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Abstract

Background—There are few clinical data to guide the use of cryoprecipitate in severely injured
trauma patients. Cryoprecipitate is a rich source of fibrinogen, and has been associated with
improved survival in animal as well as limited human studies. Our objective was to identify
patterns and predictors of cryoprecipitate use and determine whether transfusing cryoprecipitate
was associated with improved survival.

Methods—This secondary analysis of 1238 of 1245 PRospective Observational Multicenter
Major Trauma Transfusion (PROMMTT) study patients who had timed transfusion data included
359 (29%) who received cryoprecipitate. For this analysis, one dose of cryoprecipitate was defined
as 10 units. Unadjusted predictors of cryoprecipitate use were identified using logistic regression.
Multivariable time-dependent Cox models were performed to examine the association of
cryoprecipitate on time to in-hospital death.

Results—Cryoprecipitate use varied significantly by center, ranging from 7-82%. Among
patients who received cryoprecipitate, the median number of units infused by 24 hours was 10
(IQR: 10-20). The median time from admission to first cryoprecipitate unit was 2.7 hours (IQR:
1.7-4.4 hours). Of those who died a hemorrhagic death within six hours of admission, 72%
received no cryoprecipitate. Other unadjusted predictors of cryoprecipitate use included, Injury
Severity Score (ISS), initial fibrinogen levels, base deficit, INR, PT/PTT, hemoglobin, damage
control surgery and surgical intervention of the chest and abdomen. Cryoprecipitate use was not
associated with in-hospital mortality after adjusting for initial pH, initial hemoglobin, ED systolic
blood pressure, ED GCS, blood product use, ISS and center.

Conclusions—Ten US Level 1 trauma centers vary greatly in their timing and use of
cryoprecipitate in severely injured trauma patients. We could not identify any association of
cryoprecipitate use with in-hospital mortality, although most patients did not receive this product.
Randomized controlled studies are needed to determine if cryoprecipitate (or fibrinogen
concentrates) have a beneficial effect.
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INTRODUCTION

Hemorrhage remains the most common potentially preventable cause of traumatic death.!
Recent studies have refocused attention on blood component resuscitation of trauma patients
suffering hemorrhagic shock and the early coagulopathy of trauma.2~* The most severely
injured patients are coagulopathic, have suffered substantial bleeding, will likely require
significant transfusion, and the majority of these patients die from bleeding within three
hours of hospital arrival. The high mortality risk in these transfused patients has generated
studies on the early and optimal use of all blood products, including red blood cells (RBCs),
fresh frozen plasma (FFP), platelets and cryoprecipitate.5-11 Early use of blood products as
the primary resuscitation fluid (while minimizing crystalloid resuscitation) is one component
of damage control resuscitation (DCR),3 which when implemented early is associated with
improved survival, lower overall use of blood products and decreased inflammatory
complications.12 While significant attention has been paid to FFP and platelets,
comparatively little published data on use and outcomes after cryoprecipitate therapy exists.
Interestingly, the current DCR clinical practice guideline from the Joint Theater Trauma
System suggests that cryoprecipitate be transfused early, with the first units of plasma,
platelets and RBCs in patients suffering substantial bleeding.13. 14

Cryoprecipitate is a pooled human blood product derived from the precipitate fraction of
cold-thawed human plasma. It is manufactured by thawing a unit of FFP at temperatures just
above freezing (1-6 °C), then centrifuging to remove plasma. Cryoprecipitate typically
contains Factor | (fibrinogen), Factor VIII, Factor XIII, vWF, and fibronectin. Each unit
should contain = 80 IU of Factor VIII and = 150 mg of fibrinogen in approximately 5 to 20
mL of plasma.1> Thus a “10 pack” of cryoprecipitate should contain = 1.5 grams of
fibrinogen. Due to variability in the manufacturing process, the actual allowed fibrinogen
content varies by up to 600%. Cryoprecipitate is stored frozen at —18°C, must be thawed
before infusing, and crossmatching and ABO compatibility testing are not required before
infusion.1> Complications associated with cryoprecipitate use are assumed to be similar to
those of FFP.

While cryoprecipitate has traditionally been transfused when plasma fibrinogen levels are <
100 mg/dL (1 g/L), it appears that this cutoff is based on six patients from a small study in
1987.16. 17 Recent reviews have raised this cutoff to 1.5-2 g/L, and document the lack of
data to define critical starting and ending fibrinogen targets and thus guide rational use of
this blood product.17-23 A recent survey of cryoprecipitate use failed to establish a
correlation between fibrinogen level and cryoprecipitate infusion.22 In several European
countries, cryoprecipitate is no longer used, instead concentrates are available that deliver
consistent amounts of fibrinogen.20 In the resuscitation of bleeding trauma patients, early
fibrinogen infusion appears to be associated with favorable outcomes in uncontrolled
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studies.2* 25 Two small randomized trials have been completed, demonstrating improved
outcomes.28: 27 This experience has led to a randomized pilot study in trauma patients,
exploring its use in the prehospital arena.28 (http://clinicaltrials.gov/ct2/show/
NCTO01475344).

Despite a dramatic increase in research efforts and numerous publications directed at
optimizing resuscitation after hemorrhagic shock and reversal of acute coagulopathy, little
quality data exist today to guide cryoprecipitate transfusion (or fibrinogen replacement) in
rapidly bleeding trauma patients. We hypothesized that the early or increased use of
cryoprecipitate in the PROMMTT patients would be associated with improved outcomes.

The Prospective Observational Multicenter Major Trauma Transfusion (PROMMTT) study
enrolled 1,245 adult trauma patients from 10 US Level 1 trauma centers during July 2009—
October 2010.6 Real-time data collection on timed infusions and other treatments and their
indications was initiated on consecutive patients until active resuscitation ended or patients
were identified to be ineligible for the study. Information on in-hospital mortality,
complications, and later treatment were recorded daily from the medical record until death
or discharge. Additional details regarding the design and main results of PROMMTT have
been previously published.8: 22 PROMMTT was approved by the local Institutional Review
Boards at all ten clinical sites and the Data Coordinating Center as well as the US Army
Human Research Protections Office.

For this secondary analysis, we examined the use of cryoprecipitate and the primary
outcomes of interest were in-hospital mortality at 6 and 24 hours, and 30 days.
Demographics, injury, and treatment characteristics were compared using the Mann-
Whitney test for continuous variables and the Pearson Chi-square for categorical variables.
Several different multivariable analyses were performed to answer different clinically-
relevant questions about cryoprecipitate use and mortality. For all models, purposeful
variable selection strategies were utilized, confounders were retained in the model if they
changed the univariable association = 10%,30 31 and center was included as a random effect
using shared frailty. In these multivariable models, units of cryoprecipitate, RBCs, plasma,
and platelets were modeled as uncumulated time-dependent variables, all other covariates
were modeled at baseline only, and time intervals were defined by the occurrence of death.
The rationale for not cumulating blood products was the focus on the fibrinogen component
of cryoprecipitate and other blood products, which is consumed in the formation of clots.

Two sets of time-dependent Cox proportional hazards models were constructed with risk of
death beginning at minute 31 and in-hospital mortality evaluated at three time points (6 and
24 hours and 30 days). Model set 1 included all patients and model set 2 was only among
coagulopathic patients (INR=1.3). The proportional hazards assumption was tested for every
model using the global test. Models were then stratified on time in three intervals (0-6
hours, 6-24 hours, and 24 hours—30 days) because hazards were not proportional in the 0-24
hour and 0-30 day time period.
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In order to examine the association of early cryoprecipitate on mortality, another set of Cox
proportional hazards models was developed defining early use as infusion of cryoprecipitate
within two hours of admission (dichotomous variable). We also performed a sensitivity
analysis alternately defining the exposure as receiving cryoprecipitate within one hour of
admission.

Because fibrinogen is found in plasma, platelets, and cryoprecipitate, we used the following
formula to calculate a fibrinogen:RBC ratio, utilizing average amounts of fibrinogen.
Fibrinogen levels in plasma are 3 grams/L, thus 160-200 mL of plasma in a unit of FFP
contains approximately 0.5 grams; 10 U of cryoprecipitate contains approximately 2.0
grams; and the 200-300 mL of plasma in a unit of apheresis platelets contains about 0.75
grams of fibrinogen (personal communication, John Hess). Using these estimates, we
created five groups of fibrinogen:RBC ratios and analyzed how these ratios changed over 24
hours.

Among the 1238 patients with cryoprecipitate information recorded, 359 received
cryoprecipitate within the first 24 hours after admission (29%). Among patients classified as
substantially bleeding (=4 units of RBCs transfused within 6 hours of admission or died of
hemorrhage within 6 hours of admission) cryoprecipitate was infused in 37% within 24
hours. Patients receiving cryoprecipitate were more likely to be Caucasian (77% vs. 64%,
p<0.001). Age, sex and Hispanic ethnicity were not different among patients receiving
cryoprecipitate compared to those who did not. Cryoprecipitate use varied significantly by
center, ranging from 7 to 82% in transfused patients (p<0.001) (Table 1).

Patients receiving cryoprecipitate had higher Injury Severity Score (ISS) and higher head,
abdomen and external Abbreviated Injury Scale (AlS) scores compared to patients who did
not receive cryoprecipitate (Table 1). Patients receiving cryoprecipitate were also more
likely to have pelvic bleeding, but there were no other significant differences by bleeding
site, mechanism of injury, or specific cause of injury. Patients receiving cryoprecipitate had
significantly higher admission heart rates, base deficit, INR, and lactate and significantly
lower admission Glasgow Coma Scale (GCS), platelet count, thrombelastography (TEG)
MA and a, and hemoglobin, hematocrit. Among the 196 patients given cryoprecipitate with
an admission fibrinogen level recorded, 22.9%, 7.4%, and 5.0% had a level below 150, 100,
and 80 mg/dL, respectively. Patients receiving cryoprecipitate were more likely to have
surgical intervention. Patients receiving cryoprecipitate received more total units of RBCs,
plasma and platelets at both 6 hours and 24 hours (Table 1).

Among coagulopathic patients (INR of 1.3 or greater), the pattern of significant differences
was similar to the pattern among all patients (Table 2). Among coagulopathic patients,
patients receiving cryoprecipitate had significantly higher ISS, heart rate, INR, PTT/PT, and
lactate and lower fibrinogen, TEG MA and a, hemoglobin, and hematocrit (Table 2).
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Multivariable predictors of cryoprecipitate use, adjusted for site as a random effect, included
admission fibrinogen < 100 mg/dL, hemoglobin as a continuous variable, and pelvic
bleeding (Table 3).

Among patients who received cryoprecipitate, the median number of units infused by 24
hours was 10 (IQR: 10-20) and the median time from admission to first cryoprecipitate unit
was 2.8 hours (IQR: 1.7-4.5 hours). The median number of units of RBCs, plasma, and
platelets at the time of first dose of cryoprecipitate received was 8 (IQR: 4-16), 6 (IQR: 3—
12), and 6 (IQR: 0-6) respectively. The median time from admission to receipt of any
fibrinogen from cryoprecipitate, plasma, or platelets was 70 minutes (IQR: 36-133 minutes).
Ninety-four percent of patients receiving fibrinogen from any source received plasma first,
5% received platelets first, and 1% received cryoprecipitate first. The distribution of the
ratio of grams of fibrinogen to units of RBC over time shows that 60% of patients received
fibrinogen from any source before 2 hours (Figure 1a). The distribution of the ratio of grams
of fibrinogen to units of RBC over time in patients with an INR > 1.3 shows that 80% of
patients received some fibrinogen by 3 hours after admission (Figure 1b).

Finally, in exploratory analyses, we examined the association of cryoprecipitate use on in-
hospital mortality in several different ways (Table 4); however none showed a significant
adjusted association of cryoprecipitate on survival. In general, regardless of how
cryoprecipitate was modeled, associations of cryoprecipitate on 6 hour mortality were near
the null or slightly protective. Associations for the 6—24 hour time interval were generally
less stable because of fewer deaths during the interval.

DISCUSSION

In this study, we found wide differences in practice exist in the use of cryoprecipitate at ten
level 1 trauma centers (Table 1), similar to the wide variability in blood product transfusion
practices found in a separate study.* Among these centers, use of cryoprecipitate varied
between 7 to 82%. In patients who suffered substantial bleeding, cryoprecipitate was infused
in only 37%. Patients who were transfused cryoprecipitate were more injured and
physiologically perturbed than those who were not. In PROMMTT patients, we could not
discern a survival advantage to cryoprecipitate transfusion.

Reviewing massive transfusion guidelines in effect at the start of PROMMTT (July 2009)
revealed a variety of potential practice standards for cryoprecipitate transfusion. Three sites
made no mention of cryoprecipitate in their guideline, and two sites transfused
cryoprecipitate based on the presence of ongoing bleeding and a fibrinogen <100 mg/dl. The
remaining five sites recommended transfusing cryoprecipitate after 6 to 15 units of RBCs
had been infused. Only one site had a stated fibrinogen goal (>100 mg/dl) after
cryoprecipitate infusion. Inclusion of cryoprecipitate in the massive transfusion protocols of
PROMMTT sites varied significantly and likely resulted in the wide variation in the actual
use of cryoprecipitate, justifying our adjustment for center as a random effect. How sites
actually complied with their existing guidelines is not known.

J Trauma Acute Care Surg. Author manuscript; available in PMC 2014 July 01.
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Supporting our impression that clinicians are unsure how to use cryoprecipitate and
therefore utilize the product “late,” the median time from admission to first cryoprecipitate
unit was 2.8 hours (IQR: 1.7-4.5 hours). This timing is similar to the median time to
hemorrhagic death in the overall PROMMTT study of 2.6 hours.8 Nascimento, et al. found
that cryoprecipitate was transfused at a median of 4.5 hours.1” These data suggest that
cryoprecipitate is infused very late, essentially as a last resort while the patient is dying.
Clinicians recognize this as “throwing the kitchen sink” at the patient in a last ditch effort to
save their patient. Interestingly, most patients suffering hemorrhagic death did not receive
cryoprecipitate. Of the 98 patients who died of exsanguination within 24 hours of admission,
67% never received any cryoprecipitate. Seventy-two percent of those who exsanguinated
within 6 hours of admission never received cryoprecipitate. It appears that the faster the
patients died, the less likely they were to receive cryoprecipitate.

It is also clear from our data that patients who do receive cryoprecipitate are more severely
injured, have lower admission fibrinogen and hemoglobin levels, are acidotic,
coagulopathic, and have a lower MA and a-angle on their admission thromboelastogram
(TEG) (Table 3). A study of admission TEG showed an association between increased
mortality and a-angle < 56 and MA< 55 (related to function of fibrinogen).3° In
PROMMTT 34 of 243 patients (14%) who received a TEG demonstrated a low a-angle or
MA and thus met criteria for rapid fibrinogen replacement within 15 minutes of admission.
All efforts to stop bleeding, interrupt this vicious cycle and restore the coagulation system
toward normal are important. Thus replacing lost fibrinogen stores with cryoprecipitate is
plausible.

The biologic plausibility of the beneficial effect of replacing fibrinogen is compelling.
Factor 1 (fibrinogen) is essential to hemostasis as it is converted by thrombin to fibrin.
Fibrinogen levels in non-injured humans average 2-3 g/L. Bleeding trauma patients rapidly
deplete their fibrinogen levels, reaching plasma levels of 1g/L or worse. While thawed
plasma is immediately available for resuscitation, it is difficult to raise fibrinogen levels
using plasma-based resuscitation alone because the fibrinogen content of FFP is 1.5 g/L.
Cryoprecipitate replenishment of fibrinogen levels in bleeding trauma patients is
theoretically possible; however there is huge variability in the fibrinogen content of this
product (between 7-30 g/L). Cryoprecipitate must also be thawed before it can be
transfused, leading to inherent delays.

Some studies have found an association between cryoprecipitate transfusion and survival.
Stinger, et al. found that transfusion of an increased fibrinogen:RBC ratio was independently
associated with improved survival to hospital discharge, primarily by decreasing death from
hemorrhage.10 Martini showed that lactated Ringers resuscitation causes an acute decrease
in fibrinogen concentration and clot strength, followed by increases in fibrinogen
concentration and clot strength within 24 hours due to an increase in fibrinogen synthesis
among hemorrhagic shock patients.32: 33 Fries and colleagues have championed the early
use of fibrinogen concentrates in rapidly bleeding trauma patients and have shown in animal
studies that infusion of fibrinogen concentrates will decrease blood loss after severe liver
injury.34 Sgrensen et al. also concluded that thromboelastometry is the preferred method of
measuring functional fibrinogen, especially when artificial colloids have been
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infused. 23:26. 36 Their group has also published a small randomized study, showing that
fibrinogen supplementation significantly decreased RBC transfusion after radical
cystectomy.26

Rourke and colleagues recently showed that fibrinogen depletion occurs in bleeding trauma
patients with acute traumatic coagulopathy and without replacement, worsens during
resuscitation.24 In this study they utilized a 1:1:1:2 ratio of FFP:platelets:cryo:RBCs, which
did not normalize the fibrinogen level. In this small study only 103 patients received > 4
units of RBCs and just 39 received cryoprecipitate. Because they were transfusing a
standardized ratio, they infused cryoprecipitate in nearly half the time than in the current
study, a median of 103 min (IQR, 78-134 min) from admission. Interestingly, only high-
dose supplementation of fibrinogen, either as cryoprecipitate or concentrate, was able to
correct the fibrinogen-related coagulopathy after 6-12 units of RBCs. Lower fibrinogen
levels were associated with poor outcomes, which seemed to improve with increasing
fibrinogen administration.

Finally, Ranucci and Solomon have published an interesting and provocative perspective on
the use of fibrinogen concentrate in patients with congenital fibrinogen deficiency versus
cryoprecipitate in patients with substantial bleeding and an acquired fibrinogen deficiency.2°
They feel that this constitutes a double standard and exposes bleeding patients to a product
with uncertain amounts of fibrinogen plus the risks of a pooled allogeneic product.

The strengths of this study are the multicenter prospectively acquired data collection,
documenting the wide variability in practice that exists at trauma centers in the US. We
successfully captured the timing of cryoprecipitate use in 359 bleeding trauma patients of
which 196 had an admission fibrinogen level. The main weakness is that by design, this
observational study did not prescribe a transfusion strategy, so the effect of either an early or
consistent transfusion plan could not be determined. Additionally, serial blood samples were
not collected, nor were additional fibrinogen levels recorded other than at admission. TEG
on admission was regularly used at only one center and thus little data are available.

Cryoprecipitate is transfused to replenish consumed or inactivated fibrinogen under the
assumption that this will strengthen clots and decrease bleeding. Unfortunately, there are
scant high-quality data supporting this practice, so poorly informed and highly variable
practice continues. In addition to infectious and immunologic risks similar to other blood
products, cryoprecipitate is pooled, thereby increasing the number of donor exposures.
Another issue regarding cryoprecipitate use is lag time between admission, recognition of
need, ordering the product, thawing and actual infusion. In the substantially bleeding patient
this lag time likely poses significant risk. Cryoprecipitate is still used in the US and UK, but
fibrinogen concentrates are now available in many countries and randomized trials are
ongoing. We await the results of these efforts. Lastly it is underappreciated how variable the
actual fibrinogen content is in cryoprecipitate. Future studies should include the
measurement of fibrinogen content prior to the transfusion of each product.

In conclusion, it appears that clinicians are unsure when to initiate cryoprecipitate therapy
and in what amount. This is largely due to the lack of convincing data demonstrating
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efficacy. Cryoprecipitate continues to be used because of its biologic plausibility, rather than
quality outcome data. Like many products without quality data guiding appropriate use,
cryoprecipitate is used late, or not at all, with 72% receiving no cryoprecipitate despite
bleeding to death. These observational data serve to describe the current state of practice and
as a foundation for a pilot intervention trial. Optimal use of cryoprecipitate (or fibrinogen
concentrates) is yet another area that requires prospective randomized data collection.
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Figure 1b

Figure 1.

Fibrinogen:RBC ratio over the first 24 hours after admission.

la. All PROMMTT patients

1b. PROMMTT patients with an admission INR > 1.3
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Table 3

Multivariable predictors of cryoprecipitate use in PROMMTT using logistic regression”
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Variable OR (95% CI) P-value
Admission fibrinogen < 100 mg/dL 3.8 (1.6-8.9) 0.003
Pelvic bleeding 2.0(1.1-3.7) 0.027
Hemoglobin g/dL 0.88(0.79-0.98) | 0.018

*

also adjusted for center as a random effect
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Table 4

Page 20

Cox proportional hazards models examining the association of cryoprecipitate with in-hospital mortality
during different time intervals?

Exposure of interest Population 6 hour mortality | 6 - 24 hour 24 hour - 30 day
mortality mortality
HR (95% CI) HR (95% CI) HR (95% Cl)
Time- dependent cryoprecipitatez All patients 1.07 (0.44-2.63) 1.75 (0.78-3.90) 1.08 (0.61-1.89)

Time- dependent cryoprecipitate2

Coagulopathic patients (INR=1.3)

0.84 (0.27-2.63)

1.45 (0.47-4.43)

1.41 (0.66-3.01)

of admission)

Early cryoprecipitate (within 2 hours

Coagulopathic patients (INR=1.3)

0.97 (0.47-2.01)

1.59 (0.48-5.28)

0.77 (0.27-2.15)

admission) 3

Early cryoprecipitate (within 1 hour of

Coagulopathic patients (INR=1.3)

0.73 (0.22-2.46)

1.70 (0.33-8.86)

0.89 (0.11-6.85)

Time- dependent fibrinogen2

All patients

1.08 (0.67-1.73)

0.91 (0.57-1.44)

1.15 (0.95-1.41)

1AII models are adjusted for ISS, center (as a random effect), and admission GCS, systolic blood pressure, pH, and hemoglobin

2Also adjusted for time dependent RBC, plasma, and platelets

3Also adjusted for receipt of plasma and platelets within 1 hour
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