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Abstract

Improvement of operating room efficiency regarding perioperative blood product transfusion is fundamental for surgical patients.
The aim of this study was to 1) assess the use of cryoprecipitate in the operating room at our institution 2) identify and address
gaps in knowledge regarding the process of ordering and returning cryoprecipitate 3) aim to reduce cryoprecipitate wastage by
50% over a 14-month period. Institutional data from Dec. 2017 to April 2020 was retrieved on cryoprecipitate that was ordered,
thawed, and delivered to the operating room. Additionally, data was collected regarding cryoprecipitate that was wasted. A
retrospective analysis of weekly intraoperative cryoprecipitate utilization was performed to compare wastage before and after
implementation of interventions. Pre-intervention (Dec 2017 - March 2019), a total of 453 units of cryoprecipitate were issued
with 14 units wasted (3% wastage). Between March 2019 and April 2020, the 14 months after our intervention, there were
402 units of cryoprecipitate issued with only 1 unit wasted (0.25% wastage). The overall cryoprecipitate waste rate was reduced
by 91.66%. Month-to-month comparison of pre-intervention and post-intervention data identified significant reduction in aver-
age monthly wastage (0.875 vs 0.071 units respectively, p < 0.05). Appropriately, there was not a significant change in the mean
monthly cryoprecipitate issued to the operating room (28.31 vs. 28.7 units, p =0.94). These results demonstrate that utilizing
educational initiatives for optimization of blood product management can reduce unnecessary ordering, transfusions, and wast-
age; an outcome that could ultimately reduce costs.
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Introduction

The rate of blood product use per capita in the United States is
higher compared to many other industrialized countries, lead-
ing to concerns regarding the sustainability of the United
States blood system [1, 2]. In recent years, guidelines regard-
ing transfusion thresholds, prophylactic use, and storage con-
ditions have been developed at a national and institutional
level to optimize clinical practice. While there has been a
steady decrease of transfusion rates for most blood
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components with these guidelines, the transfusion of
cryoprecipitate in the United States has increased [2—4].

Cryoprecipitate is a fraction of plasma that precipitates
when fresh frozen plasma is thawed and centrifuged to remove
the supernatant [5]. The remaining insoluble precipitate is
enriched with clotting factors, including Factors I (fibrino-
gen), VIII, XIII and von Willebrand factor (vWF) [3].
Practice guidelines from the American Society of
Anesthesiologists (ASA) recommends cryoprecipitate trans-
fusion in the following circumstances: fibrinogen <100 mg/
dL with microvascular bleeding, to correct excessive micro-
vascular bleeding in massively transfused patients when fi-
brinogen concentrations cannot be measured in a timely fash-
ion, bleeding with von Willebrand Disease, congenital fibrin-
ogen deficiency [3, 6-8]. Treatment of Factor VIII deficiency,
Factor XIII deficiency, and vWF deficiency with
cryoprecipitate has markedly decreased due to the availability
of coagulation factor concentrates. As such, in the operating
room cryoprecipitate is largely used for acquired
hypofibrinogenemia in the context of hemorrhage such as
seen in liver transplantation, cardiovascular surgery and ob-
stetric surgery [5, 9, 10].
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Guidelines for cryoprecipitate are based on clinical consen-
sus and can vary between providers and institutions due to the
lack of evidence from randomized controlled trials [5, 11-13].
With this in mind, it is not a surprise that the clinical indica-
tions for the use of cryoprecipitate have changed frequently
over the last few decades. These changes in guidance are
likely due to a better understanding of the role of fibrinogen
in processes such as coagulopathy, hemostasis, pathogen
transfer, and role of alternative therapies [3, 5].

The aim of this quality improvement study was to 1) assess
the use of cryoprecipitate in the operating room at our institu-
tion 2) identify and address gaps in knowledge regarding the
process of ordering and returning cryoprecipitate 3) aim to
reduce cryoprecipitate wastage by 50% over a 14-month
period.

Methods

This project was undertaken as a quality improvement
initiative at our institution, a quaternary referral academic
medical center. Institutional data was retrieved on
cryoprecipitate considered “issued”; institutionally de-
fined as cryoprecipitate that is ordered, thawed, and de-
livered to the operating room. Additionally, data was col-
lected regarding cryoprecipitate that was “wasted”; de-
fined as delivered but not transfused, not reallocating to
another patient, and subsequently disposed of. At our in-
stitution once the cryoprecipitate is thawed it must be
transfused within 4 h. If the product is delivered to the
operating room but is not used, it can be returned to the
blood bank and reallocated to another patient if it has
been less than 4 h since thawing and it was not returned
inside of a cooler. The data was collected from the oper-
ating rooms on a weekly basis from December 2017 to
April 2020.

In addition to data collection, a survey was adminis-
tered to all anesthesia clinicians asking questions related
to why and how cryoprecipitate was ordered, transfused,
and returned (Fig. 1). The goal of this survey was to
identify gaps in knowledge regarding the appropriate
use of cryoprecipitate and the ordering/handling logistics
which could be addressed with focused educational inter-
ventions. Three educational interventions were per-
formed: a multidisciplinary department wide grand round
session which included a blood bank representative (pa-
thologist), an online cryoprecipitate resource platform
was created reinforcing the Practice guidelines from the
American Society of Anesthesiologists (Figs. 2 and 3),
and education of ancillary surgical staff (anesthesia techs,
operating room nurses, and operating room assistants) in
the proper handling of cryoprecipitate. Data continued to
be collected on a weekly basis after these interventions,
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from March 2019 to April 2020. A retrospective analysis
of intraoperative cryoprecipitate utilization was per-
formed before and after the implementation of these in-
terventions. There was no consequence or penalty for
ordering cryoprecipitate or wasting the cryoprecipitate
unit. The collected data was anonymous and could not
be linked back to a specific clinician or operating room;
additionally, clinicians were not specifically notified that
waste was being tracked to avoid bias in ordering/
transfusion habits.

Results

Between December 2017 and April 2020, a total of 855 units
of cryoprecipitate were issued to the operating room and
15 units were wasted (Fig. 4). Pre-intervention (Dec 2017 -
March 2019), a total of 453 units of cryoprecipitate were is-
sued with 14 units wasted (3% wastage). Between
March 2019 and April 2020, the 14 months after our interven-
tion, there were 402 units of cryoprecipitate issued with only 1
unit wasted (0.25% wastage). The overall cryoprecipitate
waste rate was reduced by 91.66% (Fig. 5). Month-to-month
comparison of pre-intervention and post-intervention data
identified significant reduction in average monthly wastage
(0.875 vs 0.071 units respectively, p < 0.05). Appropriately,
there was not a significant change in the mean monthly
cryoprecipitate issued to the operating room (28.31 vs.
28.7 units, p =0.94) (Fig. 6).

Statistical analysis

The analysis included 62 weeks of pre-intervention data and
56 weeks of post-intervention data. Descriptive statistics and
unpaired, 2 tailed t-tests were calculated using Microsoft
Excel (Redmond, WA) to compare the pre-intervention and
post-intervention time periods. A p value <0.05 was consid-
ered significant. Of note, data was analyzed using month to
month comparison.

Discussion

Improving blood product utilization, administration, and
maintenance was the primary driver for this quality im-
provement project which focused on educational initia-
tives. The focused educational initiatives included: a mul-
tidisciplinary grand round, online resources for the anes-
thesia department, and education of operating room ancil-
lary staff. These measures were used to address the defi-
ciencies noted from the clinician survey to successfully
reduce wastage. Our analysis of cryoprecipitate utilization
revealed less cryoprecipitate was being wasted after
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Cryoprecipitate Waste Survey

What is your role in the operating room?

Faculty
Fellow
Resident
CRNA
SRNA

e wN R

How confident is your understanding of the process of ordering cryoprecipitate from the blood bank?

Not so confident
Not at all confident

1. Extremely confident
2. Very confident

3. Somewhat confident
4. Neutral

5.

6.

Have you ordered cryoprecipitate in the last 3 months?

1. Yes
2. No

If you ordered cryoprecipitate in the last 3 months, for which indication?

Inherited disorders of fibrinogen

Suspected uremic bleeding
Liver dysfunction

AR R

Hypofibrinogenemia (fibrinogen < 100 mg/dL)

Suspected disseminated intravascular coagulation (DIC)

How long is the average wait time for cryoprecipitate to be delivered to the OR once ordered?

1. 10-20 minutes
2. 30-40 minutes
3. 60-70 minutes
4. Over 90 minutes

If you do not end up using the cryoprecipitate how should it be returned to the blood bank?

Leave in the OR, outside of the blood cooler
Leave in the OR, inside of the blood cooler
Give it to the circulating nurse for return
Give it to the OR control desk

HwnNe

5. Leave it in the dumbwaiter to be sent back to the blood bank

Fig. 1 Cryoprecipitate Utilization Survey

implementation of the educational interventions. Further,
the lack of statistical significance between the number of
ordered cryoprecipitate units pre and post intervention
signal that the reduction in waste was not solely due to
an absolute reduction in total number of units ordered but

a combination of more appropriate ordering and returning
of cryoprecipitate (Fig. 6). The percentage of
cryoprecipitate waste was effectively reduced by over
90%, from a pre-intervention waste rate of 3% to a post
intervention waste rate of 0.25%.

@ Springer



37 Page4of8

J Med Syst (2021) 45: 37

Figure 2. Departmental Online Educational Content

When should | order cryoprecipitate?

When the decision has been made that the patient requires a unit of cryoprecipitate
What are the indications for cryoprecipitate transfusion?

Should attempt to assess fibrinogen levels before the administration of cryoprecipitate, if possible.
According to the American Society of Anesthesiologists (ASA) guidelines, cryoprecipitate is indicated in
the following clinical scenarios:

e When a test of fibrinogen activity indicates a fibrinolysis

e When the fibrinogen concentration is less than 100 mg/dL in the presence of excessive bleeding

e Asan adjunct in massively transfused patients if fibrinogen level cannot be measured or
awaiting the measurement is detrimental to patient care

e Patients with congenital fibrinogen deficiencies

e Patients who are bleeding and are diagnosed von Willebrand disease if desmopressin or
VWF/Factor concentrates are not available

e Inherited disorders of fibrinogen

Additional indications:

Disseminated Intravascular Coagulopathy (DIC) by clinical evaluation and as defined by International
Society of Thrombosis and Haemostasis* scoring (5 or higher):

e Platelet count (> 100k = 0, < 100k = 1, < 50k = 2)

e Fibrin degradation products such as D-Dimer (no increase = 0, moderate increase = 2, strong
increase = 3)

e Prolonged prothrombin time (<3 sec=0,>3sec=1,> 6 sec=2)

e Fibrinogen level (>1.0g/L=0; < 1.0g/L=1)

Uremic Bleeding, patients with uremia who have not responded to desmopressin.

Patients with severe liver disease who are experiencing bleeding, but not for prophylactic use in low
bleeding risk surgeries.

As part of a massive transfusion protocol (MTP), specifics on MTP can be found here:
http://handbook.partners.org/content/pdf/MGHTransfusionMassiveTransfusionTrauma.pdf

How much volume is in a unit of cryoprecipitate?

1

A unit or “pool” of cryoprecipitate is between 150-200mL.
How long does it take to receive cryoprecipitate once ordered?

The average time is 30-40 minutes, this may depend on the time of day and needs across the operating
room. The cryoprecipitate must thaw prior to leaving the blood bank.

Should | thaw a unit of cryoprecipitate just in case | need it?

No. If you thaw a unit of cryoprecipitate it needs to be transfused within 4 hours otherwise the unit will
be wasted.

Does Cryoprecipitate need to be transfused through a blood warmer?

No, the unit is room temperature and does not need to be administered through a blood warmer
Does cryoprecipitate need to be transfused through a blood filter?

Yes, a standard blood filter can be used or transfusion.

What happens if | ordered a unit of cryoprecipitate to the operating room but then | don’t need it?

You can return the unit to the blood bank within 4 hours of the unit being thawed and they will attempt
to re-allocate that unit to another patient.

How do | return a unit of cryoprecipitate back to the blood bank?

It should be returned to the blood bank in the plastic bag it was delivered in and should never be placed
inside of the blood cooler.

Additional guidelines and FAQs can be found here:
https://ether.mgh.harvard.edu/wiki/index.php?title=Blood Bank FAQ

Full ASA guidelines on blood transfusions can be found here:

Practice guidelines for perioperative blood management. Anesthesiology. 2015;122(2):241-275.
https://pubmed.ncbi.nlm.nih.gov/25545654/

1. Toh CH, Hoots WK, SSC on Disseminated Intravascular Coagulation of the ISTH. The scoring
system of the scientific and standardisation committee on disseminated intravascular
coagulation of the international society on thrombosis and haemostasis: a 5-year overview. J
Thromb Haemost. 2007;5(3):604-606.

Fig. 2 Departmental Online Educational Content
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While the appropriate use of cryoprecipitate in the op-
erating room is limited, common uses at our institution
based on the survey included hypofibrinogenemia [de-
fined as fibrinogen <100 mg/dL] (64.7% of responders),
suspected disseminated intravascular coagulation [(17.7%
of responders), and inherited disorders of fibrinogen
(17.6% of responders). Emergence of evidence-based
transfusion guidelines has a major influence on operating
room blood product administration [5, 15]. Patient blood
management programs, adoption of guidelines encourag-
ing restrictive transfusion thresholds, and advances in
technology and surgical techniques may all contribute to
the decrease in overall blood products [2, 10, 16].
Contrary to the trend in other blood products,
cryoprecipitate usage has increased nationally [16]. This
trend may be secondary to the fluidity in guidelines, dis-
crepancy in practice as compared to national guidelines.
The emergence of studies related to cryoprecipitate ad-
ministration in various fields such as obstetrics, cardiac
surgery, and trauma. Have shown that acquired
hypofibrinogenemia is associated with worse outcomes
and risk of bleeding [11, 12, 17, 18].

Strain continues to be placed on blood collection cen-
ters as manufacturing costs of safe blood products rises,
despite decreasing demand and cost hospitals are willing
to pay for blood products [1, 2]. Appropriate use of
cryoprecipitate and reduction of waste can help reduce
the chances of rationing care for patients especially in
resource constrained hospital systems. There are also fi-
nancial benefits associated with decreasing misuse and
wasting of cryoprecipitate. At our institution, the acqui-
sition cost of cryoprecipitate is $228 per unit. That ex-
pense doesn’t include the cost of storage, preparation,

Page | Discussion

Cryoprecipitate

When should | order cryoprecipitate?
When the decision has been made that the patient requires a unit of cryoprecipitate

What are the indications for cryoprecipitate transfusion?

When a test of fibrinogen activity indicates a fiorinolysis

When the fibrinogen concentration is less than 100 mg/dL in the presence of excessive bleeding

Patients with congenital fibrinogen deficiencies.

Inherited disorders of fiorinogen

Additional indications

thawing, compatibility testing or transfusion [3, 14].
Cryoprecipitate issued to the operating room but not
transfused should be returned to the blood bank at room
temperature. Based on our survey responses, if
cryoprecipitate was not utilized 41.2% of responding
providers correctly left it in the operating room outside
of the blood transport cooler while 50% put it in the
cooler for return to the blood bank resulting in wastage
due to improper temperature. Using evidence-based med-
icine and societal guidelines, we reinforced indications
for ordering cryoprecipitate and management of unused
cryoprecipitate; specifically, maintaining the unit at room
temperature and prompt return to the blood bank at the
end of the operation or sooner if not needed.
Additionally, a source of waste was the practice of
thawing cryoprecipitate just in case the need arises; the
reason behind this was the thought that it may take over
an hour to deliver the unit to the operating room. This
information was elucidated from the survey and clini-
cians were educated on the average time for
cryoprecipitate delivery, which is closer to 30—40 min.
This practice was also cautioned against as clinicians
were educated that once thawed, the cryoprecipitate unit
would have to be transfused within 4 h otherwise it
would be wasted as reallocating the unit was difficult
and rarely occurred. Improving upon these practice
habits led to a decrease in wasted cryoprecipitate and
more appropriate ordering of cryoprecipitate (Fig. 4).
Blood product transfusions are the most common proce-
dures in the United States; however, there are risks associated
with receiving blood product transfusions [2, 19]. Specifically
with cryoprecipitate transfusions, there is a risk of transmis-
sion of blood-borne pathogens and transfusion-related acute

s Preferences Watchist Contnibutions Log out

Read Edit View history More v |Search MGH Anesthesia Wik Q

Should attempt to assess fibrinogen levels before the administration of cryoprecipitate, if possible. According to the American Society of Anesthesiologists (ASA) guidelines, cryoprecipitate is indicated in the following clinical scenarios:

As an adjunct in massively transfused patients if fibrinogen level cannot be measured or awaiting the measurement is detrimental to patient care

Patients who are bleeding and are diagnosed von Willebrand disease if desmopressin or VWF/Factor concentrates are not avaiiable

Disseminated Intravascular Coagulopathy (DIC) by clinical evaluation and as defined by Intemational Society of Thrombosis and Haemostasis ' scoring (5 or higher)

Platelet count (> 100K = 0, < 100K = 1, < 50k = 2)
Fibrin degradation products such as D-Dimer (no increase = 0, moderate increase = 2, strong increase = 3)
Prolonged prothrombin time (< 3 sec =0, > 3 sec =1, > 6 sec = 2)

Fibfinogen level (> 1.0g/L = 0; < 1.0g/L = 1)

Uremic Bleeding, patients with uremia who have not responded to desmopressin.

Patients with severe liver disease who are experiencing bleeding, but not for prophylactic use in low bleeding risk surgeries

As part of a massive transfusion protocol (MTP), specifics on MTP can be found here: hitp:/handbook partners.org
How much volume is in a unit of cryoprecipitate?
Aunit or “pool” of cryoprecipitate is between 150-200mL.

How long does it take to receive cryoprecipitate once ordered?

pof

The average time is 30-40 minutes, this may depend on the time of day and needs across the operating room. The cryoprecipitate must thaw prior to leaving the blood bank

Should | thaw a unit of cryoprecipitate just in case | need it?
No. If you thaw a unit of cryoprecipitate it needs to be transfused within 4 hours otherwise the unit will be wasted.
Does Cryoprecipitate need to be transfused through a blood warmer?

No, the unitis room temperature and does not need to be administered through a blood warmer

Fig. 3 Picture of Departmental Online Educational Content
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Monthly Cryoprecipitate Usage
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Fig. 4 Stacked column chart demonstrating units of cryoprecipitate issued monthly (blue) compared to units wasted each month (orange). Black line

denotes separation between pre and post- intervention data

lung injury (TRALI) [3, 5, 6]. The risk of TRALI was esti-
mated at 1 in 317,000 units of cryoprecipitate in a United
Kingdom report from 1996 to 2003 [5]. Although
cryoprecipitate can be administered in single units, larger vol-
umes may be required, thus exposing recipients to multiple
donors [3, 5, 6]. While there are few reports detailing overall
incidence of adverse events, the Quebec hemovigilance

Fig. 5 Cryoprecipitate wastage
from December 2017-March

2019 (pre-intervention) compared 35
to March 2019-April 2020 (post-
intervention), columns represent
the percentage of cryoprecipitate 3
wastage during each time period °
g
225
b
2
g 2
o
a
o
=
O 15
k)
(]
g
t 1
8
o
a
0.5
0

Pre - Intervention
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system reported 6.57 adverse events per 10,000 units of
cryoprecipitate transfused [5].

The transfusion of allogeneic blood products is asso-
ciated with longer hospital stays and increased health
care costs [20]. Blood product transfusions are a crucial
therapy in modern medicine, however there are benefits
of limiting unnecessary transfusions for both avoidance

Cumulative Cryoprecipitate Wastage

Post - Intervention
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Fig.6 Comparison of the average
cryoprecipitate usage during the 35
pre-intervention versus post-

intervention periods. Columns

represent mean monthly values. 30
*designates significant findings

(P<0.05)

28.31

= = N N
o w =] [

Mean Monthly Units of Cryoprecipitate

w

OR Cryoprecipitate Usage

28.71

Cryoprecipitate Issued

of adverse outcomes and cost reduction. Institution level
initiatives involving blood product management and
waste reduction can mitigate the above concerns by re-
ducing unnecessary transfusions and provide cost
savings.

Limitations of our study include the follow-up post-inter-
vention period being shorter than the pre-intervention period
due to reduced operating room volume secondary to the
COVID-19 pandemic. Another limitation is these results
come from a single institution and do not account for con-
founding changes in clinical practice. Additionally, we only
focused on ordering and returning cryoprecipitate and there
are other methods to reduce waste which are outside the scope
of our study including the implementation of stricter transfu-
sion thresholds.

Conclusion

By evaluating ordering practices and utilization of
cryoprecipitate at our institution, overall cryoprecipitate wast-
age was reduced after executing initiatives aimed at address-
ing improper ordering and handling of cryoprecipitate. These
results demonstrate that utilizing educational initiatives for
optimization of blood product management can reduce unnec-
essary ordering, transfusions, and waste; an outcome that
could ultimately reduce costs and improve quality of care.
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