct excessive microvascular concentrates are not
Therapies: An Updated bleeding in massively transfused available
Report-2006°7 patients when fibrinogen
concentrations cannot be measured
readily
e Rarely indicated if fibrinogen
concentration is >150 mg dl ™!
¢ Bleeding patients with vWD should
be treated with specific concentrates
if available; cryoprecipitate is
indicated if not
Canada Transfusion Medicine <1.0 g litre"* with clinical bleeding e FFP or cryoprecipitate indicated for ~ Cryoprecipitate can be
Advisory Group of British hypodysfibrinogenaemia if used in vVWD
Columbia, Canada fibrinogen levels are <1.0 g litre ? unresponsive to DDAVP
Guidelines for and bleeding is present and in those locations
cryoprecipitate o Iffibrinogen levels are >1.0glitre”*  where Factor VIII: C
transfusion®® with active bleeding secondary to concentrates are not
DIC, FFP should be given. available for
Cryoprecipitate may be givenwhena haemophilia A patients.
large volume of plasma is Every effort must be
contraindicated made to obtain the
o Cryoprecipitate can be used to preferred recombinant
manage intracranial bleeding during  factor concentrate for
or post-tPA administration in stroke  haemophiliacs before
patients, or other clinical scenarios  the use of
o Cryoprecipitate can be used to treat  cryoprecipitate
FXIII deficiency if specific
coagulation factor concentrateis not
available
Worldwide World Federation of The WFH strongly

Hemophilia (WFH)
Guidelines for the
management of
hemophilia®

recommends the use of
viral-inactivated
plasma-derived or
recombinant
concentrates in
preference to
cryoprecipitate for the
treatment of
haemophilia and other
inherited bleeding
disorders
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(1) Blood volume=weight (kg) x 70 ml kg_l.

(2) Plasma volume=blood volume x (1 —haematocrit).

(3) mgoffibrinogenrequired=(desired fibrinogen —current
fibrinogen in mg dl™?) x plasma volume divided by 100
mldl

(4) Bags of cryoprecipitate required=mg of fibrinogen
divided by 250 mg.

Overthelast 20 yr, clinicalindications for the use of cryoprecipi-
tate have changed because of several reasons; namely,
a better understanding of haemostasis and coagulopathy
and the critical role of fibrinogen levels in these processes,
increased awareness of pathogen transfer and other side-
effects associated with allogeneic blood products, and the
introduction of alternative therapies such as coagulation
factor concentrates. Currently, guidelines from the USA,
Canada, the UK, and Australia are generally united in recom-
mending the use of cryoprecipitate to treat acquired afibrino-
genaemia where fibrinogen levels are diagnosed as falling
below a set threshold, usually <1.0 g litre 13> 3¢ 6881 glthough
higher recommended minimum levels have been recently
introduced“® (discussed later in more detail). The majority
of guidelines also state that cryoprecipitate should only be
administered in the presence of clinical bleeding.?” *° ®% ! In
the USA, Canada, the UK, and Australia, guidelines are in
agreement that cryoprecipitate should not be used to treat
von Willebrand disease or haemophilia A, or may only be con-
sidered if virus-inactivated factor concentrates or recombinant
factor preparations are unavailable (Table 2).

The preference for use of factor concentrates over allogen-
eic blood products is also beginning to emerge in guidelines
for the treatment of afibrinogenaemia. Recently, guidelines
from the Association of Anaesthetists of Great Britain and
Northern Ireland have stated that cryoprecipitate should
only be used to treat established coagulopathy if fibrinogen
concentrate is unavailable, as fibrinogen replacement
can be achieved more rapidly and predictably with fibrinogen
concentrate.®*

Dosing strategies

Cryoprecipitateisindicated for use in acquired hypofibrinogen-
aemia and is administered in a wide range of clinical settings,
the most common of which is cardiac surgery, accounting for
~32-45% of all transfusions.'® ** °* A report from the UK esti-
mated that 95% of cryoprecipitate given during cardiac surgery
was administered in response to haemorrhage and not given
prophylactically.* Cryoprecipitate is also commonly given
to trauma (12-29%) and non-cardiac surgery (12-13%)
patients,'® 3 °> and to patients in other clinical scenarios in-
cluding obstetrics, liver failure, oncology, and gastrointestinal
bleeding.*®** °* It is also commonly used in acute promyelocy-
tic leukaemia, where fibrinogen supplementation with cryo-
precipitate is recommended to target a plasma fibrinogen
level of 1-2 g litre ™! in coagulopathic patients.®? &

Despite similar recommended doses (as described above)
and annual use [e.g. ~2.0 U per 1000 people annually in the
UK (126 170 U’?/62 million people) and ~1.8 U per 1000

people annually in Canada (46 000 U°?/25 million people)]
across institutions and countries, actual administered doses
of cryoprecipitate vary widely, suggesting inconsistent
practice and uncertainty over the evidence informing optimal
use.lG 28 34 37 91

The indications for cryoprecipitate have been developed in
guidelines by some professional societies (Table 2). As
described in the Circular of Information for Blood and Blood
Components'® and licensed by the FDA, use of cryoprecipitate
is specified for patients with acquired hypofibrinogenaemia,
which is almost always seen in acquired coagulopathies.
In the course of transfusion, it is given almost exclusively
after RBCs, FFP, and platelets. In a study of cryoprecipitate
use in Canadian hospitals, a mean dose of 7.9 U was adminis-
tered per patient across all clinical settings; however, cryopre-
cipitate was only administered after transfusion of an average
of 10.5 U RBCs, 6.5 U plasma, and 9.4 U platelet concentrate.’
A recent study of 1238 trauma patients found that the
median time from admission to first administration of cryopre-
cipitate was 2.8 h (inter-quartile range, 1.7-4.5 h); this is
essentially very late, given that the median time to death
from haemorrhage in this study was 2.6 h.“® ?* In addition, a
study in New Zealand found that under-dosing of cryoprecipi-
tate was far more common than overdosing.”* Almost a
quarter of patients with a bodyweight >15 kg received less
than half of the 1 U per 30 kg bodyweight dose specified by
the New Zealand Blood Service guidelines.’” During the study
period, 134 episodes in 86 patients were identified where
cryoprecipitate was not administered, despite fibrinogen
levels of <1.0 g litre ™! (vs 181 episodes where cryoprecipitate
was administered).

There have also been widespread reports of inappropriate
dosing of cryoprecipitate.'® 28 3 37 91 9% Eor example, up to
62% of cryoprecipitate transfusions were deemed as inappro-
priate in a survey in New South Wales, Australia,” and an
audit of Canadian hospitals reported that the majority
of cryoprecipitate use is not in accordance with published
guidelines.'® A study in the USA involving 88 transfusions of
cryoprecipitate in 51 patients found that 20% of cryoprecipi-
tate used during the study period was administered for
inappropriate indications.’® Moreover, in a survey of cryopre-
cipitate use in UK hospitals, cryoprecipitate was administered
to 101/423 patients without prior assessment of fibrinogen
levels (i.e. given ‘blind’).** Finally, an audit in Canada found
that 9 of 25 hospitals did not have transfusion guidelines for
cryoprecipitate in place.’® In these hospitals, cryoprecipitate
was more likely to be administered inappropriately, demon-
strating the importance of clear transfusion guidelines.

Currently, many guidelines and massive transfusion proto-
cols recommend administering cryoprecipitate for plasma
fibrinogen levels of <1.0 g litre™; however, this threshold is
not based on solid clinical evidence (discussed in more detail
in a recent review by Levy and colleagues).”” Recent recom-
mendations suggest that higher target plasma fibrinogen
levels may be more appropriate;*® ¢ for example, the Euro-
pean Trauma Guidelines, which recommend supplementation
for fibrinogen levels of <1.5-2.0 g litre 1.*® In addition,

929



Nascimento et al.

different thresholds may be required in different clinical set-
tings, such as paediatric surgery or PPH.”? Finally, the standard
cryoprecipitate dose recommended in most guidelines causes
a modest increase in plasma fibrinogen levels in bleeding
trauma patients. In a cohort of massively transfused trauma
patients (who received no other blood products in the 2 h
before cryoprecipitate transfusion), a dose of 8.7(1.7) U cryo-
precipitate caused a mean increase in fibrinogen levels of
0.55(0.24) g litre 1,91 92

Point-of-care monitoring

Most guidelines recommend that cryoprecipitate be adminis-
tered in response to fibrinogen levels decreasing below a
certain threshold; however, in an emergency setting, turn-
around times for the Clauss fibrinogen assay are too long to
effectively guide administration of haemostatic therapy in
patients with acquired coagulopathic bleeding. In an attempt
to address this issue, Chandler and colleagues proposed a
revised fibrinogen assay in their emergency haemorrhage
panel.”’ The revised assay resulted in emergency coagulation
testing turnaround times for fibrinogen levels of <20 min for
the majority of cases. Furthermore, viscoelastic methods
such as ROTEM and thrombelastography (TEG) can be per-
formed at the bedside and provide rapid assessment of
multiple coagulation parameters. For each of these methods,
a specific fibrin test is available (FIBTEM and the functional
fibrinogen test, respectively). Point-of-care monitoring may
prevent over- and under-dosing, potentially reducing side
effects and costs while ensuring that patients are given suffi-
cient coagulation therapy. Point-of-care tests are effective
for guiding targeted haemostatic therapy; there is growing
evidence that their use is associated with lower transfusion
requirements for allogeneic blood products in a variety of
clinical settings.”®~'°% In addition, a favourable survival rate
was observed in patients administered with fibrinogen concen-
trate with or without prothrombin complex concentrate guided
by ROTEM.**

Although there is a growing body of literature on the use of
viscoelastic tests to guide the administration of coagulation
factor concentrates, few studies have been published on their
use to guide administration of cryoprecipitate.?” “* 54 194 In
an audit of cryoprecipitate transfusion in the UK, point-of-care
testing was used in only 11% of patients.** Although
point-of-care testing facilitates rapid diagnosis of coagulopa-
thy, cryoprecipitate is not quickly available as it must be
ordered from the blood bank, thawed and pooled, which can
take 25-45 min.'® Even if cryoprecipitate has been pre-
ordered, it takes ~30 min to infuse a standard dose of two
pools. In contrast, fibrinogen concentrate is reconstituted as
a smaller volume, which allows large doses to be administered
in a few minutes.'®® In cases of severe bleeding, it has been
reported that it is possible to infuse 1 g fibrinogen concentrate
in 20 s.'%° Importantly, cryoprecipitate also contains varying
concentrations of fibrinogen (Table 1) and is not as suitable
as fibrinogen concentrate for targeted dosing.
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Cost

Cost is highly influential in decision-making policies. Cryopre-
cipitate is generally perceived as being cheaper than fibrino-
gen concentrate; however, the true cost of blood products
such as cryoprecipitate is higher than the direct acquisition
cost of the drug: indirect costs must also be taken into
account. Following manufacture, indirect costs include
storage, preparation, thawing, processing, and compatibility
testing. Moreover, blood products are wasted if they cannot
be used as planned,’°® and haemovigilance schemes must
be maintained.

Transfusion of cryoprecipitate is also affected by the cost of
treating adverse events'®” '°® and infectious disease asso-
ciated with transfusion.®® Methylene blue-treated cryopre-
cipitate undergoes viral inactivation and therefore may avoid
some of these costs, but the acquisition cost is higher than
that of fibrinogen concentrate.”” In addition, transfusion of
allogeneic blood products is associated with mortality
caused by TRALI and TACO,'° longer hospital stays and
increased healthcare costs.'** To date, the true cost of cryopre-
cipitate has not been calculated.

Future directions

Further developments may address one of the main concerns
regarding the use of cryoprecipitate, namely the risk of patho-
gen transmission. Pathogen inactivation steps have previously
been described for the production of FFP,'*? and recent studies
have described the production of cryoprecipitate from plasma
treated with riboflavin and UV light,"** amotosalen and UV
light'** and solvent-detergent filtration."*> However, as with
pathogen-inactivated FFP, these products have reduced
levels of coagulation factors, with ~35% less fibrinogen than
standard plasma.’*® 14 A retrospective analysis found that
introduction of methylene blue-inactivated plasma led to an
increase in demand for plasma and cryoprecipitate.**® In add-
ition, extra steps during production also add to the cost, al-
though these may be offset by a reduction in the cost of
treating adverse events.'"’

Fibrinogen concentrate may provide a favourable alterna-
tive to cryoprecipitate, such as is currently practiced in most
of the EU. It can be stored at room temperature, is readily avail-
able for use, and is easy to reconstitute and administer. Fibrino-
genconcentrate also undergoes virus removal and inactivation
steps, which have been shown to be effective against both
enveloped and non-enveloped viruses.”® These steps addition-
ally remove antibodies and antigens, greatly reducing the risk
of immunological and allergic reactions. Results from recent
clinical studies show promising efficacy of fibrinogen concen-
trate in various clinical settings.®® 78 190 19% 118 Fyrther studies
are required to confirm and support the existing data on the
efficacy and safety of fibrinogen concentrate.

Current guidelines specify that coagulation factor concen-
trates should be used in preference to cryoprecipitate for the
treatment of haemophilia A and von Willebrand disease
because of safety reasons’® #*~5? (Table 2). Although fibrino-
gen concentrate is now used as a first-line haemostatic



Cryoprecipitate therapy

treatment for acquired hypofibrinogenaemia in some Euro-
pean countries, it is licensed only for congenital afibrinogenae-
mia/hypofibrinogenaemia in other countries including the
USA. Thus, local licensing and availability largely dictates in
which countries cryoprecipitate and fibrinogen concentrate
are used. It is anticipated that further evidence from high-
quality trials will inform local licensure and treatment guide-
lines in the future.®°

Conclusion

Despite the acceptance of cryoprecipitate for fibrinogen sup-
plementation in acquired coagulopathy in many countries,
there remains a lack of Level 1 evidence to support its use. In
addition, there is undoubtedly inappropriate administration
of cryoprecipitate. As with all allogeneic blood products,
cryoprecipitate carries a risk of pathogen transmission and
transfusion-associated adverse events. There is a need for
prospective, randomized, controlled clinical trials to determine
the haemostatic efficacy of cryoprecipitate compared with the
efficacy of alternative preparations. It is anticipated that these
trials will lead to the production of evidence-based guidelines
to inform physicians and guide clinical practice.
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