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Abstract

Introduction: Low titer group O whole blood (LTOWB) resuscitation is becoming common

in both military and civilian settings and may represent the ideal resuscitation intervention. We
sought to characterize the safety and efficacy of LTOWB resuscitation relative to blood component
resuscitation.

Methods: A prospective, multicenter, observational cohort study was performed using seven
trauma centers. Injured patients at risk of massive transfusion who required both blood transfusion
and hemorrhage control procedures were enrolled. The primary outcome was 4-hour mortality.
Secondary outcomes included 24-hour and 28-day mortality, achievement of hemostasis, death
from exsanguination and the incidence of unexpected survivors.

Results: 1,051 patients in hemorrhagic shock met all enrollment criteria. The cohort was
severely injured with over 70% of patients requiring massive transfusion. After propensity
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adjustment, no significant 4-hour mortality difference across LTOWB and component patients

was found, (RR 0.90, 95%CI 0.59-1.39, p=0.64). Similarly, no adjusted mortality differences were
demonstrated at 24-hours or 28 days for the enrolled cohort. When patients with an elevated
prehospital probability of mortality were analyzed, LTOWB resuscitation was independently
associated with a 48% lower risk of 4-hour mortality (RR 0.52, 95%CI 0.32-0.87, p=0.01) and a
30% lower risk of 28-day mortality (RR 0.70, 95%CI 0.51-0.96, p=0.03).

Conclusion: Early LTOWB resuscitation is safe but not independently associated with survival
for the overall enrolled population. When patients were selected with an elevated probability of
mortality based upon prehospital injury characteristics, LTOWB was independently associated
with a lower risk of mortality starting at 4 hours post arrival thru 28 days post-injury.

Introduction

Methods

Hemorrhage remains the leading cause of potentially preventable death after injury.1:2
Despite major improvements in trauma resuscitation over the last two decades, patients
continue to suffer high mortality due to uncontrolled hemorrhage in the first few hours after
arrival.134 Interventions which provide outcome benefits that can be initiated early after
injury have the potential to reduce morbidity and mortality and are essential to improving
the care of the severely injured patient.>~/

Low titer group O whole blood (LTOWRB) resuscitation is increasingly common in both
military and civilian settings and may represent the ideal early resuscitation intervention
following injury. Recent studies demonstrate the safety of uncrossmatched LTOWB.6:8-11
Although early LTOWB resuscitation has increasingly been shown to be associated with
improved outcomes, current high level prospective, multicenter evidence supporting its
pragmatic use is limited, specifically in the polytrauma patient with shock and concomitant
traumatic brain injury (TBI).8:912 |t may be in these complex injured patients where the
character of early resuscitation matters most and where outcome benefits may be most
evident,13-18

We sought to characterize the safety and efficacy of LTOWB in patients with hemorrhagic
shock with and without concomitant TBI treated with early LTOWB resuscitation relative
to patients who receive blood component resuscitation (COMPONENT) as their standard
care. We hypothesized LTOWB resuscitation would be associated with both survival and
improved hemostasis.

A prospective, multicenter, observational cohort study, with a planned enrollment time-
period of 3.5 years, was performed utilizing seven busy, level-1, trauma centers
participating in the Linking Investigations in Trauma and Emergency Services (LITES -
www.litesnetwork.org) clinical trials network. The cohort study was conducted and reported
in accordance with the STROBE guidelines for observational studies.1® Ethical approval

for the study was obtained using single Institutional Review Board (sIRB) approval from
the University of Pittsburgh and the Human Research Protection Office of the Department
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of Defense. The sIRB approved a waiver/alteration of the consent process and waiver of
HIPAA authorization spanning 36 hours.

Participating trauma centers were originally surveyed for the use of cold stored LTOWB in
the early phase of injury as part of their standard care for patients in hemorrhagic shock.

At study initiation, three of the original seven participating trauma centers had existing
early, in-hospital, cold-stored LTOWB resuscitation programs employed in their emergency
department/trauma bay setting. Characteristics of each LTOWB program including
leukoreduction, titer-levels utilized and specific indications for LTOWB transfusion (e.g.
child-bearing age status) were at the discretion of each site’s local resuscitation protocol.

A single LTOWB trauma center site also had the capability to provide LTOWB during

the prehospital phase of care. The remaining COMPONENT sites utilized ratio-based
blood component resuscitation strategies for hemorrhagic shock and similarly followed
their respective local resuscitation protocols. Inclusion criteria for the cohort study were
injured patients at risk of massive transfusion who met Assessment of Blood Consumption
(ABC) criteria29:21 (2 or more of the following); [1. hypotension (SBP < 90 mmHg), 2.
penetrating mechanism of injury, 3. positive Focused Assessment for the Sonography of
Trauma (FAST) exam, 4. Heart rate = 120] and who within 60 minutes of arrival required
both blood/blood component transfusion and required hemorrhage control procedures in the
operating room (OR) or interventional radiology suite. Patients with qualifying vital signs
and/or blood product transfusion which occurred in the prehospital phase of care also met
inclusion criteria. A FAST exam which was deferred due to the expedient transport to the
operating room was considered as meeting one of the ABC criteria.2? The presence of TBI
for the study was designated by positive computerized tomography (CT) scan brain imaging
after enrollment criteria were met. Exclusion criteria included age < 15 years, penetrating
brain injury, greater than five minutes of consecutive cardiopulmonary resuscitation (CPR),
death prior to initiation of transfer to the OR/IR for hemorrhage control procedures, known
prisoners and known pregnancy.

Data were collected via a research electronic data capture (REDCap) online data repository
for all participating sites and all analyses were performed using SAS version 9.4. Measures
included patient demographics, injury characteristics, prehospital and in-hospital vital signs,
resuscitation interventions, transfusion volume totals, mortality outcomes and laboratory
assessments. Additional outcomes, including Rotterdam CT scores were collected for the
TBI subgroup.22:23

The primary objectives of the study were to compare patient level outcomes across early
LTOWB and COMPONENT resuscitation groups. A LTOWB patient had to have received
at least a single unit of LTOWB during the prehospital or early in-hospital phase of

care. COMPONENT patients received only component blood products during their early
resuscitation. Transfusion volume of any resuscitation type was based upon patient need and
the local site specific transfusion practice. The prespecified primary outcome for the trial
was 4-hour mortality. Secondary outcomes of interest included 24-hour mortality, 28-day
mortality, achievement of hemostasis, adjudicated death from exsanguination/hemorrhage
and the incidence of unexpected survivors based upon a prehospital probability of mortality
> 50% at 28 days.1724-26 Unexpected survivor characterization was a post-hoc subgroup
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analysis. Laboratory assessment of coagulation status and 4-hour and 24-hour transfusion
requirements were also compared. Additionally, we assessed the incidence of multiple

organ dysfunction (MOF), nosocomial infection (NI), venous thromboembolism (VTE, deep
venous thrombosis-DVT, pulmonary embolus-PE) and laboratory markers of hemolysis

for verification of safety. The presence of TBI was a prespecified subgroup for mortality
outcomes. Rotterdam scores23 were determined by a single blinded neuro-radiologist for

all initial head CT scans and repeat head CT imaging when performed. Achievement of
hemostasis was determined by reaching a nadir transfusion requirement of a single unit of
whole blood or component red cell within a 60-minute period during the first 4 hours from
arrival. Patients who did not achieve hemostasis or died within this 4-hour time frame were
designated as not achieving hemostasis. Four hour and 24-hour transfusion requirements
were compared utilizing units of product. Total transfusion volume requirements were
compared by summing total volume in milliliters (mls) of transfusion across LTOWB and
COMPONENT groups. The volume of each component transfused was estimated (red cell
unit-330 mls, plasma unit-270 mls, single apheresis platelet unit-250 mls) and the volume
of a unit of LTOWB was estimated to equal to 500 mls.® Massive transfusion was defined

as the need for at least 3 units or more of any red cell containing product (COMPONENT
red cells or LTOWB) within a 60-minute time-period over the first 4 hours from arrival.27-30
Causes of death due to exsanguination/hemorrhage was adjudicated by the enrolling site
principal investigator.

All outcome models estimate a relative risk ratio by fitting a generalized linear model with a
Poisson distribution, a log link function, and a robust variance adjustment.3 For the 4-hour
mortality primary outcome across COMPONENT and LTOWB patients an adjusted relative
risk ratio was estimated using an inverse probability of treatment weight derived from a
generalized boosted regression where treatment was regressed on a set of prehospital patient
confounders including vital signs, interventions/procedures, and measures of injury severity.
For all other adjusted outcome comparisons, relative risk ratios were estimated controlling
for age, sex, mechanism of injury (blunt vs. penetrating), head Abbreviated Injury Score
(AIS) score, Injury Severity Score (ISS), prehospital systolic blood pressure, and the need
for prehospital blood product transfusion. The prehospital probability of mortality was
estimated using logistic regression models utilizing all relevant prehospital vital signs,
prehospital interventions/procedures and injury severity characteristics and was assessed
using Receiver Operating Characteristic (ROC) curve analysis. Data from COMPONENT
patients were utilized to fit the model and the results were then applied across the entire
enrolled cohort. Tests of association included Student-t test when continuous measures
were normally distributed, Mann-Whitney U when they were skewed, and Chi-square when
measures were categorical.

Over the planned 3.5-year enrollment period, 1,051 patients in hemorrhagic shock met all
inclusion criteria and no exclusion criteria and were enrolled in the prospective cohort
study (42-months; 3/2018-8/2021, Figure 1.). As early whole blood resuscitation became
more accessible across the country, sites initially surveyed as COMPONENT sites initiated
whole blood programs and became LTOWB capable sites. Over 60% of patients sustained
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a penetrating mechanism of injury (gunshot wound or stabbing). The enrolled study
population was severely injured with a median injury ISS of 22 (IQR 13-30), and a

4-hour and a 28-day mortality rate of 8% and 17%, respectively. Over 70% of enrolled
patients required massive transfusion.28 The enrolled cohort of patients had an incidence of
radiographically documented TBI of 13.3%.

The prospective observational eligibility criteria attempted to select patients in hemorrhagic
shock but did not stipulate any specific blood product resuscitation regimen. Enrolled
patients at their respective trauma centers followed their standard resuscitation protocols.
Only 66.3% of enrolled patients at LTOWB sites received LTOWB during their
resuscitation. In those patients who received LTOWB, the median humber of LTOWB units
transfused was 2.0 IQR [1.0-3.5]. Of the subgroup of enrolled patients with TBI, 75% of
patients at LTOWB sites received LTOWB resuscitation, with a median of 2.0 IQR [0.0-4.0]
of LTOWB units being transfused.

When enrolled patients were compared by the early resuscitation regimen they received
(LTOWB vs. COMPONENT resuscitation) LTOWB and COMPONENT patients were
similar in age, mechanisms of injury and the need for prehospital blood transfusion. LTOWB
and COMPONENT patients had similar ISS scores but LTOWB patients were more likely to
have an ISS >15. LTWOB patients more likely male, were more commonly transferred from
the scene of injury, had lower systolic blood pressures, had lower GCS scores, and were
more likely to have concomitant TBI. (Table 1.)

When the primary 4-hour mortality outcome was compared across LTOWB and
COMPONENT patients (Table 2.), unadjusted mortality rates were similar (8.2% vs. 7.5%,
p=0.71) After propensity adjustment, no significant 4-hour mortality difference across
LTOWB and COMPONENT patients was found (RR 0.90, 95%CI 0.59-1.39, p=0.64).
Similarly, when 4-hour mortality was compared across the TBI subgroup, no significant
mortality differences were found. When 24-hour mortality and 28-day mortality were
compared, no unadjusted or adjusted mortality differences were demonstrated for the overall
cohort or the TBI subgroup. (Table 2.)

When serial Rotterdam scores derived from head CT imaging of TBI patients were
compared across LTOWB and COMPONENT patients, no significant differences were
found in the scores derived from the initial head CT images or when subsequent head

scan images (second) were compared. When the frequency of worsening head CT Rotterdam
scores were compared across the groups, no significant differences were found. (Table 3.)

When thromboelastography parameters (median and % abnormal), INR/PT at 4-hours and
24 hours were compared, there were no significant differences found between groups except
a significantly lower median and lower percentage of abnormal clot lysis at 30 mins (LY 30)
at the 24-hour period in LTOWB patients. (Table 4.)

Considering 4-hour and 24-hour blood transfusion requirements compared across LTOWB
and COMPONENT patients, there were no significant differences found in plasma or
platelet transfusion and an expected reciprocal difference in the transfusion of LTOWB
and component red cells. (Table 4.) There were no significant differences in total units of
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blood product transfused across comparison groups. When total transfusion volumes across
the two groups were compared based upon estimated volumes for a component and whole
blood unit, the LTWOB demonstrated significantly greater volumes overall at both 4 hours
and 24 hours post-arrival.

When we compared the rate of massive transfusion across LTOWB and COMPONENT
patients, LTOWB patients had a significantly higher rate of massive transfusion by 4

hours from admission (74.4% vs 64.8%, p< 0.01). When we compared mortality due to
adjudicated death from exsanguination, there was no significant difference found between
LTOWB and COMPONENT groups (8.8% vs. 7.7%, p=0.53). When we compared the rate
of achieving hemostasis by 4 hours, LTOWB and COMPONENT patients were similar
(82.9% vs. 86.3%, p=0.14).

When outcomes for safety were compared across LTOWB and COMPONENT groups, there
were no differences found for the incidence of VTE, MOF, or NI. (Table 5.) There was

a significantly higher median of ICU and ventilator free days for COMPONENT patients.
When laboratory measurements for hemolysis were compared at 24 hours, no significant
differences in haptoglobin or lactate dehydrogenase were seen while LTOWB patients had
elevated total bilirubin levels relative to component patients. Importantly, no hemolytic or
transfusion reactions were reported in either group of the trial.

To compare the rate of unexpected survivors across the enrolled cohort, we first determined
the individual patient prehospital predicted risk of 28-day mortality, using prehospital vital
signs, prehospital interventions/procedures and injury severity characteristics, and assessed
its predictive capabilities via ROC curve analysis. Our prehospital mortality model was

an excellent predictor of mortality with an Area Under the Curve (AUC) = 0.89. (Figure
2.) When we selected those patients with a probability of mortality > 50% and looked at
the incidence of 28-day mortality across the comparison groups, the LTOWB group had a
significantly lower rate of mortality as compared to the COMPONENT group (unadjusted-
39.3% vs. 72.5%, p<0.01). When we further characterized this unexpected survivor cohort,
after controlling for all relevant confounders, regression analysis demonstrated LTOWB
patients had over a 35% lower independent risk of 28-day mortality (RR 0.64, 95%CI 0.45—
0.92, p=0.02)

To further characterize the unexpected survivor relationship, we first tested to determine
if there was an interaction between prehospital predicted mortality and any LTOWB
benefit. We found that the prehospital probability of mortality of an individual patient
significantly moderated the survival benefit attributable to LTOWB at 28-days. Based
upon these findings, we further explored this relationship and plotted the proportion of
deaths at 4 hours and 28-days for LTOWB and COMPONENT patients by the predicted
prehospital probability of mortality. (Figure 3A and 3B.) These demonstrated a separation
of LTOWB and COMPONENT patients as the probability of mortality increased. We then
again performed our adjusted regression analyses for 4-hour mortality, 24-hour mortality and
28-day mortality at increasing increments of prehospital predicted mortality probabilities.
(Table 6.) These results demonstrated that in those patients with a prehospital predicted
mortality of 5% or greater, LTOWB was independently associated with over a 48% lower

JAm Coll Surg. Author manuscript; available in PMC 2024 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sperry et al.

Page 8

risk of 4-hour mortality (RR 0.52, 95%CI 0.32-0.87, p=0.01). In those patients with a
prehospital predicted mortality of 10% or greater, LTOWB was independently associated
with over a 33% lower risk of 24-hour mortality (RR 0.67, 95%CI 0.47-0.97, p=0.03).

In those patients with a prehospital predicted mortality of 20% or greater, LTOWB was
independently associated with a 30% lower risk of 28-day mortality (RR 0.70, 95%CI 0.51-
0.96, p=0.03).

Finally, due to the relatively low volume of LTOWB an individual patient received, we
wanted to determine if there was a dose response relationship regarding the quantity of
LTOWB that was transfused. When we included the ratio of total LTOWB transfused
relative to the total component product received in 24 hours in our regression models

and further adjusted for the need for massive transfusion, this ratio was an independent
predictor of survival in the LTOWB group of patients at 28 days (RR 0.60, 95%CI 0.42-
0.85, p <0.01). This demonstrates that as the proportion of LTOWB increases during the
early resuscitation period, irrespective of large volume transfusion, the independent risk of
mortality decreases.

Discussion

Despite major changes regarding when and how injured patients are resuscitated over

the last two decades, mortality from hemorrhage continues to occur within hours

of arrival at definitive trauma centers across the country.2= The tenets of ‘damage

control resuscitation” improve outcomes post-injury through balanced blood component
resuscitation, minimization of crystalloid resuscitation, prevention of coagulopathy and
potential mitigation of downstream effects of shock and endothelial injury.1:32:33 Whole
blood resuscitation, considered the definitive damage control resuscitation blood product, is
increasingly used in the civilian setting over the last eight years, and low-titer anti-A and
anti-B group O whole blood is considered the standard care at over 80 high-volume trauma
centers across the country.6:8.:9:34.35

The documentation of outcome benefits attributable to whole blood resuscitation have
lagged behind these resuscitation practice changes, and the specific injured patient cohorts
who may benefit most from whole blood resuscitation are poorly characterized. The results
of this prospective observational cohort study demonstrate that low titer group O whole
blood resuscitation is safe and adds important information to the growing literature on

this practice. Whole blood resuscitation was not independently associated with a mortality
benefit in the overall enrolled cohort nor in the specific subgroup of brain injured

patients, yet a significant and robust survival advantage was afforded to patients with an
elevated probability of death based upon prehospital and injury characteristics. This survival
advantage of LTOWB was observed for patients with a prehospital predicted mortality of 5%
or greater.

The current results are similar to other recent prospective observational studies which have
characterized whole blood resuscitation by demonstrating its safety, feasibility and survival
benefits.8:912 The current results differ in that survival benefit was only observed in those
patients with an elevated probability of death based upon prehospital characteristics. This
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may be due to differences in the specific inclusion and exclusion criteria utilized and/or

the trauma centers selected for the study. Similarly, there may be injury characteristic
differences of patients that are enrolled at a whole blood capable trauma center yet do

not receive LTOWB resuscitation. It may be that the current cohort selected included a
portion of patients where the quality or character of early resuscitation may not matter,
specifically those with a low probability of death. Similar to prior studies,82:12 patients
who received whole blood resuscitation in the current study were more severely injured,
had lower GCS scores and lower presenting systolic blood pressures and a higher rate of
massive transfusion.3% We found no major differences in coagulation parameters despite
having a higher rate of massive transfusion and higher estimated total transfusion volume.
We utilized a definition for massive transfusion that minimizes survival bias, incorporates
both a rate and volume at early time points, and has been demonstrated to be associated
with superior mortality prediction relative to historic definitions.28 After appropriate and
robust confounder adjustments, despite these more severe injury characteristics, unadjusted
and adjusted mortality rates were similar across LTWOB and COMPONENT groups for the
entire cohort.

In the subgroup of patients with an elevated risk of mortality as predicted by our regression
models, it is interesting that proportion of deaths in the COMPONENT group rise in step
with increasing predicted mortality while the LTOWB group curve plateaus and remains
relatively flat, despite increasing predicted mortality. This may explain the higher incidence
of MOF (non-significant) and lower ICU and ventilator free-days in the LTOWB group as
the patients who survived with high predicated mortality, who otherwise may not have, will
demonstrate significant organ dysfunction and high critical care needs.1’

It was unexpected to find a lack of outcome benefit in patients with documented TBI. Prior
studies demonstrate benefit in this cohort when plasma is provided soon after injury.13-16.18
It may be that the timing of an intervention, whether it is provided in the prehospital as
compared to the in-hospital phase of care, is most relevant for the brain injured population.3®

The current study has limitations. First, it is an observational cohort study and patients

who received LTOWB or COMPONENT early resuscitation had significant differences

in injury characteristics and severity that may play a role in the results and conclusions
demonstrated. The potential for unknown or unmeasured confounders exists and represents
a major limitation in any observational study. The inclusion criteria did not specify the type
of resuscitation (LTOWB vs. COMPONENT) and over the time-period of the study, whole
blood resuscitation practice became increasingly common across the country. Enrolling sites
had differences in resuscitation practice that may be important confounders. Multiple trauma
centers utilized for the study who initially had only component resuscitation capabilities
started whole blood programs after participation began. There may be differences in

trauma centers who have recently changed their early resuscitation practice relative to

those centers who have had whole blood capabilities for longer periods of time. Similarly,
there may be relevant injury severity and outcome differences in a group of patients

who are enrolled at a whole blood capable trauma center but do not receive LTOWB.

The underlying reasons an enrolled patient at a trauma center with LTOWB capabilities

did not receive LTOWB were not recorded in the dataset. The analysis focused on the
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specific resuscitation strategy an individual patients received. There was a relatively high
percentage of penetrating mechanism of injury enrolled and despite attempting to adjust

for all important cofounders, there may be differences in the response to LTOWB verses
COMPONENT resuscitation based upon mechanism of injury. Specific transfusion volumes
of all components transfused were not able to be recorded and were estimated based upon
blood bank volume estimates and prior literature. Due to the observational design of the
study, there was variability in resuscitation practice across LTOWB sites as leukoreduction,
titer-levels and specific indications for LTOWB transfusion (ex. child-bearing age status).
Transfusion volumes for either group were based upone patient need and site specific
transfusion practice. There was a relatively low median volume of LTOWB transfusion for
the overall cohort and attributing survival outcome differences from this strategy may be
confounded. Similarly, some trauma centers had prehospital transfusion capabilities while
others did not. We controlled for this capability in our regression models but the potential
for confounding remains. Importantly, ratios of blood components (rbc:plasma:platelet) were
not protocolized for either the COMPONENT group or for the LTOWB group beyond the
early resuscitation period and this variability represents a major limitation. The laboratory
measurements are associated with missingness, due to the logistics of care management for
severely injured patients. Although the missingness did not differ across comparison groups,
this could lead to measurement differences and represents a significant limitation.

Conclusion

In conclusion, LTOWB resuscitation was safe but not independently associated with
survival benefits in the overall enrolled cohort of this observational study. When patients
were selected with an elevated probability of mortality based upon prehospital injury
characteristics, LTOWB was independently associated with a lower risk of mortality starting
at 4 hours post arrival thru 28 days post-injury. Further high-level, randomized clinical trials
are needed to appropriately characterize the injured population which benefits most from
this valuable transfusion resource.

Funding:
This study was funded by the Department of Defense; U.S. Army Medical Research and Development Command
Grant #W81XWH-16-D-0024-0002 and R35GM119526
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4440 Assessed for eligibility

3123 Did not meet all inclusion criteria*
210 Did not have at least 2 of the following:

138 Met all inclusion criteria and at least 1 31 Hypotension (SBP < 90)
exclusion criterion* 87 Penetrating injury
11 Younger than 15 years of age 18 Non-negative FAST
96 More than 5 minutes of continuous CPR 18 Tachycardia (HR 2 120)
without return of spontaneous circulation 2794 Not admitted to operating room /
11 Penetrating brain injury with exposed interventional radiology within 60
brain matter minutes of arrival
28 Died in ED 1878 Did not receive blood product
7 Pregnancy transfusion either in the prehospital
14 Prisoner setting or within 60 minutes of arrival

1179 Eligible for enrollment

81 Not enrolled* 47 Enrolled but later determined to be ineligible:
57 Research staff unavailable 1 Younger than 15 years of age
59 Patient identified after enrollment 6 More than 5 minutes of continuous CPR
window without return of spontaneous circulation
79 Patient / Family refused enrollement 1 Pregnancy
44 Other 14 Prisoner
23 Other

2 No information available

1051 Enrolled and included in analyses

624 LTOWB 427 COMPONENT
Received at least 1 unit of low titer group O Received blood components only
whole blood
Figurel.

Consort diagram for enrollment
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Figure2.
ROC curve for prehospital probability of mortality regression model.
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Table 1.

Demographic and Injury Characteristics by Resuscitation Type

LTOWB COMPONENT
Measure (N=624) (N=427) p-value
Age (years), median [IQR] 35.0 [26.0-51.0] 35.0[25.0-47.0] 0.15
Sex (Male), n (%) 546 (87.5) 297 (69.6) <.001
Race, n (%) 0.001

White 280 (44.9) 235 (55.0)

Black 225 (36.1) 139 (32.6)

Other 119 (19.1) 53 (12.4)

Injury mechanism, n (%)

Blunt 252 (40.5) 161 (37.7) 0.36
Fall 29 (4.7) 21 (4.9) 0.85
Machinery 2(0.3) 1(0.2) 0.79
MVC Occupant Ejected 14 (2.3) 15 (3.5) 0.22
MVC Occupant not Ejected 93 (15.0) 63 (14.8) 0.93
MVC Motorcyclist 53 (8.5) 19 (4.4) 0.010
MVC Cyclist 4(0.6) 2(05) 0.71
MVC Pedestrian 26 (4.2) 23 (5.4) 0.36
MVC ATV 5(0.8) 4(0.9) 0.82
MVC Not otherwise specified 6 (1.0 3(0.7) 0.65
Struck by or against 14 (2.3) 8(1.9) 0.68
Other 16 (2.6) 8(1.9) 0.46

Penetrating 386 (62.1) 271 (63.5) 0.64
Firearm 281 (45.2) 193 (45.2) 0.99
Impalement 6 (1.0) 2(0.5) 0.36
Stabbing 71 (11.4) 52 (12.2) 0.71
Other 31 (5.0) 26 (6.1) 0.44

Transfer origin, n (%) <.001

Scene 526 (84.6) 323 (75.6)

Outside ED 96 (15.4) 104 (24.4)

1SS, median [IQR] 22.0[14.0-33.0] 21.0[10.0-34.0] 0.17
>15, n (%) 444 (72.8) 281 (66.7) 0.037
Traumatic brain injury (CT diagnosed), n (%) 99 (15.9) 44 (10.3) 0.010
Head AIS, median [IQR] 0.00 [0.00-2.00] ~ 0.00 [0.00-0.00]  0.20
>2, 1 (%) 133 (21.8) 76 (18.1) 0.14
Chest AIS, median [IQR] 2.00[0.00-3.00] 2.00[0.00-3.00] 0.032
>2,n (%) 284 (46.6) 175 (41.6) 0.11
Abdomen AIS, median [IQR] 3.00 [0.00-4.00]  3.00 [0.00-4.00] 0.28
>2, 1 (%) 321 (52.6) 230 (54.6) 0.53
Extremity AIS, median [IQR] 2.00 [0.00-3.00]  2.00 [0.00-3.00] 0.66
>2, 1 (%) 220 (36.2) 151 (35.9) 0.92
Galsgow coma scale, median [IQR] 14.0 [3.00-15.0] 15.0[7.00-15.0] 0.004
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LTOWB COMPONENT
Measure (N=624) (N=427) p-value
<9, n (%) 208 (35.4) 109 (26.0) 0.001
Systolic blood pressure (mmHg), median [IQR]  99.0 [80.0-120] 105 [82.0-122] 0.046
<90, n (%) 176 (35.1) 126 (32.1) 0.36
Heart rate (bpm), median [IQR] 110 [88.0-130] 108 [88.0-126] 0.29
>100, n (%) 322 (58.7) 248 (61.4) 0.39
Shock index, median [IQR] 1.06 [0.81-1.37] 1.00[0.79-1.31] 0.10
Received any prehospital blood product, n (%) 225 (36.2) 138 (32.3) 0.20
Red cells 128 (20.6) 122 (28.6) 0.003
Plasma 36 (5.8) 32(7.5) 0.27
Platelets 12 (1.9) 16 (3.7) 0.07
Whole blood 118 (19.0) 0(0.0)
Received any prehospital tranexamic acid, n (%) 35 (5.6) 15 (3.5) 0.11
Received any prehospital crystalloid, n (%) 309 (49.7) 227 (53.2) 0.27
Prehospital/ED intubation, n (%) 225 (36.1) 131 (30.7) 0.07
Prehospital/ED CPR, n (%) 47 (1.5) 29 (6.8) 0.64
Prehospital pelvic binder, n (%) 47 (7.6) 31(7.3) 0.86

Abbreviations IQR interquartile range; LTOWB low titer group O whole blood.
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Table 2.

Primary and secondary outcomes by resuscitation type

LTOWB COMPONENT tnadjusted Ad usted”
Outcome (N=624)  (N=427) RR  95% ClI P RR  95% ClI P
Primary
4-hour mortality” 50 (8.2) 32(7.5) 109 (0.71to166) 070 0.90 (0.59t01.39) 0.64
TBIsubgroup 6 (6.4) 2 (4.5) 140 (0.29t06.68) 067 061 (0.14t02.70) 051
Secondary
24-hour mortality 82 (13.4) 49 (11.5) 116 (0.83to1.62) 037 1.08 (0.77t0152) 0.67
TBIsubgroup  19(20.2) 6 (13.6) 148 (0.64t03.45) 036 089 (0.41t01.96) 0.78
28-day mortality 110 (17.9) 66 (15.5) 116 (0.88t0153) 030 1.10 (0.83t01.47) 0.51
TBIsubgroup  25(26.6) 11 (25.0) 106 (0.58t01.96) 0.84 0.84 (0.45t01.56) 0.57

Abbreviations Cl confidence interval; P probability; LTOWB low titer group O whole blood; RR relative risk; TBI traumatic brain injury.

Page 19

*
Adjusted for age, sex, injury type, head Abbreviated injury scale score, prehospital hypotension, receiving any prehospital blood product, and

Injury severity score.

fThe adjusted model is weighted by the inverse probability of treatment (propensity score).
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Table 3.

Rotterdam CT score measures by resuscitation type

LTOWB COMPONENT
Measure (N=98) (N=42) P

Rotterdam score

First CT scan, mean + SD 234+090 2.33+1.05 0.82
Second CT scan, mean + SD ¥ 278+150 274+152 0.95
Difference, mean + SD 0.44+1.05 0.40+1.04 0.87
Worsening, n (%) t 21 (21.4) 13 (31.0) 0.23

Abbreviations LTOWB low titer group O whole blood.
*
Nineteen patients died before they could be scanned for a second time. The scores for these patients have been set to 6.

fSince 71.4% of patients experienced no change in scores, this measure distinguishes those whose score became worse compared to those whose
score remained unchanged or improved (N=1).
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Coagulation parameters and transfusion requirements by resuscitation type

Table 4.

LTOWB COMPONENT
Measure (N=624) (N=427) P
Coagulation parameters
Within 4 hoursof arrival
International normalized ratio, median [IQR] 1.21[1.15-1.40] 1.26 [1.16-1.40] 0.20
Prothrombin time (seconds), median [IQR] 350 [244-562] 342 [228-539] 0.44
Rapid thromboelastography*
Kinetic time (minutes), median [IQR] 2.00 [1.50-2.70] 1.90 [1.50-2.50] 0.14
>2.5,n (%) 128 (30.0) 72 (24.2) 0.09
Alpha angle (degrees), median [IQR] 69.1 [63.4-73.0] 69.7 [64.3-73.5] 0.19
<60, n (%) 72 (16.7) 41 (13.8) 0.29
Maximum amplitude (millimeters), median [IQR]  56.9 [51.3-61.2] 57.6 [52.4-62.1] 0.13
<55, n (%) 176 (40.5) 113 (37.9) 0.49
Clot lysis at 30 minutes (%), median [IQR] 0.00 [0.00-0.40] 0.00 [0.00-0.30] 0.42
>3, n (%) 8(2.0) 8(2.9) 0.43
Activated clotting time (seconds), median [IQR] 113 [105-128] 113 [105-128] 0.69
>128, n (%) 69 (18.5) 48 (17.1) 0.63
Within 24 hoursof arrival
International normalized ratio, median [IQR] 1.30 [1.20-1.40] 1.31[1.20-1.50] 0.25
Prothrombin time (seconds), median [IQR] 407 [281-619] 377 [270-584] 0.25
Rapid thromboelastography*
Kinetic time (minutes), median [IQR] 1.30[1.10-1.80] 1.30 [1.10-1.60] 0.19
>2.5,1n (%) 28 (7.3) 12 (4.4) 0.12
Alpha angle (degrees), median [IQR] 74.2 [71.1-77.0] 74.6 [71.9-76.7] 0.39
<60, n (%) 11 (2.9) 3(L1) 0.12
Maximum amplitude (millimeters), median [IQR]  63.8 [59.3-68.1] 64.1 [60.3-67.9] 0.61
<55, n (%) 39 (10.1) 18 (6.6) 0.12
Clot lysis at 30 minutes (%), median [IQR] 0.20 [0.00-0.80] 0.20 [0.00-1.30] 0.04
>3, n (%) 7(1.8) 12 (4.7) 0.03
Activated clotting time (seconds), median [IQR] 113 [105-128] 113 [105-128] 0.97
>128, n (%) 67 (18.5) 37 (14.4) 0.18
Transfusion requirements, median [IQR]
Within 4 hoursof arrival
Red cells (units) 4.00 [1.00-10.0] 5.00 [2.00-11.0] <.001
Plasma (units) 3.00 [0.00-9.00] 3.00 [1.00-8.00] 0.15
Platelets (units) 0.00 [0.00-2.00]  0.00 [0.00-1.00]  0.56
Whole blood (units) 2.00 [1.00-3.00]
Total (units) 10.0[4.00-23.0]  9.00 [4.00-19.0]  0.12
Total (mLs)” 3170 [1330-6880] 2695 [1210-5780]  <.001

Within 24 hoursof arrival
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LTOWB COMPONENT

Measure (N=624) (N=427) P
Red cells (units) 5.00 [1.00-12.0] 5.00 [2.00-13.0] <.001
Plasma (units) 4.00 [0.00-11.0] 4.00 [1.00-9.00] 0.36
Platelets (units) 1.00 [0.00-2.00] 0.00 [0.00-2.00] 0.21
Whole blood (units) 2.00 [1.00-3.00]
Total (units) 12.0[4.00-27.0]  10.0 [4.00-22.0]  0.07
Total (mLs) 7 4105 [1765-9290] 2945 [1265-6935]  <.001

Abbreviations IQR interquartile range; LTOWB low titer group O whole blood.

*
Values are missing for N=152 (14.5%) LTOWRB patients and N=103 (9.8%) component patients.

Page 22

fVqume for each unit of red cells, plasma, platelets, and whole blood was estimated to be 330mls, 275mls, 250mls, and 500mls, respectively
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Table 5
Safety outcome measures by resuscitation type
LTOWB COMPONENT
Measure (N=624) (N=427) P
Outcomes
Deep vein thrombosis, n (%) 49 (7.9) 22 (5.2) 0.09
Pulmonary embolism, n (%) 38(6.1) 26 (6.1) >0.99
Multiple organ failure, n (%) 90 (33.7) 48 (27.4) 0.16
Nosocomial infection, n (%) 155 (24.8) 95 (22.2) 0.33
ICU free days, median [IQR] * 21.0[0.00-25.0] 22.0[4.00-26.0] 0.05

Ventilator free days, median [IQR]* 24.0[6.50-26.0] 25.0[13.0-27.0] <0.01
Hemolysis labs, median [IQR]

Within 24 hours of arrival 7

Total bilirubin (mg/dL) 0.95 [0.60-1.50] 0.80[0.60-1.30] 0.03
Haptoglobin (mg/dL) 70.0 [42.0-109] 67.5[38.2-113] 0.33
Lactate dehydrogenase (U/L) 407 [281-619] 377 [270-584] 0.25

Abbreviations |QR interquartile range; LTOWB low titer group O whole blood.
*
Range is 0 to 28. Patients who died prior to day 28 are assigned a score of 0.

TVaIues missing for N=160 (15.2%) LTOWB patients and N=130 (12.4%) component patients.
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Mortality outcomes by time, prehospital probability of death, and resuscitation type.

Table 6

Mortality/Probability” LTOWB COMPONENT M ode results!
RR  95% CI P
Hour 4, n/N (%)
>.05 24/204 (11.8)  26/116 (22.4) 052 (0.32t00.87) 0.01
>.10 18/145 (12.4)  25/77 (32.5) 0.38 (0.22t00.67) <0.01
>.20 15/87 (17.2)  21/48 (43.8) 039 (0.21t00.71) <0.01
>.35 11/52 (21.2)  17/25 (68.0) 0.26 (0.14t00.46) <.001
>.50 10/34 (29.4)  10/14 (71.4) 0.35 (0.19t00.66) <0.01
Hour 24, n/N (%)
>.05 56/257 (21.8)  37/143 (25.9) 0.84 (0.59t01.20) 0.35
>.10 49/181 (27.1)  35/87 (40.2) 0.67 (0.47t00.97) 0.03
>.20 36/112 (32.1)  32/58 (55.2) 052 (0.35t00.76) <.01
>.35 24/68 (35.3)  26/42 (61.9) 051 (0.33t00.80) <0.01
>.50 18/43 (41.9)  19/28 (67.9) 057 (0.35t00.93) 0.02
Day 28, n/N (%)
>.05 85/357 (23.8)  53/197 (26.9) 093 (0.69t01.25) 0.63
>.10 72/254 (28.3)  50/138 (36.2) 0.80 (0.59t01.09) 0.16
>.20 56/169 (33.1)  43/91 (47.3) 0.70 (0.51t00.96) 0.03
>.35 45/123 (36.6)  36/55 (65.5) 0.62 (0.45t00.86) <0.01
>.50 35/89 (39.3)  29/40 (72.5) 0.64 (0.45t00.93) 0.017

Abbreviations c concordance; Cl confidence interval; P probability; LTOWB low titer group O whole blood; RR relative risk.

*
The prehospital probability of mortality was estimated by regressing mortality on demographics, injury type, Abbreviated injury scores,
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prehospital vital signs, prehospital medications, prehospital procedures, and receiving prehospital blood products on component only patients.
Parameter estimates were then applied to LTOWB patients for comparison.

fAdjusted for age, sex, injury type, head Abbreviated injury scale score, prehospital hypotension, receiving any prehospital blood product, and

Injury severity score.
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