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Abstract

Background—Forty percent of in-hospital deaths among injured patients involve massive

truncal hemorrhage. These deaths may be prevented with rapid hemorrhage control and improved

resuscitation techniques. The Pragmatic Randomized Optimal Platelet and Plasma Ratios

(PROPPR) Trial was designed to determine if there is a difference in mortality between subjects

who received different ratios of FDA approved blood products. This report describes the design

and implementation of PROPPR.

Study Design—PROPPR was designed as a randomized, two-group, Phase III trial conducted in

subjects with the highest level of trauma activation and predicted to have a massive transfusion.

Subjects at 12 North American level 1 trauma centers were randomized into one of two standard

transfusion ratio interventions: 1:1:1 or 1:1:2, (plasma, platelets, and red blood cells). Clinical data

and serial blood samples were collected under Exception from Informed Consent (EFIC)

regulations. Co-primary mortality endpoints of 24 hours and 30 days were evaluated.

Results—Between August 2012 and December 2013, 680 patients were randomized. The overall

median time from admission to randomization was 26 minutes. PROPPR enrolled at higher than

expected rates with fewer than expected protocol deviations.

Conclusion—PROPPR is the largest randomized study to enroll severely bleeding patients. This

study showed that rapidly enrolling and successfully providing randomized blood products to

severely injured patients in an EFIC study is feasible. PROPPR was able to achieve these goals by

utilizing a collaborative structure and developing successful procedures and design elements that

can be part of future trauma studies.
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1. Introduction

Injury is the leading cause of death between the ages of 1 and 44 years. Nearly 50% of

injury-related deaths occur before the individual reaches the hospital, and much of this

mortality is currently difficult to prevent.[1–4] However, approximately 40% of the in-

hospital deaths among injured patients involve massive truncal hemorrhage that is

considered potentially salvageable with rapid hemorrhage control and improved

resuscitation techniques.[5–11]
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One method to improve the outcome of rapidly bleeding patients is to deliver predetermined

ratios of platelets, plasma, and red blood cells (RBCs). However, the optimal ratio of these

products is unclear. The current United States (US) Department of Defense (DoD) guideline

specifies the use of 1:1:1.[12] In civilian observational studies, investigators have reported

good outcomes across a range of different blood product ratios;[13–19] the largest

observational transfusion study of bleeding trauma patients, the PRospective Observational

Multicenter Major Trauma Transfusion (PROMMTT) study, was conducted in 10 Level I

trauma centers in the US. In PROMMTT, clinicians generally delivered transfusion ratios

that cumulated in the range of 1:1 or 1:2.[20]

The DoD and the National Heart, Lung and Blood Institute (NHLBI) recognized the need to

address optimal blood product ratios and to characterize the natural history of coagulopathy

and inflammation in bleeding patients.[21, 22] They recommended a large trial comparing

blood product ratios and collecting serial blood samples and subsequently funded the

Pragmatic Randomized Optimal Platelet and Plasma Ratios (PROPPR) trial through the

Resuscitation Outcomes Consortium (ROC) in 2010, with additional funds from Defense

Research and Development Canada and the Canadian Institutes of Health Research.

PROPPR worked within a complex structure of review and oversight for the design and

conduct of the trial (Figure 1).

2. Methods

2.1 Study design and hypotheses

PROPPR was a randomized, two-group, Phase III trial conducted in subjects requiring the

highest level of trauma activation and predicted to receive a massive transfusion as defined

by ABC score or physician gestalt.[23] Subjects were randomized into transfusion ratio

interventions: 1:1:1 or 1:1:2 (Table 1). Based upon the timing of hemorrhagic death the

Food and Drug Administration (FDA) approved two co-primary endpoints.[24] The clinical

hypotheses are below:

Ha1: A greater proportion of subjects predicted to have a massive transfusion and

randomized to the 1:1:1 ratio group will survive to 24 hours after Emergency

Department (ED) admission compared with subjects randomized to the 1:1:2 ratio, and

Ha2: A greater proportion of subjects predicted to have a massive transfusion and

randomized to the 1:1:1 ratio group will survive to 30 days after ED admission

compared with subjects randomized to the 1:1:2 ratio group.

Ancillary clinical aims include comparisons between treatment groups on the number of

ventilator-free, ICU-free days, and hospital-free days. Other ancillary analyses include

comparisons of time to completion of resuscitation, incidence of major surgical procedures

during initial hospitalization, incidence of transfusion-related serious adverse events during

initial hospitalization and other complications, amount of study blood products given until

hemostasis, re-bleeding after resuscitation was complete, amount of blood products given

from hemostasis to 24 hours, and functional status (Glasgow Outcome Scale) at hospital

discharge.
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The laboratory hypotheses were defined as:

Ha1: Severely injured trauma patients enrolled into PROPPR will differ in their

coagulation and inflammatory phenotypes at admission by subject demographic and

injury characteristics;

Ha2: Coagulation and inflammatory phenotypes identified at admission will display

dynamic changes. These phenotype changes will be driven by injury demographics and

resuscitation.

Ha3: Coagulation and inflammatory profiles will be associated with primary, secondary,

and ancillary clinical outcomes.

The PROPPR trial employed a pragmatic design. While the assignment of transfusion ratios

was randomized, no other clinical procedures or aspects of patient care were altered by the

study.

2.2 Site Selection

Site selection was critical to the success of PROPPR. Surveys were sent to 25 North

American Level I trauma centers. Sites were rated based on geographic distribution, volume

of admissions, estimated number of massive transfusion patients, previous research

experience, ability to collect data and samples 24/7, and the ability to deliver blood

components in a timely manner. Twelve sites were selected and are listed as part of the

organizational structure (Figure 1).

2.3 Exception from Informed Consent (EFIC)

Rapid randomization required Exception From Informed Consent (EFIC). EFIC allows

subjects to be randomized before they or their legally authorized representative are

consented.[25, 26]The use of EFIC mandated extensive review and approval prior to the

start of the trial, despite the use of approved blood products in commonly employed ratios.

[20] ROC, National Institutes of Health, DoD, Health Canada, FDA and all local

Institutional Review Boards/Research Ethics Boards reviewed and approved the PROPPR

protocol and use of EFIC.

2.4 Eligibility Criteria

PROPPR incorporated standard inclusion and exclusion criteria common to trauma trials to

facilitate enrollment of severely injured patients who had a high risk of mortality from

bleeding (Table 2). An ABC score ≥2 and 1 unit of transfused RBCs within one hour of ED

admission were the criteria used to automatically call the blood bank for randomized

products. If the ABC score was <2, the attending physician could use clinical judgment to

call for study products (Figure 2).[23] Lastly, patients who received substantial pre-

randomization transfusions (three units of RBCs) were excluded. There was no set limit on

other blood products. The amount of pre-randomized RBCs was based on data from

PROMMTT and a qualitative assessment of all site principal investigators (PIs).[20] To be

enrolled, the seal on the randomized blood product container had to be broken within two

hours of ED admission. Limiting the time of enrollment to two hours from arrival and using

administration of at least one unit of RBCs and the ABC score or the attending physician
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judgment excluded many patients who were mortally wounded or slowly or minimally

bleeding.

2.5 Randomization, Blinding, and Protocol Completion

Subjects were randomized using a stratified (by site) permuted- block design. Treatment

assignment labels, generated by the Houston Data Coordinating Center (HDCC), were kept

in secure files at each clinical site’s blood bank. Complete masking (blinding) of the

intervention assignment was not logistically possible without interfering with the delivery

and utilization of approved life-saving blood products. However, masking of the clinicians

for as long as possible was considered extremely important so that potential bias could be

minimized. For this reason, randomized blood products were placed into sealed containers in

the blood bank and the clinicians at the bedside remained blinded to group assignment until

the container seal was broken.

A subject was considered randomized when a study blood product container was opened. If

a patient was ineligible, blood products could be returned in the unopened containers to the

blood bank inventory. If an ineligible patient needed an immediate emergency transfusion,

the container could be opened after the patient was declared ineligible by a member of the

study team. The ineligible patient was not considered randomized and blood products were

never withheld from any bleeding patient. To maintain the randomization sequence and

masking, an HDCC representative was available 24/7 to provide a new treatment assignment

and randomization sequence to the blood bank as soon as they were notified of emergency

use of products. A subject declared ineligible after either container was opened or consent

was withdrawn was considered randomized, and was followed only for safety and mortality.

Derived from the experience of Nascimento, et al., a novel two-step method determined

when hemostasis and resuscitation were considered achieved and the study protocol was

discontinued.[27] First, the time of anatomic hemostasis noted by the attending surgeon was

recorded. Secondly, a separate physiologic assessment of adequate resuscitation was made

by the attending surgeon and anesthesiologist. Adequate resuscitation was based on

qualitative improvement in blood pressure, urine output, and heart rate as well as decreased

vasopressor requirements. When both anatomic hemostasis and adequate resuscitation

criteria were met, randomized products were stopped.

2.6 Sample Size

Initally, the trial planned to enroll 580 subjects with 290 subjects per group. A 10%

difference in mortality at 24 hours was considered to be clinically meaningful. The design

provided 90% power to detect a difference of 10% or larger in 24-hour mortality and 88%

power to detect a difference of 12% or greater in 30-day mortality, assuming a two-sided

alpha=0.044 (adjusted from 0.05 for two interim efficacy analyses). The 24-hour and 30-day

outcomes were considered separate co-primary outcomes requiring no adjustment of alpha

for multiple comparisions.[28] The 24-hour and 30-day mortality in the 1:1:1 group were

assumed to be 11% and 23%, respectively, based on extensive retrospective data[19] and the

prospective observational study, PROMMTT.[20]
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2.7 Vanguard Phase

A Vanguard Phase was built into the trial to assess process feasibility because the protocol

was challenging to implement and the sites’ ability to recruit and deliver randomized blood

products rapidly was unknown.[29, 30] The Vanguard Phase was not considered a pilot

study because data from this phase were expected to be part of the Phase III trial. Six

months after at least four sites had begun enrollment, the Data Safety Monitoring Board

(DSMB) reviewed process measures related to recruitment and data quality. The DSMB

determined if the protocol could be followed and whether modifications to the protocol, data

collection procedures or trial manual of operations were needed. If substantive changes were

required, the DSMB would determine if the Vanguard stage data could be used in the Phase

III trial. In April 2013, based on recruitment (Figure 3) and other administrative information,

the DSMB concluded that the trial was feasible, and that data collected during the Vanguard

Phase would be included in the Phase III trial.

2.8 Adaptive Design

Prior to the first interim efficacy analysis and after successful completion of the Vanguard

Phase, a pre-planned re-analysis of power was presented to members of the DSMB by a

biostatistician from the ROC to determine whether the sample size should be increased. All

participants in the discussion were masked to the overall mortality and treatment group

differences per FDA guidelines for adaptive designs.[31] Power was recalculated based on

observed 24-hour mortality and 30-day mortality in the 1:1:1 group (the comparator arm)

using the clinically meaningful difference assumed in the original sample size calculations.

Based on the power calculations, the DSMB recommended increasing the sample size to 680

to maintain an overall power of 85% across a range of alternatives.

2.9 Analysis

Analyses for the Phase III trial co-primary outcomes (24-hour and 30-day mortality) and

secondary analyses are intention-to-treat, i.e., all subjects are analyzed as randomized. For

the primary analyses, 24-hour and 30-day mortality are considered fixed points in time and

will be compared using separate Mantel-Haenszel tests taking site, the stratifying variable,

into account. Two interim analyses for the DSMB were planned after 1/3 and 2/3 of the

projected 24-hour or 30-day mortality events were observed (whichever reached its

projected 1/3 and 2/3 first). The two co-primary outcomes were separately monitored using

a two-sided O’Brien-Fleming boundary[32] with Lan-DeMets alpha spending function

based on numbers of events for each of the two comparisons.[33]

No test for futility (stochastic curtailment[34]) was planned, since the null hypotheses were

also of clinical interest for both co-primary outcomes. If differences are not detected, the full

sample size will be required to produce as narrow and informative confidence limits as

possible.

2.10 Endpoint Ascertainment

The FDA indicated the trial would be considered scientifically invalid if 30-day outcome

information was missing on more than 10% of enrolled subjects at the end of the trial. Under
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EFIC, searches of all available public data sources to determine vital status at 30 days, even

for those who withdrew consent, are allowed.

Deaths were classified (Table 3) by a blinded, independent medical monitor (Houston

Clinical Coordinating Center (HCCC, PI) for deaths outside of Houston and by the HDCC’s

Independent Medical Monitor for deaths at the Houston site. If disagreement between the

local PI and the HCCC PI or HDCC Medical Monitor occurred, then final death

classification was decided by the independent HDCC Medical Monitor.

2.11 Data Collection, Management, and Quality

Data were collected via direct observation by study staff on standardized case report forms

PIas instructed in the manual of operations. Research laboratory samples were collected on

admission and an additional 5 times over 72 hours. One assay on fresh samples was

performed locally (thromboelastography [TEG] and Multiplate). A second fresh sample was

sent to the Houston Core Lab for flow analysis. The remaining samples were processed,

frozen and shipped to the Houston core lab for later analysis. A series of webinars, posters,

individual site visits, and site certification by the HDCC were used to familiarize and train

the sites on PROPPR procedures including data and sample collection. These training

methods were supplemented with monthly site coordinator calls, joint PI and coordinator

calls, committee calls (lab committee meetings were bimonthly), in person meetings every

six months, and ad hoc calls as needed.

All data were maintained in a web-based data entry and management system (OpenClinica,

LLC, Waltham, MA) and extensively queried for appropriate ranges and consistency across

forms. Site inspections and monitoring were carried out by an independent company. All

sites had a first monitoring visit after the site’s initial enrollment occurred, a follow up visit

every 6 months thereafter, and more frequent visits if necessary. At the end of the trial, each

site has a closeout visit.

A major concern was the number of protocol deviations that might occur when transfusing

lifesaving products in the correct order (Table 1) while simultaneously caring for seriously

injured patients. Each deviation was reviewed at weekly HDCC and HCCC meetings and, if

found to be serious, the local PI and involved parties were called to discuss the deviation.

Site PIs also reviewed any deviations at their site during regular meetings and calls and

suggested a mitigation plan. This process is similar in concept to the weekly morbidity and

mortality (M&M) conferences that the trauma community holds to improve patient care. By

utilizing the familiar M&M concept, all coordinators and PIs, as well as the HCCC and

HDCC, could quickly and openly understand issues, devise solutions and implement

changes across all 12 sites, thus minimizing repetition of serious protocol deviations.

2.12 Continuous Quality Improvement (CQI)

The success of protocol implementation hinged on the ability of the entire team at each site

to work together smoothly and provide the correct blood products to the bedside within 10

minutes of blood bank notification. Each site had dramatically different blood bank, ED and

operating room (OR) arrangements. A team from the PROPPR HDCC and HCCC walked
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through the study protocol at each site prior to trial initiation. Working with each site team,

protocol conduct and blood delivery processes were refined to not only take into account

individual site requirements, but also ensure maintenance of protocol rigor.

The Research laboratory committee oversaw collection, storage and prioritization of trial

specimens. The systems biology committee established procedures for novel analytic

methods. Additional committees were established representing three clinical groups

(anesthesia, emergency medicine, and transfusion medicine) to facilitate hospital-wide buy-

in and to help solve problems unique to their respective specialties. This CQI approach,

actively involving key stakeholders in developing and implementing the protocol has

previously proven to anticipate problems and provide a ready pathway for solutions.[35]

3. Results

3.1 Enrollment

Figure 3 shows enrollment over the course of the trial. Throughout the trial, recruitment was

higher than projected. Four sites began enrolling within 19 days of the first subject (3 Aug

2012), and all 12 sites were enrolling within a 6 month span.

3.2 Process Time Measures

Figure 4 graphs time from blood bank notification to delivery of study products to the

bedside and randomization. The median time from admission to blood bank call was 9

minutes. The median time from blood bank call to product delivery was 8 minutes, which is

under the stated protocol goal of 10 minutes. The time from product delivery to breaking the

seal was 5 minutes. The overall median time from admission to randomization was 26

minutes.

3.3 Protocol Deviations

As a result of implementation of the M&M procedures and CQI approach, deviations

decreased from an early high of 22% to a final rate of 15% over the course of the trial (Table

4).

4. Discussion

Previous Phase III studies of hemostasis or resuscitation in acutely injured trauma patients

have largely failed to show mortality differences between groups.[36–40] Reasons for the

negative findings have included enrolling either moribund or minimally injured patients,

delays in enrollment due to not utilizing EFIC, lack of blinding, high protocol deviation

rates after unblinding, lack of blood product availability and limited biological effect of the

study agent.[36–40] Several observational trauma transfusion studies have also identified

survival bias as a significant issue.[41]

The PROPPR investigators spent considerable time designing a protocol attempting to

address the lessons learned from previous studies.[20, 27, 36–40] Because clinicians were

treating critically injured patients, a guiding principle was that PROPPR would not create

processes that slowed the delivery of clinical care, including blood products. By combining
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the ABC score and clinical judgment and working with each blood bank, we created a

system that has improved blood product delivery. The timeliness of these actions is

demonstrated in Figure 4, with a median time from admission to randomization of 26

minutes. To reduce bias from lack of blinding, PROPPR clinicians were required to declare

a patient eligible prior to knowing the treatment assignment and were required to make

every effort to ascertain mortality outcomes using methods allowed under EFIC. Thus we

maintained rigor and reduced bias while caring for critically ill patients.

The PROPPR investigators designed a trial that rapidly enrolled a group of patients with

substantial transfusion requirements. The methodology and dedication of the study

personnel allowed timely delivery of blood products to the bedside of bleeding trauma

patients. While the outcomes have yet to be analyzed, the effort of all involved is a

testament to their dedication to improving the outcome of injured patients everywhere.
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Figure 1.
PROPPR Administrative Structure and Participating Sites
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Figure 2.
Protocol Flowchart
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Figure 3.
Recruitment graph.

The vertical lines in the above figure indicate 25%, 50%, and 75% of the planned accrual

period elapsed, respectively. The red vertical line indicates the end of the Vanguard stage.

The red, orange and yellow shaded areas represent NHLBIs level of concern with low

enrolling studies.
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Figure 4.
Process time measures

Baraniuk et al. Page 17

Injury. Author manuscript; available in PMC 2015 September 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Baraniuk et al. Page 18

Table 1

Contents of container cycles for each ratio group.

Container 1 Container 2

Group 1a Platelets 1 1

1:1:1 Plasma 6 6

RBCs 6 6

Group 2b Platelets 0 1

1:1:2 Plasma 3 3

RBCs 6 6

a
Group 1: Platelets first, then alternate RBCs and Plasma, as clinically required

b
Group 2: Platelets first (if available), then alternate 2 RBCs and 1 Plasma, as clinically required

The container cycles were repeated until hemostasis was achieved and resuscitation completed.
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Table 2

Criteria for Eligibility in the PROPPR Trial

Eligible subjects must meet all
of the following:

Ineligible subjects meet at least one of the following
criteria:

1) Highest trauma level activation; 1) Received care from an outside hospital or healthcare
facility (defined as receiving a lifesaving intervention);

2) Estimated age 15 years or older or weight of 50 kg or greater if age unknown; 2) Moribund patient with devastating injuries and
expected to die within one hour of ED admission; (e.g.
lethal traumatic brain injury)

3) Received directly from the injury scene; 3) Prisoners directly admitted from a correctional
facility;

4) Initiated transfusion of at least one unit of blood component within the first hour
of arrival or during pre-hospital transport;

4) Patients requiring an ED thoracotomy prior to
receiving randomized blood products;

5) Children under the age of 15 years or under 50 kg
body weight if age unknown;

5) Predicted to receive a MT by exceeding the threshold score of either the ABC
score of 2 or greater23 or based on the attending trauma physician’s judgment.

6) Known pregnancy in the ED;

7) Greater than 20% total body surface area (TBSA)
burns;

8) Suspected inhalation injury;

9) Received greater than five consecutive minutes of
cardiopulmonary resuscitation (CPR with chest
compressions) in the pre-arrival or ED setting;

10) Known DNR prior to randomization;

11) Enrolled in a concurrent ongoing interventional,
randomized clinical trial;

12) Activated the “opt-out” process for the PROPPR
trial (usually by wearing a bracelet given out at
community consent presentations);

13) No more than 3 RBCs given before randomization.
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Table 3

Adjudicated Cause of Death Categories*

Cause of Death Definitions

Exsanguination / Hemorrhagic Shock: Exsanguination: death caused by uncontrolled bleeding. Hemorrhagic Shock: shock associated with
the sudden and rapid loss of significant amounts of blood.

Traumatic Brain Injury (TBI): An injury to the brain caused by penetration of the skull or movement of the brain within the skull. TBI as a
cause of death usually occurs with several days of admission.

Respiratory/Pulmonary Contusion/Tension Pneumothorax: Respiratory: any loss of ventilatory capability, usually from a mechanical issue
somewhere between the ventilator and the pulmonary parenchyma. Pulmonary contusion: injury to lung parenchyma, leading to edema and
blood collecting in alveolar spaces and loss of normal lung structure & function.

Sepsis: An overwhelming systemic response to documented infection. Patients dying of sepsis usually do so > 72 hours after admission.

MOF: Altered organ function in at least 2 organ systems. Progressive and profound organ dysfunction that is incompatible with life. Patients
dying of MOF usually do so > 48 hours after admission.

Stroke: New neurological deficit not present prior to injury which is sudden or rapid in onset, lasts > 24 hours and is confirmed as an infarction
by CT or MRI, acutely causing death.

Myocardial Infarction: Acute, irreversible myocardial injury documented by both: (1) Abnormal increase in CK-MB or troponin and (2) New,
serial T-wave, S-T segment or Q wave ECG abnormalities acutely causing death.

Pulmonary Embolism: A blood clot lodged in the lumen of a pulmonary artery acutely causing death, diagnosed by CT angiogram, pulmonary
angiogram or ventilation perfusion scan.

Transfusion Related Fatality: fatality as a direct result of a complication of blood component transfusion.

*
Patients could experience more than one cause of death.
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