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Early Cold Stored Platelet Transfusion Following Severe Injury
A Randomized Clinical Trial
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Sheila Mallett-Smith, DNP, RN,** Matthew D. Neal, MD,*
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Stephen R. Wisniewski, PhD,‡ and
the Cold Stored Platelet for Hemorrhagic Shock (CRISP-HS) Study Group

Objective: To determine the feasibility, efficacy, and safety of early
cold stored platelet transfusion compared with standard care
resuscitation in patients with hemorrhagic shock.

Background: Data demonstrating the safety and efficacy of early
cold stored platelet transfusion are lacking following severe injury.

Methods: A phase 2, multicenter, randomized, open label, clinical
trial was performed at 5 US trauma centers. Injured patients at risk
of large volume blood transfusion and the need for hemorrhage
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control procedures were enrolled and randomized. The intervention
was the early transfusion of a single apheresis cold stored platelet
unit, stored for up to 14 days versus standard care resuscitation. The
primary outcome was feasibility and the principal clinical outcome
for efficacy and safety was 24-hour mortality.

Results: Mortality at 24 hours was 5.9% in patients who were
randomized to early cold stored platelet transfusion compared with
10.2% in the standard care arm (difference, −4.3%; 95% CI, −12.8%
to 3.5%; P= 0.26). No significant differences were found for any of
the prespecified ancillary outcomes. Rates of arterial and/or venous
thromboembolism and adverse events did not differ across treat-
ment groups.

Conclusions and Relevance: In severely injured patients, early cold
stored platelet transfusion is feasible, safe and did not result in a
significant lower rate of 24-hour mortality. Early cold stored platelet
transfusion did not result in a higher incidence of arterial and/or
venous thrombotic complications or adverse events. The storage age
of the cold stored platelet product was not associated with sig-
nificant outcome differences.

Trial Registration: ClinicalTrials.gov identifier: NCT 04667468.

Keywords: cold stored platelets, hemorrhage, randomized, trau-
matic injury

(Ann Surg 2024;280:212–221)

T raumatic injury remains a leading cause of mortality for
individuals 45 years and younger and hemorrhage

remains the leading cause of potentially preventable death
postinjury.1–4 Despite improvements in trauma
resuscitation,5–8 the highest rate of mortality from hemor-
rhage occurs during the first hours after arrival to definitive
care,9,10 underscoring the importance of early interventions
which provide benefit.11–15

Early platelet transfusion is an essential component of
trauma resuscitation and is associated with attenuation of
endothelial barrier disruption, improved hemostasis, and
attributable survival in severely injured patients.7,16–21 The
storage temperature employed for platelets may affect
hemostatic function and can impact the platelet supply
due to shelf-life constraints.22–24 Cold stored platelets (1–6°
C) demonstrate improved hemostatic capabilities, may have
a lower risk of bacterial contamination, and can be utilized
for urgent transfusion for the acutely bleeding patient.25–30

Recent Food and Drug Administration (FDA) guidance
allows for the use of cold stored platelets with 14 days of
storage to treat active bleeding when conventional room
temperature platelets are not available, or their use is not
practical.31 Despite this recent guidance from the FDA,
there exists no robust clinical trial evidence demonstrating
the safety and efficacy of cold stored platelets (CSPs) in the
severely injured patient population at risk of hemorrhage.

The Cold Stored Platelet for Hemorrhagic Shock
(CriSP-HS) trial aimed to characterize the safety and
efficacy of incorporating early CSP transfusion in injured
patients at risk of hemorrhagic shock as compared with
standard care trauma resuscitation. We enrolled patients at
risk of hemorrhagic shock and allocated patients to early
CSP transfusion and concomitant standard care resuscita-
tion or standard care resuscitation alone. We hypothesized
that early CSP transfusion would be safe and associated
with clinical outcome benefits.

METHODS

Trial Design
The CriSP-HS study was a phase 2, multicenter, open

label, randomized clinical trial that compared outcomes in
patients at risk for hemorrhagic shock receiving CSP
transfusion and concomitant standard care resuscitation
versus standard care resuscitation alone. A total of 422
patients who arrived at one of 5 participating level 1 trauma
centers were screened for inclusion criteria and assessed for
eligibility. We enrolled 200 patients from June 23, 2022,
through September 7, 2023. The intervention arm received a
single apheresis unit of urgent release CSPs which was
transfused as soon as feasible, while concomitant standard
care resuscitation was occurring. Resuscitation in the
standard care arm followed standard procedures at each
participating site. We did not alter any other aspects of a
care besides the administration of early CSPs. Patients in the
standard care arm were not required to receive platelet
transfusion unless indicated by standard resuscitation
procedures at the enrolling site. The transfusion of CSPs
was not standard care for sites preceding or during
enrollment of the trial; room temperature platelets were
utilized as standard care when required. The trial protocol
can be found as a Supplemental Data File (Supplemental
Digital Content 1, http://links.lww.com/SLA/F93).

The US FDA (Investigational New Drug 19467), the
Office of Human Research Oversight of the US Department
of Defense, and the Human Research Protection Office at
the University of Pittsburgh approved the clinical trial. An
external data and safety monitoring board oversaw the trial.
The single institutional review board (IRB) at the University
of Pittsburgh, with review and acknowledgment from local
site IRBs, approved an exception from informed consent to
enroll participants. This approval included community
consultation and public disclosure/notification. We notified
enrolled participants and/or their legally authorized repre-
sentatives as soon as feasible and obtained consent for
continued participation.32 The study followed the Consoli-
dated Standard of Reporting Trials (CONSORT, Supple-
mental Digital Content 2, http://links.lww.com/SLA/F94
and Supplemental Digital Content 3, http://links.lww.com/
SLA/F95) reporting guideline.

Study Patient Population
We selected inclusion criteria to include a severely

injured population of patients at risk of hemorrhagic shock
and large volume transfusion. Injured patients arriving at a
participating trauma center were eligible for enrollment if
they met Assessment of Blood Consumption (ABC)
criteria33,34 (2 or more of the following): (1) hypotension
(systolic blood pressure≤ 90 mm Hg); (2) penetrating
mechanism of injury; (3) positive Focused Assessment for
the Sonography of Trauma (FAST) examination; (4) Heart
rate ≥ 120 and who within 60 minutes required a
hemorrhage control procedure in the operating room or
interventional radiology suite. Patients were eligible if they
met ABC criteria qualifying vital signs in the prehospital or
in-hospital phase of care. A FAST examination that was
deferred due to the expedient transport to the operating
room was considered as meeting one of the ABC criteria.33

Exclusion criteria included ages less than 15 years or more
than 90 years, fall from standing, penetrating brain injury,
> 5 minutes of cardiopulmonary resuscitation (CPR),
known prisoners or known pregnancy, isolated drowning
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or hanging victims, burns > 20% total body surface area,
objection to the study voiced by subject or family or wearing
a “No CriSP” opt-out bracelet.

Randomization and Matching
We generated a 1:1 ratio random allocation sequence

to either CSP arm or standard care arm with variable block
sizes of 4 to 6, stratified by site, using a computer random-
number generator. Predefined randomization assignment
envelopes were maintained within easy access in the trauma
bay or emergency department. Randomization was per-
formed by a member of the study team with randomization
cards in sealed envelopes after eligibility was confirmed at
the individual patient level and in real-time. Clinical
providers were unable to be masked to treatment assign-
ment. Arm assignment was concealed to outcome assessors.

Intervention and Comparison Arms
After meeting all inclusion and no exclusion criteria,

patients randomized to the CSP arm received a single
apheresis cold stored platelet unit prepared following all
FDA approved guidelines as soon as feasible.31 CSP units
were refrigerated within 4 hours of donation and were stored
in a monitored refrigerator at 1 to 6°C for up to 14 days
from the date of donation. The CSP unit was transfused as
soon as feasible in the trauma bay, during transport, or in
the operating theater or interventional radiology suite.
Participating site standard care resuscitation was performed
concomitantly.

Patients who met all inclusion criteria and no exclusion
criteria and who were randomized to the standard care arm
received the site’s standard care resuscitation. Standard care
arm patients were not required to received room temper-
ature platelet transfusion.

Outcomes
The primary outcome for the trial was feasibility,

including: the proportion of patients able to be randomized,
the proportion of eligible patients enrolled, the proportion

of patients enrolled with adherence to the study protocol
and the proportion of patients for whom the principal
clinical outcome of 24-hour mortality was obtained.

Our prespecified principal outcome for assessing safety
and efficacy for the trial was 24-hour mortality. Additional
secondary outcomes included 3-hour mortality, in-hospital
mortality, 30-day mortality, death from adjudicated hem-
orrhage, acute respiratory distress syndrome, time to
hemostasis, incidence of arterial or venous thromboembolic
events, laboratory coagulation assessment, and 24-hour
blood component transfusion requirements.

Achievement of hemostasis was defined when a patient
received a single unit or less of blood transfusion in any 60-
minute period in the first 4 hours from enrollment. Those
patients who did not reach this blood transfusion nadir were
considered to not have achieved hemostasis.

Prespecified subgroup analyzes for the 24-hour mortal-
ity outcome included: (1) patients who did or did not require
in-hospital blood transfusion; (2) patients who did or did not
require massive transfusion (≥ 10 U blood in first 24 hours);
(3) patients with and without significant traumatic brain
injury (head Abbreviated Injury Score—AIS > 2); (4)
patients who arrived from the scene of injury versus from
a referring hospital; and (5) patients who received CSPs with
an age since donation of ≤ 7 days as compared with 8 to
14 days.

Statistical Analysis
The feasibility of enrollment was evaluated by deter-

mining the proportion of patients in each feasibility
category. These proportions were estimated directly as the
observed ratio of numbers of patients, with 95% CIs being
calculated.

The principal intent-to-treat safety and efficacy anal-
ysis compared 24-hour mortality across the CSP and
standard care arms using a 2-sided Z-test for proportions.
The Kaplan-Meier curves were generated for each treatment
group and a log-rank test was used to compare the
distribution of the cumulative proportion. A logistic

FIGURE 1. Flow of patients
in the cold stored platelets in
hemorrhagic shock (CRISP-
HS) trial. Screening,
randomization, and follow-
up of the study participants.
All data and events before
refusal of consent for con-
tinued participation were
included in clinical outcome
comparisons.
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regression model was used to assess the independent impact
of the CSP intervention on 24-hour survival after controlling
for site of enrollment and the potential effects of baseline
characteristics with imbalance between treatment groups.

Analyzes to test for the homogeneity of the treatment
effect were carried out for the 4 prespecified randomized
subgroups. Regression models appropriate for the outcome
variable were used to test for the homogeneity of the
treatment effect. For the prespecified CSP age less than or
equal to 7 days versus 8 to 14 days old analyzes, outcomes
were compared across each age subgroup. Since the CSP age
was not randomly assigned, a propensity score was
generated as an indicator of the age of the CSP (≤ 7 vs
8–14 days) and multivariable regression models were used to
assess the independent relationship of age of the CSP
product on 24-hour mortality. All other secondary out-
comes were also compared across the CSP product age
groups.

We estimated there would be 80% power to detect a
14.2% difference using a mortality estimate of 23% in the
control arm, a type I error rate of 0.05, a 2-sided alternative
hypothesis, and 1 df with a sample size of 100 patients per
treatment arm.

RESULTS
A total of 422 patients were assessed for trial eligibility,

of which 384 met all inclusion and no exclusion criteria, with
200 patients being randomized, constituting the intent-to-
treat cohort. There were 184 patients who met all inclusion
criteria but were unable to be randomized due to staff or
product unavailability (Fig. 1). Of the 200 patients in the
intent-to-treat cohort, 102 were randomized to the early
CSP arm, and 98 were randomized to the standard care arm.
The primary and 24-hour mortality outcomes were available
for 102 (100%) patients in the CSP arm and 98 (100%)
patients in the standard care arm. Eleven patients in the CSP
arm and 16 patients in the standard care arm refused con-
sent for continued participation from secondary outcome
comparisons. All events before refusal of consent for con-
tinued participation were included in the analyzes. We
estimated a 24-month enrollment period for the study. We
completed the study after reaching our target enrollment of
200 patients after 15 months.

TABLE 1. Baseline Characteristics by Treatment Arm*

n/N (%)

Characteristics
Standard care

(N= 98)

Cold stored
platelets
(N= 102)

Age [mean (SD)] 35.3 (14.4) 34.4 (13.5)
Male sex 78/98 (80) 85/102 (83)
Race
White 18/98 (18) 28/102 (28)
Black 51/98 (52) 47/102 (47)
Other 13/98 (13) 13/102 (13)
Hispanic 13/98 (13) 20/102 (20)

SBP [median (IQR)] (mm Hg)
Initial 108.5 (84.5,

129.5)
99 (83, 140)

Highest 122 (102, 144) 127 (98, 148)
Lowest 93.5 (78, 117.5) 90 (78, 127)

HR [median (IQR)] (beats/min)
Initial 106 (86, 123) 112 (88, 130.5)
Highest 111.5 (93, 130) 116 (96.5, 135)
Lowest 95 (81.5, 117) 101 (75, 123)

Transport mode
Ground EMS 66/98 (67) 71/102 (70)
Air EMS 24/98 (24) 20/102 (20)
Does not apply† 5/98 (5) 4/102 (4)

Transferred from
Scene of accident/injury 65/98 (66) 73/102 (72)
Home 4/98 (4) 3/102 (3)
Other hospital 26/98 (26) 19/102 (19)

Mechanism of injury blunt 23/98 (23) 12/102 (12)
Fall 5/98 (5) 2/102 (2)
MVC occupant ejected 3/98 (3) 1/102 (1)
MVC occupant not

ejected
6/98 (6) 3/102 (3)

MVC motorcycle 5/98 (5) 3/102 (3)
MVCpedestrian 1/98 (1) 2/102 (2)
Struck by or against 3/98 (3) 1/102 (1)

Mechanism of injury
penetrating

76/98 (77) 90/102 (88)

Firearm 53/98 (54) 62 /102 (61)
Impalement 1/98 (1) 1/102 (1)
Stabbing 20/98 (20) 26/102 (25)
Other 2/98 (2) 1/102 (1)

AIS [median (IQR)]
Head and Neck AIS 0, (0, 0) 0, (0, 0)
Face AIS 0, (0, 0) 0, (0, 0)
Chest AIS 1.5 (0, 3) 0 (0, 3)
Abdomen AIS 3 (0, 4) 2 (0, 4)
External AIS 1 (0, 1) 1 (0, 1)
Extremity AIS 0 (0, 3) 0 (0, 3)

ISS‡ [median (IQR)] 17.5 (10, 29) 17 (9, 27)
TBI 9/98 (9) 6/102 (6)
Prehospital advanced

airway§
16/98 (16) 12/102 (12)

Supraglottic airway 2/98 (2) 1/102 (1)
Endotracheal intubation 14/98 (14) 11/102 (11)

Prehospital crystalloid/
colloid fluids§

42/98 (43) 36/102 (35)

Crystalloid/colloid
volume [median (IQR)]
(mL)

1000 (300, 1000) 700 (300, 2000)

Prehospital blood product§
Whole blood 6/98 (6) 6/102 (6)

Whole blood volume
[median (IQR)] (U)

1 (1, 1) 1.5 (1, 2)

Plasma 14/98 (14) 9/102 (9)
Plasma volume [median
(IQR)] (U)

2 (1, 2) 2 (2, 2)

Red blood cell 22/98 (22) 14/102 (14)

TABLE 1. (continued)

n/N (%)

Characteristics
Standard care

(N= 98)

Cold stored
platelets
(N= 102)

Red blood cell volume
[median (IQR)] (U)

2 (1, 3) 2 (1, 4)

Platelets 1/98 (1) 0/102 (0)

AIS indicates Abbreviated Injury Score; ED, emergency department;
EMS, Emergency Medical Services; HR, heart rate; IQR, interquartile range;
ISS, Injury Severity Score; MVC, motor vehicle crash; RR, respiratory rate;
SBP, systolic blood pressure; TBI, traumatic brain injury.

*No statistically significant differences were observed between baseline
characteristics.

†Not delivered to the ED by EMS.
‡The score range was 0 to 75. A score > 15 indicates major trauma.
§Provided by EMS during transport or at an outside ED before transfer.

Ann Surg � Volume 280, Number 2, August 2024 Early Cold Stored Platelets Following Severe Injury

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc. www.annalsofsurgery.com | 215
This paper can be cited using the date of access and the unique DOI number which can be found in the footnotes.



Enrolled patients had an average age of 34± 13 years,
were 85.0% male, were injured via a penetrating mechanism
78.5% of the time, had a median Injury Severity Score (ISS)
of 17 (interquartile range, 9–28) and had an all-cause
mortality of 8.0% within 24 hours postinjury. Surgeons
performed operative intervention in 97% of cases, while 3%
required interventional radiology hemorrhage control
procedures.

The assigned treatment regimen was provided to the
enrolled patient 98.0% of the time. For the CSP randomized
arm, 98 (96.1%) of the 102 patients received the early CSP
transfusion. In the standard care arm, 98 (100%) of the 98 of
patients received standard care resuscitation with 47 (48%)
patients receiving room temperature platelet transfusion.
The CSP and standard care arms were similar in demo-
graphics, injury characteristics and shock severity (Table 1).
When complete blood count of enrolled patients was com-
pared, the groups were also similar (Supplemental Digital
Content 4, Table 1S, http://links.lww.com/SLA/F96).

For the primary feasibility outcome, the proportion of
eligible patients who could be randomized was 91%, (95%
CI, 88.3%–93.7%), with 52.1%, (95% CI, 47.1%–57.1%)
being randomized and enrolled in the trial. The proportion
of enrolled patients with adherence to study protocol was
98%, (95% CI, 96.1%–99.9%). Finally, the proportion of
enrolled patients where the status of the principle clinical
outcome of 24-hour mortality was known/available was
100%.

At 24 hours after arrival, 6 deaths occurred in the CSP
arm and 10 deaths in the standard care arm. Patients
randomized to early CSP compared with standard care did
not significantly differ in the rate of 24-hour mortality (5.9%
vs 10.2%; difference, -4.3%; 95% CI, −12.8% to 3.5%;
P= 0.26). Kaplan-Meier survival curves demonstrate early
separation in curves which did not reach statistical
significance (log-rank χ2= 1.19, P= 0.27; Fig. 2). In a
binary logistic regression model controlling for site, the
assignment to the CSP arm did not significantly change the
odds of 24-hour mortality (adjusted odds ratio 0.56; 95% CI,
0.18–1.56; P= 0.27).

Mortality at 24 hours in the 4 prespecified randomized
subgroups is depicted in Figure 3. No heterogeneity of
treatment effect across any of the randomized subgroups
was found.

No group differences were found in 3-hour mortality
(difference, −1.3%, 95% CI, −9.1% to 6.3%; P= 0.72), in-
hospital mortality (difference, −2.7; 95% CI, −13.8% to
8.2%; P= 0.62) or 30-day mortality (difference, −2.7; 95%
CI, −13.8% to 8.2%; P= 0.62) (Table 2). No significant
differences were found in the incidence of death due to
hemorrhage (difference −0.5%; 95% CI, −8.7% to 7.4%;
P= 0.89), the incidence of ARDS (difference 2.8%; 95% CI,
−4.0% to 9.8%; P= 0.36) or in the incidence of arterial or
venous thromboembolic events (difference, −0.8%; 95% CI,
−10.2% to 8.3%; P= 0.86). There were no differences in the
achievement of hemostasis (difference, 0.3; 95% CI, −6.8 to
7.4; P= 0.94) or time to hemostasis (Supplemental Digital
Content 4, Figure 1S, http://links.lww.com/SLA/F96) across
the groups. There were no significant group differences in
coagulation measurements or differences in 24-hour blood
transfusion requirements. There were no documented trans-
fusion/allergic reactions in either arm of the trial.

The total number of adverse events and serious adverse
events was similar across CSP and standard care arms. The
number of serious adverse events with any relatedness was
also similar across the randomized groups (Table 3).

There was no association between 24-hour mortality
and the storage age of the cold stored platelet product
transfused after accounting for confounders via propensity
score adjustment (adjusted odds ratio, 1.4; 95% CI,
0.12–17.6; P= 0.77; Supplemental Digital Content 4,

FIGURE 3. Subgroup analysis for 24-hour mortality. A, Differ-
ences in 24-hour mortality in the 4 prespecified subgroups. B,
Twenty-four hour mortality differences with CIs. The black circles
represent the difference in 24-hour mortality and horizontal bars
represent the 95% CI. The difference was computed as 24-hour
mortality for CSP minus 24-hour mortality for SC. The 95% CIs are
exact (Clopper-Pearson) confidence limits. The gray dashed ver-
tical line represents a difference in 24-hour mortality of 0, indi-
cating no difference in 24-hour mortality between CSP and SC
treatment arms. P-values are for the interaction term between
treatment arms and subgroup in a logistic regression model with
24-hour mortality as the outcome. CSP indicates cold stored
platelets; SC, standard care; MT, massive transfusion; TBI, trau-
matic brain injury.

FIGURE 2. Kaplan-Meier survival analysis at 24-hour
postrandomization.
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Table 2S, http://links.lww.com/SLA/F96) When other sec-
ondary outcomes including laboratory measurements were
compared across the CSP age groups, no significant
differences were found (Table 4).

To verify any outcomes differences in those patients
who actually received platelet transfusion across the
randomized groups, we performed similar comparisons as
was done for the intent-to-treat analysis. There remained no
significant differences across the platelet transfused

randomized groups (Table 3S, Supplemental Digital Con-
tent 4, http://links.lww.com/SLA/F96).

Finally, when the time to first platelet transfusion was
compared across the randomized arms for those patients who
received platelets, patients randomized to CSP, due to the
urgent release capabilities of the product, received their platelet
transfusion significantly earlier than those in the standard care
arm from the time of randomization [median time (IQR) to
first platelet 31 (16, 53) vs 87 (45, 143) minutes, P< 0.01).

TABLE 2. Clinical Outcomes by Treatment Group

Unadjusted analysis Adjusted analysis

Clinical outcome
Standard Care
(N= 98) [n (%)]

Cold stored platelets
(N= 102) [n (%)]

Difference*
(95% CI) P

OR/difference†
(95% CI) P

Principle clinical outcome
24-h mortality 10 (10.2) 6 (5.9) −4.3% (−12.8, 3.5) 0.26 0.6 (0.2, 1.6) 0.27

Secondary clinical outcome
3-h mortality 7 (7.1) 6 (5.9) −1.3% (−9.1, 6.3) 0.72 0.9 (0.3, 2.9) 0.86
In-hospital mortality‡ 13/82 (15.8) 12/91 (13.2) −2.7% (−13.9, 8.2) 0.62 0.8 (0.3, 1.9) 0.62
30-day mortality ‡§ 13/82 (16) 12/91 (13) −2.7% (−13.9, 8.2) 0.62 0.8 (0.3, 1.9) 0.62
Mortality from hemorrhage 7 (7.1) 7 (6.9) −0.3% (−8.8, 7.4) 0.89 1.0 (0.3, 3.1) 0.99
ARDS 3/93 † (3.2) 6/100†(6.0) 2.8% (−4.0, 9.8) 0.36 2.2 (0.6, 11.0) 0.27
Allergic/transfusion reaction 0 (0) 0 (0) - -
Thromboembolic events 10/93†(10.8) 10/100† (10.0) −0.8% (−10.2, 8.3) 0.86 0.9 (0.4, 2.4) 0.85
Achieve hemostasis 91/98 (92.9) 95/102 (93.1) 0.3 (−6.8, 7.4) 0.94 1.1 (0.4, 3.2) 0.90

Initial rapid thromboelastography measurements∥¶ [median (IQR)]
Activated clotting time (sec) 105 (97, 113) 113 (105, 113) 8.0 (−8.0, 8.0) 0.79 0.5 (−11.2, 5.5) 0.49
K-time (min) 1.9 (1.3, 2.3) 2 (1.4, 2.2) 0.1 (−0.5, 0.5) 0.97 −0.2 (−0.7, 0.3) 0.39
Alpha angle (deg.) 69 (66, 73) 72 (67, 73) 3.0 (−2.0, 5.0) 0.56 1.4 (−2.2, 5.0) 0.43
Maximal amplitude (mm) 56.4 (51.1, 62.2) 57.7 (48.9, 63.6) 1.3 (−2.4, 3.4) 0.55 0.1 (−3.2, 3.5) 0.94
LY30 (%) 0.10 (0, 1.30) 0.35 (0, 1.25) 0.3 (0, 0.2) 0.27 −0.5 (−1.8, 0.9) 0.49

24-h rapid thromboelastography measurements∥# [median (IQR)]
Activated clotting time (sec) 121 (105, 121) 113 (97, 121) −8.0 (−16.0, 8.0) 0.45 −3.7 (−16.9, 9.5) 0.56
K-time (min) 1.6 (1.2, 2.6) 2.0 (1.4. 2.3) 0.4 (−0.6, 0.9) 0.70 0.1 (−0.8, 0.9) 0.90
Alpha angle (deg.) 73 (70, 76) 73 (69, 75) 0.0 (−7.0, 4.0) 0.67 0.3 (−6.0, 6.5) 0.93
Maximal amplitude (mm) 60.2 (56.6, 64.2) 57.4 (52.4, 64.6) −2.8 (−6.0, −0.4) 0.09 −2.5 (−6.2, 1.2) 0.18
LY30 (%) 0.3 (0, 2.1) 0.8 (0, 2.0) 0.6 (−0.2, 0.7) 0.75 −0.1 (−0.8, 0.7) 0.89

Initial coagulation measurements
Prothrombin time (sec)** 12.6 (11.6, 14.2) 12.9 (11.2, 4.3) 0.3 (−1.0, 0.6) 0.58 −0.1 (−0.8, 0.6) 0.74
International normalized ratio†† 1.1 (1.1, 1.2) 1.1 (1.0, 1.2) 0.0 (−0.1, 0.0) 0.46 0.0 (−0.1, 0.1) 0.73

24-h coagulation measurements
Prothrombin time (sec)‡‡ 13.9 (12.2, 15.8) 14.5 (12.6, 7.2) 0.6 (−0.6, 1.8) 0.29 0.4 (−0.6, 1.4) 0.82
International normalized ratio§§ 1.2 (1.1, 1.4) 1.3 (1.1, 1.4) 0.0 (−0.1, 0.1) 0.54 0.0 (−0.1, 0.1) 0.53

24-h transfusion requirements
Red cells (U) 5.5 (3, 9) 6 (2, 10) 0.5 (−1.0, 1.0) 0.94 0.1 (−2.6, 2.8) 0.95
Plasma (U) 5 (3, 9) 4 (2, 9) −1.0 (−1.0, 1.0) 0.75 0.2 (−2.3, 2.7) 0.85
Platelets (U) 1 (1, 3) 1 (1, 3) 0.0 (0.0, 0.0) 0.86 0.1 (−0.9, 1.1) 0.79
Whole cells (U) 1 (1, 2) 1 (1, 2) 0.0 (0.0, 1.0) 0.86 −0.4 (−1.9, 1.1) 0.56
Total (U) 10 (5, 18) 9.5 (5, 19) −0.5 (−3.0, 2.0) 0.92 0.1 (−5.3, 5.5) 0.98
Total (mL) 3089 (1547, 5333) 2881 (1456, 5876) −208 (−754, 754) 0.97 −8.3 (−1619, 1603) 0.99

OR indicates odds ratio.
*Difference in proportions (difference) or medians (Wilcoxon rank-sum test).
†Adjusted for study site.
‡Excluding 27 subjects who refused participation past 24-hour endpoint (16 in standard care arm and 11 in cold stored platelets arm).
§Patients with attempted follow-up without documented mortality at 30-days and with verified in-hospital survival considered alive (standard care, n= 10;

cold stored platelet, n= 14).
∥Thromboelastography measurements provide viscoelastic properties of a blood sample. Activated clotting time is the time in seconds between initiation of

the test and the initial fibrin formation and is increased with factor deficiency or severe hemodilution. The α-angle is the slope of the tracing that represents the
rate of clot formation, decreasing with hypofibrinogenemia or platelet deficiency. K-time is the time in minutes needed to reach 20 mm clot strength and is
generally increased with hypofibrinogenemia or platelet deficiency. The maximal amplitude is the greatest amplitude of the tracing and reflects platelet
contribution to clot strength. LY30 is the percent amplitude reduction at 30 minutes after the maximal amplitude and when elevated reflects a state of
hyperfibrinolysis.

¶Unavailable in 25 patients in the standard care group (n= 73) and 36 patients in the cold stored platelet group (n= 66).
#Unavailable in 52 patients in the standard care group (n= 46) and 55 patients in the cold stored platelet group (n= 47).
**Unavailable in 35 patients in the standard care group (n= 63) and 44 patients in the cold stored platelet group (n= 58).
††Unavailable in 35 patients in the standard care group (n= 63) and 44 patients in the cold stored platelet group (n= 58).
‡‡Unavailable in 47 patients in the standard care group (n= 51) and 61 patients in the cold stored platelet group (n= 41).
§§Unavailable in 47 patients in the standard care group (n= 51) and 61 patients in the cold stored platelet group (n= 41).
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DISCUSSION
Resuscitation strategies for the severely injured patient

at risk of hemorrhage continues to evolve, with a focus on
initiation of early blood product transfusion and hemostatic
adjuncts which have been shown to improve
outcomes.5,6,8,11,14,15 Early platelet transfusion for traumatic
bleeding has been demonstrated to be associated with lower
mortality and improved hemostasis.7,16,18,19,35 In 2019, the
military was afforded an FDA variance allowing the use of
CSPs out to 14 days for combat situations.36 In June, 2023,
The FDA approved cold stored platelet use for bleeding
when standard room temperature platelets are not available,
or their use is not practical for the civilian population.31 The
results of the current randomized, multicenter, phase 2,
clinical trial provides timely and vital evidence for the
feasibility and safety of early cold stored platelet transfusion
in patients with hemorrhage. The design of the trial
attempted to characterize the early transfusion of a platelet
product that can be provided early, in an urgent release
fashion, as well as the safety and efficacy of cold storage.
For the 200 patients enrolled in the trial, those who received
early cold stored platelets had a lower 24-hour mortality
rate difference that did not reach statistical significance.
Importantly, the study did not find a higher rate of arterial
or venous thromboembolism or a higher incidence of other
adverse events. The current results also provide evidence
suggesting the cold stored platelet product stored out to
14 days may be safe for the treatment of hemorrhage.

The ability to safely transfuse cold stored platelets for
the bleeding patient can dramatically augment the platelet
supply and represents the most efficient use of a precious
resource. Demand for blood products can exceed the
available inventory. Cold storage of platelets increases their
shelf-life currently to 14 days while lowering the risk of
bacterial contamination, expanding the available inventory

for patient care.24,28,30,37 CSPs have been demonstrated to
have improved hemostatic capabilities.26,27,38 Incorporation
of CSPs into the available armamentarium for the treatment
of injury-related hemorrhage has the potential to provide an
essential blood component for urgent transfusion with
similar or more robust hemostatic capabilities.22–24,30 Cold
storage also can improve accessibility in rural and austere
environments including combat and mass casualty situa-
tions that otherwise would have limited platelet transfusion
capabilities due to shelf-life restrictions.2,3,39

Room temperature platelets became the principal
platelet product available for transfusion since the early
1970’s due to their longer survival in circulation based upon
radioactive labeling experiments.40–42 The age of room
temperature stored platelets has also been previously
demonstrated to affect their hemostatic function.43–46 The
current results demonstrate similar outcomes and coagu-
lation measurements across patients who received cold
stored platelets within ≤ 7 days of donation relative to 8 to
14 days since donation. The current results also provide
preliminary evidence that the urgent release capability of a
cold stored platelet product may promote a shorter time to
first platelet transfusion for severely injured patients.

Strength and Limitations
The multicenter study has strengths including general-

izability across multiple trauma centers and geographic
regions and being randomized at the level of the patient.
Patients with a wide spectrum of injury characteristics were
enrolled. The study characterized the safety and efficacy of
the storage temperature of the platelet products, but also the
incorporation of early platelet transfusion into trauma
resuscitation practice as the standard care arm was not
required to receive room temperature platelet transfusion.
The results represent the first randomized evidence assessing
the safety and efficacy of CSPs in clinical practice following
injury. The adverse event monitoring and recording was
robust and demonstrated the safety of the transfusion
product. Although the current results focus on patients with
severe injury and concomitant hemorrhage, these results
may be applicable to other types of bleeding diatheses.
Other clinical trials characterizing the efficacy and safety of
CSPs in both injury-related populations and noninjury
cohorts are currently underway and will further expand our
understanding and the potential benefits attributable to CSP
transfusion.47,48

Limitations of the trial include its phase 2 design and
smaller sample size. The intervention could not be blinded
resulting in potential bias. There was a greater than expected
rate of penetrating mechanism of injuries enrolled and
overall mortality was lower than estimated.49 The trial was
powered based upon previous clinical trial data which
included a larger proportion of blunt injured patients with a
higher rate of mortality.5,6,8 In addition to a lower overall
mortality for the cohort, the current inclusion criteria
utilized resulted in a cohort of patients with a lower than
expected incidence of severe hemorrhage and coagulopathy.
Not all patients in the standard care arm received platelet
transfusion based upon standard practice at the enrolling
sites and this represents a potential confounding difference
across comparison groups for the intent-to-treat analysis.
There may be participating site differences which cannot be
controlled for by model adjustment alone. There were
differences in enrollment rates across participating sites. The
current trial utilized high volume, level 1, trauma centers

TABLE 3. Trial Adverse Events

Standard care
(N= 98)

Cold stored
platelets
(N= 102)

Adverse events total 68 61
Serious adverse events total 52 49
Individual serious adverse events with any relatedness
Coagulopathy 0 1
Pneumonia/VAP 1 1
Arterial thrombosis 1 1
Deep vein thrombosis 0 2
Pulmonary embolism 2 3
Transfusion-associated

cardiac overload
0 1

Serious adverse events with
any relatedness total

4 9

Adverse events were at the discretion of the treating physician. An
adverse event was any adverse reaction that was thought to be related in any
magnitude to the trial regimen. Serious adverse events were defined as any
adverse reaction that resulted in death, was life-threatening, resulted in pro-
longation of existing hospitalization or resulted in persistent or significant
disability or incapacity. Severity of an adverse event and relatedness was
adjudicated by the site investigator. Individual adverse events listed include
all designations other than “definitely not related” that were designated as
Serious. All relatedness and severity determinations occurred during trial
execution. Event relatedness and severity determinations were to be assessed
independently of the unblinded intervention. All pulmonary emboli, deep
vein thromboses, and arterial thromboses, irrespective of relatedness were
also compared as a formal secondary outcome.
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and the current results may not by applicable to trauma
centers with different attributes and capabilities. Missing
data limits the ability to draw conclusions from laboratory
measurements.

CONCLUSIONS
Cold stored platelets can be provided early, without

evidence of a higher rate of arterial or venous thromboemb-
olism, adverse events, or clinical outcome differences based
upon age of the platelet product out to 14 days following
donation. Early cold stored platelet transfusion of one

apheresis unit did result in a lower rate of 24-hour mortality
which did not reach statistical significance. There were no
significant differences in all other clinical outcomes.
Definitive phase 3 clinical trials are needed for definitive
comparison as the current results are not appropriately
powered for clinical outcomes. The current results provide
important safety information and further impetus to
characterize CSPs following severe traumatic injury and
demonstrates the need the characterize the safety and
efficacy of CSPs in non–injury-related populations. The
incorporation of urgent release cold stored platelets into
trauma resuscitation practice in patients at risk of

TABLE 4. Trial Clinical Outcomes by Age of Cold Stored Platelet Product

Cold stored platelets shelf time

Clinical outcome ≤ 7 d (n= 41) 8–14 d (n= 57) Difference* (95% CI) P

Principal clinical outcome
24-h mortality 1 (2.4) 2 (3.5) −1.1% (−10.1,10.1) 0.78

Secondary clinical outcome
3-h mortality 1 (2.4) 2 (3.5) −1.1% (−10.1, 10.1) 0.78
In-hospital mortality 4/39 (10.3) 5/49 (10.2) 0.1% (−13.5,15.7) 0.99
30-day mortality †‡ 4/39 (10.3) 5/49 (10.2) 0.1% (−13.5, 15.7) 0.99
Mortality from hemorrhage† 3/40 (7.5) 2/56 (3.6) 3.9% (−6.2, 16.9) 0.65
ARDS† 3/40 (7.5) 3/56 (5.4) 2.1% (−8.7, 15.6) 0.69
Allergic/transfusion reaction 0 (0) 0 (0) −
Thromboembolic events† 4/40 (10.0) 6/56 (10.7) −0.7% (−0.1, 0.2) 0.91

Initial rapid thromboelastography measurements§∥ [median (IQR)]
Activated clotting time (sec) 113 (105,117) 89 (89, 113) −24 (−31, 0) 0.06
K-time (min) 1.9 (1.45, 2.25) 1.4 (1.2, 2.0) −0.5 (−1, 0.4) 0.14
Alpha angle (deg.) 70.5 (65, 73) 73 (67, 76) 2.5 (−2, 11) 0.18
Maximal amplitude (mm) 57 (47.2, 62.0) 59.4 (50.9, 64.7) 2.4 (−6.6, 2) 0.27
LY30 (%) 0.3 (0, 1.9) 0.6 (0, 1.2) 0.3 (−0.6, 0.3) 0.84

24-h rapid thromboelastography measurements§¶ [median (IQR)]
Activated clotting time (sec) 113 (113, 121) 101 (97, 113) −12 (−47, 16) 0.41
K-time (min) 1.3 (1.1, 2.3) 2.1 (1.9, 2.2) 0.8 (−2.0, 1.2) 0.33
Alpha angle (deg.) 76 (69, 77) 71 (67, 73) −5 (−12, 12) 0.31
Maximal amplitude (mm) 57 (51.2, 64.6) 57.3 (53, 65) 0.3 (−6.4, −3) 0.41
LY30 (%) 0.8 (0, 2.1) 0.7 (0, 1.8) −0.1 (−0.9, 1) 0.78

Initial coagulation measurements
Prothrombin time (sec)# 12.5 (10.8, 13.8) 13 (11.6, 14.5) 0.5 (−1.8, 0.5) 0.25
International normalized ratio** 1.1 (1.1, 1.2) 1.1 (1.0, 1.3) 0 (−0.1, 0) 0.12

24-h coagulation measurements
Prothrombin time (sec)†† 14.3 (12.8, 17.1) 14.4 (12.8, 17.2) 0.1 (−2.7, 1.5) 0.64
International normalized ratio‡‡ 1.2 (1.1, 1.4) 1.3 (1.1, 1.4) 0.1 (−0.2, 0.1) 0.39

Transfusion requirements within 24 h
Red cells (U) 6 (3, 11) 6 (2, 9) 0 (−2, 3) 0.71
Plasma (U) 4.5 (2.5, 11.5) 4 (2, 8.5) −0.5 (−1, 3) 0.52
Platelets (U) 2 (1, 4.5) 1 (1, 2) −1 (−1, 2) 0.08
Whole blood (U) 1.5 (1, 3) 1 (1, 2) −0.5 (−3, 0) 0.44
Total (U) 11 (5, 21) 9.5 (4.5, 19) −1.5 (−3, 6) 0.60
Total (mL) 3,432 (1,599, 6,201) 2,881 (1,411, 5,612) −551 (−845, 1,833) 0.56

OR indicates odds ratio.
*Difference in proportions or medians (Wilcoxon rank-sum test).
†Excluding subjects who refused participation past 24-hour endpoint.
‡Patients with attempted follow-up without documented mortality at 30-days and with verified in-hospital survival considered alive (≤ 7 days, n= 9 ;

8–14 days, n= 5).
§Thromboelastography measurements provide viscoelastic properties of a blood sample. Activated clotting time is the time in seconds between initiation of

the test and the initial fibrin formation and is increased with factor deficiency or severe hemodilution. The α-angle is the slope of the tracing that represents the
rate of clot formation, decreasing with hypofibrinogenemia or platelet deficiency. K-time is the time in minutes needed to reach 20 mm clot strength and is
generally increased with hypofibrinogenemia or platelet deficiency. The maximal amplitude is the greatest amplitude of the tracing and reflects platelet
contribution to clot strength. LY30 is the percent amplitude reduction at 30 minutes after the maximal amplitude and when elevated reflects a state of
hyperfibrinolysis.

∥Unavailable in 12 patients in the ≤ 7 days group (n= 29) and 21 patients in the 8 to 14 days group (n= 36).
¶Unavailable in 22 patients in the ≤ 7 days group (n= 19) and 30 patients in the 8 to 14 days group (n= 27).
#Unavailable in 20 patients in the ≤ 7 days group (n= 21) and 21 patients in the 8 to 14 days group (n= 36).
**Unavailable in 20 patients in the ≤ 7 days group (n= 21) and 21 patients in the 8 to 14 days group (n= 36).
††Unavailable in 24 patients in the ≤ 7 days group (n= 17) and 34 patients in the 8 to 14 days group (n= 23).
‡‡Unavailable in 24 patients in the ≤ 7 days group (n= 17) and 34 patients in the 8 to 14 days group (n= 23).
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hemorrhagic shock is feasible and safe. Cold stored platelets
have the potential to expand the available platelet supply to
treat bleeding.
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