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Abstract

IMPORTANCE—Severely injured patients experiencing hemorrhagic shock often require
massive transfusion. Earlier transfusion with higher blood product ratios (plasma, platelets, and
red blood cells), defined as damage control resuscitation, has been associated with improved
outcomes; however, there have been no large multicenter clinical trials.

OBJECTIVE—To determine the effectiveness and safety of transfusing patients with severe
trauma and major bleeding using plasma, platelets, and red blood cells in a 1:1:1 ratio compared
with a 1:1:2 ratio.
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DESIGN, SETTING, AND PARTICIPANTS—Pragmatic, phase 3, multisite, randomized
clinical trial of 680 severely injured patients who arrived at 1 of 12 level | trauma centers in North
America directly from the scene and were predicted to require massive transfusion between
August 2012 and December 2013.

INTERVENTIONS—BIood product ratios of 1:1:1 (338 patients) vs 1:1:2 (342 patients) during
active resuscitation in addition to all local standard-of-care interventions (uncontrolled).

MAIN OUTCOMES AND MEASURES—Primary outcomes were 24-hour and 30-day all-cause
mortality. Prespecified ancillary outcomes included time to hemostasis, blood product volumes
transfused, complications, incidence of surgical procedures, and functional status.

RESULTS—No significant differences were detected in mortality at 24 hours (12.7% in 1:1:1
group vs 17.0% in 1:1:2 group; difference, —4.2% [95% ClI, —9.6% to 1.1%]; P = .12) or at 30
days (22.4% vs 26.1%, respectively; difference, —3.7% [95% CI, —10.2% to 2.7%]; P = .26).
Exsanguination, which was the predominant cause of death within the first 24 hours, was
significantly decreased in the 1:1:1 group (9.2% vs 14.6% in 1:1:2 group; difference, —5.4% [95%
Cl, -10.4% to —0.5%]; P = .03). More patients in the 1:1:1 group achieved hemostasis than in the
1:1:2 group (86% vs 78%, respectively; P = .006). Despite the 1:1:1 group receiving more plasma
(median of 7 U vs 5 U, P <.001) and platelets (12 U vs 6 U, P <.001) and similar amounts of red
blood cells (9 U) over the first 24 hours, no differences between the 2 groups were found for the
23 prespecified complications, including acute respiratory distress syndrome, multiple organ
failure, venous thromboembolism, sepsis, and transfusion-related complications.

CONCLUSIONS AND RELEVANCE—AmMmong patients with severe trauma and major
bleeding, early administration of plasma, platelets, and red blood cells in a 1:1:1 ratio compared
with a 1:1:2 ratio did not result in significant differences in mortality at 24 hours or at 30 days.
However, more patients in the 1:1:1 group achieved hemostasis and fewer experienced death due
to exsanguination by 24 hours. Even though there was an increased use of plasma and platelets
transfused in the 1:1:1 group, no other safety differences were identified between the 2 groups.

TRIAL REGISTRATION—clinicaltrials.gov Identifier: NCT01545232

In the United States, injury is the leading cause of death among individuals between the ages
of 1 and 44 years, it is the leading cause of years of life lost for those younger than 75 years,
and it is the third leading cause of death overall.! Deaths from injury have increased 23%
during the last decade.? Approximately 20% to 40% of trauma deaths occurring after
hospital admission involve massive hemorrhage from truncal injury and are potentially
preventable with rapid hemorrhage control and improved resuscitation techniques.3

Damage control resuscitation is defined as rapid hemorrhage control through early
administration of blood products in a balanced ratio (1:1:1 for units of plasma to platelets to
red blood cells [RBCs]; a ratio that is the closest approximation to reconstituted whole
blood), prevention and immediate correction of coagulopathy, and minimization of
crystalloid fluids.* Damage control resuscitation was developed to treat intravascular
volume deficits, the acute coagulopathy of trauma, preserve oxygen-carrying capacity, repair
the endothelium, and prevent dilutional coagulopathy.*>
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Damage control resuscitation was codified as a US Department of Defense clinical practice
guideline in 2004% and has become the standard of care for battlefield resuscitation that is
now used in many civilian trauma centers. Damage control resuscitation principles have
been associated with improved outcomes compared with more traditional transfusion
practices.”~12 Conversely, other studies have reported beneficial outcomes across a wider
range of blood product ratios or goal-directed approaches.13:14 However, concerns about the
safety of exposing injured patients to large amounts of plasma-containing blood products
were difficult to address in previous retrospective studies.

There are no large, multicenter, randomized clinical trials with survival as a primary end
point that support optimal trauma resuscitation practices with approved blood products. As a
result, there are multiple and often conflicting recommendations promulgated by various
organizations.1>18 The Prospective Observational Multicenter Major Trauma Transfusion
(PROMMTT) study demonstrated that clinicians generally were transfusing patients with a
blood product ratio of 1:1:1 or 1:1:2 and that early transfusion of plasma (within minutes of
arrival to a trauma center) was associated with improved 6-hour survival after
admission,10.19

The Pragmatic, Randomized Optimal Platelet and Plasma Ratios (PROPPR) trial was
designed to address the effectiveness and safety of a 1:1:1 transfusion ratio compared with a
1:1:2 transfusion ratio in patients with trauma who were predicted to receive a massive
transfusion.

Study Design and Intervention

A pragmatic, phase 3, multisite, randomized trial, the PROPPR study compared the
effectiveness and safety of a 1:1:1 transfusion ratio of plasma, platelets, and RBCs to a 1:1:2
ratio.20 Patients were randomized within each site, and the intervention consisted of
containers of blood products prepared by each site’s blood bank and delivered to the bedside
within 10 minutes (DJ Novak et al and the PROPPR Study Group, unpublished data, 2015;
Supplement 1). The initial container was sealed to blind the physicians to treatment
assignment. The patient was declared randomized when the seal was broken. The blood
products were transfused in a prespecified order designed to maintain the appropriate
assigned ratio.

All containers for the 1:1:1 group included 6 U of plasma, 1 dose of platelets (a pool of 6 U
on average), and 6 U of RBCs, which were transfused in the following order: platelets first,
then alternating RBC and plasma units. The initial and all subsequent odd-numbered
containers for the 1:1:2 group included 3 U of plasma, 0 doses of platelets, and 6 U of
RBCs, which were transfused in the following order: alternating 2 U of RBCs and 1 U of
plasma. The second and all subsequent even-numbered containers included 3 U of plasma, 1
dose of platelets (a pool of 6 U on average), and 6 U of RBCs, which were transfused in the
following order: platelets first, then alternating 2 U of RBCs and 1 unit of plasma. Patients
with multiple intravenous lines could receive blood products simultaneously, otherwise
patients received products sequentially.

JAMA. Author manuscript; available in PMC 2015 August 03.
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Transfusion of all study blood products was stopped when clinically indicated, irrespective
of ratio or partial blood container use.2% Transfusion of study blood products ended in
several ways: achievement of hemostasis, death, declaration of treatment futility, no need for
further blood products after randomization, or protocol violations.

No other resuscitation, pharmacological, or clinical treatment was controlled by the trial
protocol (Supplement 1). The study was approved by the US Food and Drug Administration
(FDA) (Investigational New Drug No. 14929), Health Canada, the Department of Defense,
and all site institutional review boards. In addition, the study was monitored by an external
data and safety monitoring board appointed by the National Heart, Lung, and Blood Institute
and used exception from informed consent, including community consultation with delayed
patient or legally authorized representative consent.!

Study Population

Patients included in the PROPPR trial were severely injured and met the local criteria for
highest level trauma activation at 1 of 12 participating level I trauma centers in North
America. These site-specific criteria, reviewed by the American College of Surgeons, are
based on heart rate, blood pressure, respiratory rate, and mechanism of injury and are used
clinically to ensure trauma teams are present before these critically injured patients arrive at
the emergency department. The research personnel were notified along with the trauma
teams. The goal was to rapidly enroll patients with severe hemorrhage who were
nonmoribund, regardless of injury type.

To facilitate rapid identification of patients with severe bleeding, inclusion criteria included
the patient having at least 1 U of any blood component transfused prior to hospital arrival or
within 1 hour of admission and prediction by an Assessment of Blood Consumption score22
of 2 or greater or by physician judgment of the need for a massive transfusion (defined as
=10 U of RBCs within 24 hours). The complete inclusion and exclusion criteria are listed in
the Box.

Box

Inclusion and Exclusion Criteria for the Pragmatic, Randomized Optimal
Platelet and Plasma Ratios (PROPPR) Trial

Eligible Patients Met All of the Following

Highest trauma level activation

Estimated age of 15 years or older or weight of 50 kg or greater if age unknown
Received directly from the injury scene

Initiated transfusion of at least 1 U of blood component within the first hour of arrival or
during prehospital transport

Predicted to receive a massive transfusion by exceeding the threshold score of either the
Assessment of Blood Consumption score of 2 or greater or based on the attending trauma
physician’s judgment

JAMA. Author manuscript; available in PMC 2015 August 03.
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Patients Who WereIneligible Met at L east 1 of the Following
Received a lifesaving intervention from an outside hospital or health care facility

Had devastating injuries and expected to die within 1 hour of admission (eg, lethal
traumatic brain injury)

Directly admitted from a correctional facility

Required a thoracotomy prior to receiving randomized blood products in the emergency
department

Younger than 15 years or weighed less than 50 kg if age unknown
Known pregnancy in the emergency department

Had burns covering greater than 20% total body surface area
Suspected inhalation injury

Received greater than 5 consecutive minutes of cardiopulmonary resuscitation (with
chest compressions) prior to arriving at the hospital or within the emergency department

Known do-not-resuscitate order prior to randomization
Enrolled in a concurrent, ongoing, interventional, randomized clinical trial

Activated the opt-out process for the PROPPR trial (usually by wearing a bracelet given
out at a community consent presentation)

More than 3 U of red blood cells given before randomization

Outcomes and Other Variables of Interest

The primary outcomes included absolute percentage group differences for 24-hour and 30-
day mortality. These 2 outcome measures tested 2 separate questions regarding short-term
effectiveness and long-term safety without adjustment for multiple comparisons per
protocol.23 Each death was adjudicated by a clinician blinded to group assignment and
external to the trial site and 1 or more causes of death were assigned.

Ancillary outcomes were prespecified to evaluate the effectiveness and safety of the
transfusion ratios and included (1) time to hemostasis; (2) the number and type of blood
products used from randomization until hemostasis was achieved; (3) the number and type
of blood products used after hemostasis was achieved up to 24 hours postadmission; (4) 23
complications; (5) hospital-, ventilator-, and ICU-free days (within the first 30 days or
hospital discharge, whichever occurred first); (6) incidence of major surgical procedures;
and (7) functional status at hospital discharge or 30 days, whichever occurred first, as
measured by discharge destination and Glasgow Outcome Scale-Extended.

Blood product ratios were calculated as 2 separate ratios: plasma to RBCs and platelets to
RBCs. For example, a 1:1 ratio of plasma to RBCs is equivalent to 1.0 and represents equal
total units of plasma and RBCs within the specified interval. A 1:2 ratio is equivalent to 0.5
and represents twice as many total RBC units as plasma units. Ratios for patients who

JAMA. Author manuscript; available in PMC 2015 August 03.
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received no RBCs within a specified interval cannot be calculated because the denominator
is zero, and therefore are not included in the calculation of cumulative ratios of blood
products in that interval.

Race and Hispanic ethnicity were collected by patient self-report or hospital staff
determination and were included to identify disparities in treatment or outcome. The Injury
Severity Score is an anatomic scoring system used for patients with multiple injuries,
correlates with mortality, and has a range of 0 (uninjured) to 75 (usually unsurvivable
injuries).2# The critical administration threshold represents the trauma subset at highest risk
of hemorrhagic mortality?® and denotes patients receiving more than 3 U of RBCs within at
least 1 hour during the first 24 hours after admission. The Assessment of Blood
Consumption score has a range of 0 to 4 with scores of 2 or greater associated with the need
for a massive transfusion.22

Anatomic hemostasis in the operating room was defined as an objective assessment by the
surgeon indicating that bleeding within the surgical field was controlled and no further
hemostatic interventions were anticipated. In the interventional radiology suite, anatomic
hemostasis was defined as achieving resolution of contrast blush after embolization.

The initial sample size of 580 was planned to detect a clinically meaningful 10% difference
in 24-hour mortality (11% vs 21%) and a 12% difference in 30-day mortality (23% vs 35%),
which was supported by prior data.26:27 Sample size was increased to 680 by the data and
safety monitoring board according to the trial’s adaptive design. With 680 patients and given
the final observed mortality proportions in the 1:1:1 group, the PROPPR trial had 95%
power to detect the prespecified 10% difference at 24 hours and 92% power to detect the
prespecified 12% difference at 30 days, if such differences existed.

Statistical Analysis

Results

The primary analysis separately compared 24-hour and 30-day mortality in the 2 transfusion
ratio groups using a 2-sided Mantel-Haenszel test adjusting for site. For the 4 patients
missing a primary outcome, a sensitivity analysis using all possible combinations (n = 16) of
outcomes was performed and a range of intent-to-treat P values for the hypothetical Mantel-
Haenszel tests are presented.?8 The critical level for significance (P < .044) was adjusted for
2 interim analyses, and all tests were conducted using 2-sided tests.29 In Cox analyses, the 4
patients missing a 30-day outcome were censored at the last known follow-up time.39 Lack
of protocol compliance was measured by the per-patient percentage of blood products given
out of order. A sensitivity analysis compared treatment groups excluding these patients.

All analyses were generated using SAS version 9.3 (SAS Institute Inc). Additional details
regarding the study design and analysis were published previously.20

From August 3, 2012, to December 2, 2013, a total of 14 313 highest-level trauma
activations occurred at the 12 enrolling sites, of which 78% were screened. A total of 680
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patients were randomized (338 to the 1:1:1 group and 342 to the 1:1:2 group; Figure 1).
Randomized blood products were transfused to 669 patients. No differences were detected
between treatment groups in baseline characteristics (Table 1).

The majority of patients were male with similar ages in both groups. Patients in both groups
were profoundly injured with a median Injury Severity Score of 26 and severely bleeding
based on the critical administration threshold (87% positive based on this threshold overall).
The initial hemoglobin level was 11.7 g/dL (37% had hemoglobin levels <11 g/dL) in the
1:1:1 group and 11.9 g/dL (38.8% had hemoglobin levels <11 g/dL) in the 1:1:2 group.
Seventy-five percent of patients required an interventional radiology or operating room
procedure within 2 hours of admission (data not shown).

The primary trial outcomes of mortality at 24 hours and 30 days were obtained on 100% and
99.4% of patients, respectively. No significant differences in mortality were detected at 24
hours (12.7% in the 1:1:1 group vs 17.0% in the 1:1:2 group; difference, —4.2% [95% CI,
-9.6% to 1.1%) or at 30 days (22.4% vs 26.1%, respectively; difference, —3.7% [95% ClI,
-10.2% to 2.7%) (Table 2).3! The range of intent-to-treat P values computed for all possible
combinations of 30-day outcomes for the 4 patients with missing values did not change
these results. The P values ranged from 0.21 to 0.36 (eTable 1 in Supplement 2). The
Kaplan-Meier curves (Figure 2) show a separation in survival between the 2 treatment
groups across the follow-up period, but the difference was not significant (unadjusted log-
rank test, P =.21).

Sensitivity analyses excluding patients who received blood products given out of order
yielded results similar to the main analysis. The mean percentages of intervention units
given out of order per patient (protocol noncompliance) were significantly lower in the 1:1:1
group (4%; 95% ClI, 3.2%-5.7%) vs the 1:1:2 group (7%; 95% ClI, 6.1% to 8.5%) (P = .01).

Exsanguination, the predominant cause of death within the first 24 hours, was decreased in
the 1:1:1 group (9.2%) vs the 1:1:2 group (14.6%) (difference, —5.4% [95% CI, —10.4% to
-0.5%], P =.03); the median time to death due to exsanguination was 106 minutes
(interquartile range [IQR], 54 to 198 minutes) and 96 minutes (IQR, 43 to 194 minutes),
respectively. From 24 hours through 30 days, the numbers of additional all-cause deaths
were similar (32 for the 1:1:1 group vs 31 for the 1:1:2 group). Over 30 days, deaths due to
exsanguination occurred in 10.7% of patients in the 1:1:1 group vs 14.7% in the 1:1:2 group,
whereas deaths due to traumatic brain injury were 8.1% vs 10.3%, respectively. Additional
causes of death were infrequent and are shown in Table 3. More patients achieved anatomic
hemostasis in the 1:1:1 group (86.1% vs 78.1% in the 1:1:2 group, P = .006) with a median
time of 105 minutes (IQR, 64 to 179 minutes) vs 100 minutes (IQR, 56 to 181 minutes),
respectively (P = .44) in those who achieved anatomic hemostasis (Table 2).

Cumulative transfusion ratios and the distribution of blood product amounts

(prerandomization, during the intervention, and postintervention) are shown in Figure 3 and
Figure 4. During the intervention, patients received median ratios of plasma to RBCs of 1.0
in the 1:1:1 group and 0.5 in the 1:1:2 group. The median ratios of platelets to RBCs during
the intervention were 1.5 for the 1:1:1 group and 0.4 for the 1:1:2 group. Higher cumulative
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plasma and platelet ratios in the 1:1:2 group vs the 1:1:1 group were seen during the
postintervention period.

Similar amounts of total blood products (median of 2 U) were delivered prerandomization to
both groups (eFigure in Supplement 2). The median total blood product amounts transfused
were 16 U in the 1:1:1 group and 15 U in the 1:1:2 group during the intervention period.
Patients in the 1:1:1 group received fewer blood products during the postintervention period
than the 1:1:2 group (median of 1 U vs 2 U, respectively). The median total for blood
products transfused up to 24 hours after admission was 25.5 U in the 1:1:1 group and 19 U
in the 1:1:2 group. Total plasma (median of 7 U in the 1:1:1 group vs 5 U in the 1:1:2 group,
P <.001) and platelets (12 U vs 6 U, respectively, P < .001) transfused within the first 24
hours were higher in the 1:1:1 group, but similar for RBCs (9 U) (eTable 2 in Supplement
2). Use of tranexamic acid and other procoagulants was similar.

Differences were not detected in any of the 23 complications at 30 days (Table 4), including
acute respiratory distress syndrome, multiple organ failure, venous thromboembolism,
sepsis, and transfusion-related complications. The overall rate of complications was high
(89% of patients). One patient in the 1:1:1 group died from transfusion-associated
circulatory overload. Significant differences between groups in the other ancillary outcomes
focusing on safety were not detected and are shown in Table 2.

Discussion

Transfusion for patients with severe trauma and major bleeding has been predominantly
guided by tradition rather than evidence from large, multicenter randomized trials. Over the
last decade, transfusion therapy has undergone a significant change with many patients
receiving less crystalloid and early, more balanced transfusion ratios attempting to
reconstitute whole blood.4-12.27.32-41 This change has largely been associated with

decreased transfusion amounts, fewer inflammatory complications, and improved
survival 4-12.27,32-41

To our knowledge, the PROPPR trial was the first multi-center randomized trial using
approved blood products to compare 2 transfusion ratios with mortality as the primary end
point. Among the 680 patients predicted to receive a massive transfusion and transfused
with a 1:1:1 or 1:1:2 ratio, no significant differences in overall mortality at 24 hours or 30
days were detected. However, more patients achieved hemostasis in the 1:1:1 group, fewer
patients died of exsanguination, and this transfusion ratio appears to be safe. Results from
the PROMMTT study showed that earlier use of higher amounts of plasma and platelets
(albeit without consistent ratios) was associated with improved survival during the first 6
hours after admission.10:19 Data from the PROPPR trial evaluated the effect of early
transfusion of different but consistent ratios in patients predicted to receive a massive
transfusion. Taken together, these data support early (within minutes of hospital arrival) use
of a 1:1:1 transfusion ratio in patients with rapid bleeding.

Despite significant concerns that the 1:1:1 group would experience higher rates of multiple
inflammatory-mediated complications such as acute respiratory distress syndrome, multiple
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organ failure, infection, venous thromboembolism, and sepsis,13:14:42-45 ng differences were
detected between the 2 treatment groups. Furthermore, the rates of multiple organ failure
(5%) and acute respiratory distress syndrome (14%) were lower than in recent studies in
similarly injured patient populations,*6:4” which may be attributable to delivering blood to
the bedside earlier (median of 8 minutes)29 and limited crystalloid exposure (median, 6.3—
6.6 L) during the first 24 hours of care. In this trial, the early availability of blood products
administered within minutes of arrival using a transfusion ratio of 1:1:1 was associated with
more patients achieving hemostasis and decreased hemorrhage-related deaths over the first
24 hours with no differences in complications. Therefore, patient safety was not
compromised over 30 days.

Transfusing patients based on an empirical ratio rather than guided solely by laboratory data
(goal-directed) is considered controversial by some researchers.44:4548 This trial was not
designed to study this question. However, after the controlled, ratio-driven intervention was
completed, clinicians treated patients based on local laboratory-guided standard-of-care
practice.49 It appears that laboratory-directed catching up occurred in the 1:1:2 group with
plasma and platelets approaching a cumulative ratio of 1:1:1. Other studies have shown
similar results with laboratory-directed resuscitation.! This catching up after the completion
of randomized blood product transfusion may have decreased the ability to detect
differences in mortality at 24 hours and 30 days or in the prespecified ancillary outcomes.

The concepts of damage control resuscitation and data from the PROMMTT study formed
the biological basis of the PROPPR trial, ie, both early initiation (within minutes of arrival)
and increased ratios of plasma and platelets would decrease death from hemorrhage by
improving hemostasis.*-12:27:32-41 Recent trauma resuscitation studies have demonstrated
that most early deaths due to hemorrhage occur within 2 to 3 hours.3:10:27.50.51 The
PROMMTT study demonstrated a median time to hemorrhagic death from admission of 2.6
hours,10 and in the PROPPR trial, the median time was 2.3 hours. In recognition of the
known physiology of patients with major bleeding, the FDA recently recommended moving
the end point of hemostasis in a pivotal phase 3 prothrombin complex concentrate trial to
within 4 hours of the intervention.>2 These data support recent recommendations by the
FDA to include a 3-hour end point for intervention studies focusing on traumatic
hemorrhage.53

In the current study, the FDA only allowed 2 separate primary end points (24 hours and 30
days) in recognition of the assumed time frame of death from hemorrhage after injury.3:10.54
However, most outcomes relevant to hemorrhage control occurred early (within the initial
2-3 hours after randomization). Thereafter, the number of patients who died was similar
between groups, explaining the diminished effects at 24 hours and 30 days. This pattern of
traumatic death is consistent with previous randomized resuscitation studies,51:55.56

This trial had a number of strengths. The trial addressed most of the limitations found in
previous randomized trauma resuscitation trials, including lack of blinded treatment
assignment, enrollment after bleeding slowed, survival and selection biases, and small
sample size.*8:55-61 The trial was performed under exception from informed consent so that
patients with severe bleeding could be enrolled rapidly and required that all blood products
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be immediately available for infusion within 10 minutes of calling the blood bank
(Supplement 1). The selection criteria used in this study resulted in the rapid enrollment of
patients who were severely bleeding, critically injured, in shock, and transfused with a
median greater than 19 U of blood products. Separation of the ratio groups was maintained
during the intervention period.

Another strength of the trial was the high degree of compliance with treatment protocols
while simultaneously caring for patients with severe injuries. Follow-up at 24 hours was
complete in both intervention groups, and only 4 patients were lost to follow-up at 30 days.
Additionally, we blinded clinicians to treatment assignment until infusion of randomized
products and used direct observation for accurate data collection of blood product delivery.

Limitations include power to detect differences smaller than the effect size we considered to
be both clinically meaningful and affordable to study when we designed the trial. The
PROPPR trial had 95% power to detect the prespecified 10% difference at 24 hours and
92% power to detect the prespecified 12% difference at 30 days, if such differences existed.
As in many studies, observed mortality in the comparison group (1:1:2) was lower than
expected, whereas in the 1:1:1 group, observed mortality was similar to what was projected.
A total sample size of 2968 would have been required to detect the observed difference of
4.2% given the observed 24-hour mortality of 12.7% in the 1:1:1 group with 90% power. A
further limitation is the inability to independently examine the effects of plasma and
platelets on outcomes. To enroll patients with massive bleeding, the protocol required
transfusion of at least 1 U of any blood product and no more than 3 U of RBCs prior to
randomization, resulting in an inability to use randomized blood products starting with the
first transfusion.

Even though the study was blinded until the opening of the containers, another limitation
was that clinicians could not be blinded after the containers were opened without altering
patient care. This trial was also limited by an inability to completely exclude patients with
an unsurvivable brain injury; 23% of deaths at 24 hours and 38% of all deaths at 30 days
were associated with traumatic brain injury. Last, the issue of competing risks of death from
hemorrhage and traumatic brain injury in trauma studies that require rapid enrollment before
definitive diagnosis of all major injuries is well-known and will continue to be an issue in
future trauma studies unless novel regulatory, study design, or technological solutions are
developed to solve this issue.354

Given the lower percentage of deaths from exsanguination and our failure to find differences
in safety, clinicians should consider using a 1:1:1 transfusion protocol, starting with the
initial units transfused while patients are actively bleeding, and then transitioning to
laboratory-guided treatment once hemorrhage control is achieved. Future studies of
hemorrhage control products, devices, and interventions should concentrate on the
physiologically relevant period of active bleeding after injury and use acute complications
and later deaths (24 hours and 30 days) as safety end points.
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Conclusions

Among patients with severe trauma and major bleeding, early administration of plasma,
platelets, and RBCs in a 1:1:1 ratio compared with a 1:1:2 ratio did not result in significant
differences in mortality at 24 hours or at 30 days. However, more patients in the 1:1:1 group
achieved hemostasis and fewer experienced death due to exsanguination by 24 hours. Even
though there was an increased use of plasma and platelets transfused in the 1:1:1 group, no
other safety differences were identified between the 2 groups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Jeffrey D. Kerby, MD, PhD, Patrick L. Bosarge, MD, Albert T. Pierce, MD, Carolyn R.
Williams, RN, BSN, BSME, Shannon W. Stephens, EMTP, Henry E. Wang, MD, MS,
Marisa B. Marques, MD. Oregon Health & Science University: Martin A. Schreiber, MD,
Jennifer M. Watters, MD, Samantha J. Underwood, MS, Tahnee Groat, MPH, Craig
Newgard, MD, MPH, Matthias Merkel, MD, PhD, Richard M. Scanlan, MD, Beth Miller,
MT(ASCP)SBB. Sunnybrook Health Science Center: Sandro Rizoli, MD, PhD, Homer Tien,
MD, Barto Nascimento, MD, MSc, CTBS, Sandy Trpcic, Skeeta Sobrian-Couroux, RN,
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11185 Patients assessed for eligibility

10505 Excluded
7027 Did not receive at least 1 U of a blood component within
the first hour after arrival or during prehospital transport
1655 Not received directly from the injury scene
882 Not predicted to receive a massive transfusion
277 Age <15y (or weight <50 kg)
154 Patient improved, did not require further transfusion
>| 130 Devastating injury, expected to die within 1 h of ED admission
129 PROPPR products not given within 2-h period
65 Patient did not require highest level of trauma activation
49 Received CPR for >5 min
48 Required an emergency thoracotomy
36 Institutionalized in prison
32 Fourth unit of RBCs was transfused before randomization
21 Other reasons?

680 Randomized

338 Randomized to 1:1:1 group 342 Randomized to 1:1:2 group
A\ A\
24-h Mortality 24-h Mortality
3 Withdrew consent® 2 Withdrew consent?
0 Lost to follow-up 0 Lost to follow-up
338 Included in mortality analysis 342 Included in mortality analysis
Y A
30-d Mortality 30-d Mortality
18 Withdrew consent? 17 Withdrew consent?
3 Lost to follow-up 1 Lost to follow-up
338 Included in mortality analysis 342 Included in mortality analysis

Figure 1. Flow of Patientsin the Pragmatic, Randomized Optimal Platelet and Plasma Ratios
(PROPPR) Trial

CPR indicates cardiopulmonary resuscitation; ED, emergency department; RBC, red blood
cell.

aIncluded patients with the following: 6 known pregnancies, 5 with physicians who refused
to randomize, 4 with known do-not-resuscitate order prior to randomization, 3 with burns
covering more than 20% of total body surface area, 1 with a documented inhalation injury, 1
who opted out upon arrival to the ED, 1 unknown reason.

bThe vital statistic data were obtained for patients who withdrew consent when available.
Patients who withdrew consent at 24 hours are included in the count of those who withdrew
at 30 days.
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30-d Mortality

01 3 6 12 18 24 0

Time to Death From Randomization, h
No. at risk
1:1:2 342322 304 296 291 286 284 342
1:1:1 338327 318 305 300 297 295 338

10 20

Time to Death From Randomization, d
261 253
269 263

Figure 2. Kaplan-Meier Failure Curvesfor Mortality at 24 Hours and 30 Days
The colored areas indicate 95% confidence bands, which were calculated using the Hall-

Wellner method. The Hall-Wellner bands extend to the last event (death) in each group. For
24-hour mortality, the Cox proportional hazards regression model, adjusted for site as a
random effect, produced a hazard ratio (HR) of 0.72 (95% CI, 0.49-1.07). There were no
patients lost to follow-up during the first 24 hours from randomization. For 30-day
mortality, the Cox proportional hazards regression model, adjusted for site as a random
effect, produced an HR of 0.83 (95% ClI, 0.61-1.12). Between 24 hours and 30 days, 4
patients were lost to follow-up and were censored when they withdrew consent or were last
known to be alive (3 in the 1:1:1 group and 1 in the 1:1:2 group).

JAMA. Author manuscript; available in PMC 2015 August 03.

30

252
260



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Holcomb et al.

Page 20

Ratio of plasma to RBCs Ratio of platelets to RBCs
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Figure 3. Distribution of Cumulative Blood Product Ratios Within Period up to 24 Hours After
Admission

Prerandomization blood products include those given prior to hospital arrival. Patients who
received no red blood cells (RBCs) within an interval were excluded because RBCs are in
the ratio denominator. The lower and upper edges of the boxes are the 25th and 75th
percentiles, the whiskers extend to +1.5 x the interquartile range, and the points outside are

the outliers. The thick line inside the box represents the median and the circle is the mean.
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Figure4. Distribution of Blood Product Amounts Within Period up to 24 Hours After Admission
Prerandomization blood products include those given prior to hospital arrival. The lower and

upper edges of the boxes are the 25th and 75th percentiles, the whiskers extend to +1.5 x the
interquartile range, and the points outside are the outliers. The thick line inside the box
represents the median and the circle is the mean. Five or 6 U pools of whole blood-derived
platelets were considered equivalent to 1 U of apheresis platelets (eg, an adult dose of
platelets).
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Patient Characteristics by Treatment Group

Table 1

1:1:1 Group (n = 338)

1:1:2 Group (n = 342)

Age, median (IQR), y&

34.5 (25 to 51)

34 (24 to 50)

Male sex, No. (%) 263 (77.8) 283 (82.7)
Race, No. (%)b
White 210 (62.1) 224 (65.5)
Black 94 (27.8) 93 (27.2)
Other 35 (10.4) 25 (7.3)
Hispanic ethnicity, No. (%) 61(18.0) 59 (17.3)
Glasgow Coma Scale score, median (IQR) 14 (3 to 15) 14 (3 to 15)
Systolic blood pressure, No. of patients 330 328
Median (IQR), mm Hgd 102 (81 to 126) 102 (80 to 125)
No. (%) with <90 mm Hg 127 (38.5) 128 (39.0)
Diastolic blood pressure, No. of patients 284 279
Median (IQR), mm Hgd 70 (53 to 90) 68 (50 to 91)
Heart rate, No. of patients 336 341
Median (IQR), beats/mind 115 (97 to 135) 113 (93 to 130)
No. (%) with 2120 beats/min 148 (44.0) 152 (44.6)
Respiratory rate, No. of patients 308 313

Median (IQR), breaths/min

20 (17.5 to 26.0)

20 (17 to 26)

Assessment of Blood Consumption score =2, No. (%6)22€ 215 (63.6) 223 (65.2)
Mechanism of injury, No. (%)
Any blunt injury 185 (54.7) 173 (50.6)
Any penetrating injury 157 (46.4) 173 (50.6)
Time to randomization, median (IQR), min 27.5(17to 47) 25.5 (16 to 41)
Hemoglobin level, No. of patients 327 325
Median (IQR), g/dL 11.7 (10.1t0 13.4) 11.9 (10.1t0 13.2)
No. (%) with <11 g/dL 121 (37.0) 126 (38.8)
International normalized ratio, No. of patients 218 218

Median (IQR) 1.3 (1.2to 1.5) 1.3 (1.2to 1.5)
No. (%) with ratio >1.5 57 (26.1) 59 (27.1)
Thromboelastography R time, No. of patients 276 279
Median (IQR), min 3.8(2.9t04.6) 3.8(2.8t04.7)
No. (%) with time >8 min 12 (4.3) 12 (4.3)
Platelet count, No. of patients 317 317

Median (IQR), in thousands

213 (164 to 261)

212 (164 to 264)

No. (%) with count <150 in thousands

54 (17.0)

60 (18.9)

JAMA. Author manuscript; available in PMC 2015 August 03.

Page 22



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Holcomb et al.

1:1:1 Group (n = 338)

1:1:2 Group (n = 342)

Base excess, No. of patients

318

301

Median (IQR), mmol/L

-8 (-12.5t0 -3.8)

-85 (-12.8t0-4.7)

No. (%) with score <-4 mmol/L 238 (74.8) 239 (79.4)
Injury Severity Score, median (IQR)f 26.5 (1710 41) 26 (1710 38)
Revised Trauma Score, No. of patientsg 303 304

Median (IQR) 6.8 (4.1107.8) 6.4 (4.1107.8)
Resuscitation indicators, No. (%)

Massive transfusion” 153 (45.3) 160 (46.8)

Critical administration threshold! 281(83.1) 314 (91.8)

Abbreviations: IQR, interquartile range; RBC, red blood cell.

a . L - . . . . . .
One patient was missing a verified age so it was imputed using the median of the interval for estimated age.

Page 23

b . . . . .
More than 1 race could be selected per patient, therefore percentages may exceed 100%. Other included American Indian/Alaskan Native/
Aboriginal, Asian, Native Hawaiian/other Pacific Islander, other, and unknown.

Determined by either self-report from the patient or family or direct observation by medical staff.

d_ . . . .
Patients with blood pressure and heart rate that was not recorded, measured, detectable, or palpable were excluded from the median calculations

and the Wilcoxon rank sum test.

e . . . . . . . ]
The score range was 0 to 4. Patients with a score of 0 (n = 50) and 1 (n = 192) were enrolled in the trial as physician overrides, which was defined
as a score of less than 2 and attending physician determination that a massive transfusion was needed.

f . .
The score range was 0 to 75. A score greater than 15 indicates major trauma.

gThe score range was 0 to 7.8. A higher score is associated with better survival probability.

Defined as 10 U or greater of RBCs received within first 24 hours. Includes observations made postrandomization.

Defined as 3 U or greater of RBCs received at least once per 1-hour interval during the first 24 1-hour periods. One patient in each treatment group
did not receive any RBCs. Includes observations made postrandomization.
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