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Abstract

Background—Hemorrhage is the leading cause of survivable death in trauma. Resuscitation
strategies including early red blood cell (RBC) transfusion have reduced this. Pre-trauma center
(PTC) RBC transfusion is growing and preliminary evidence suggests improved outcomes. The
study objective was to evaluate the association of PTC RBC transfusion with outcomes in air
medical trauma patients.

Study Design—Retrospective cohort study of trauma patients transported by helicopter to a
level-I trauma center, 2007—2012. Patients receiving PTC RBC transfusion were matched to
control patients (receiving no PTC RBC transfusion during transport) in a 1:2 ratio using a
propensity-score based on prehospital variables. Conditional logistic regression and mixed-effects
linear regression were used to determine the association of PTC RBC transfusion with outcomes.
Subgroup analysis was performed for scene transport patients.

Results—Two-hundred forty treatment patients were matched to 480 control patients receiving
no PTC RBC transfusion. PTC RBC transfusion was associated with increased odds of 24-hour
survival (adjusted odds ratio [AOR] 4.92; 95%CI 1.51, 16.04, p=0.01), lower odds of shock (AOR
0.28; 95%CI 0.09, 0.85, p=0.03), and lower 24-hour RBC requirement (Coef —3.6 RBC units;
95%Cl -7.0, —0.2, p=0.04). Among matched scene patients, PTC RBC was also associated with
increased odds of 24-hour survival (AOR 6.31; 95%CI 1.88, 21.14, p<0.01), lower odds of shock
(AOR 0.24; 95%CI 0.07, 0.80, p=0.02), and lower 24-hour RBC requirement (Coef —4.5 RBC
units; 95%CI -8.3, 0.7, p=0.02).
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Conclusions—PTC RBC was associated with an increased probability of 24-hour survival,
decreased risk of shock, and lower 24-hour RBC requirement. PTC RBC appears beneficial in
severely injured air medical trauma patients and prospective study is warranted as PTC RBC
transfusion becomes more readily available.

INTRODUCTION

Hemorrhage remains a major driver of early mortality in injured patients.(1, 2) Recent
literature has focused on resuscitation in the trauma center to reduce this burden. Strategies
include minimizing crystalloid use,(3, 4) high ratio of plasma and platelets to red blood cell
(RBC) transfusion,(5-8) and massive transfusion protocols.(9) Approaches to early blood
transfusion have received significant attention recently.(1, 10)

Prehospital resuscitation has also received considerable interest. To date, studies in the
civilian population have focused on the use of crystalloids for resuscitation in the prehospital
setting.(11-13) However, blood transfusion remains the mainstay of resuscitation for
traumatic shock.(14) The capability to provide RBC transfusion during transport is generally
limited to well-developed helicopter emergency medical service (HEMS) systems.(15, 16)
Because of this, there is little evidence examining the use of prehospital RBC transfusion to
mitigate early hemorrhage and shock in injured civilians.(17)

Military data have demonstrated that more than 90% of potentially survivable casualties die
from hemorrhage, and medevac platforms from the United States (US) and United Kingdom
(UK) have prehospital RBC transfusion capabilities that have been associated with improved
survival.(18-21) Given the encouraging results from military and hospital based
resuscitation strategies, applying the lessons learned to the civilian prehospital setting is
appealing.

Our group presented the first preliminary civilian data documenting improved outcomes
associated with pre-trauma center (PTC) RBC transfusion in the severely injured Glue Grant
Cohort.(22) However, this study was limited as a secondary analysis and only a small
number of patients underwent PTC RBC transfusion. A more recent larger study evaluated
outcomes of prehospital RBC and plasma transfusion in HEMS patients, finding improved
acid-base status and decreased transfusion requirements in patients receiving prehospital
blood products.(23)

The objective of this study was to evaluate the association of PTC RBC transfusion with
early outcomes in trauma patients undergoing air medical transport. Given mounting
evidence in support of PTC RBC transfusion, we hypothesized that PTC RBC transfusion
would be associated with improved 24-hour mortality, lower 24-hour RBC requirements,
and lower risk of shock and coagulopathy on admission.

METHODS

Data Sources and Study Population

This is a retrospective cohort study conducted at the University of Pittsburgh Medical Center
(UPMC) Presbyterian Hospital, an urban level | trauma center with the highest volume of
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trauma patients in the state of Pennsylvania. All injured patients age >15 years who
underwent air medical transport by STAT MedEvac to UPMC Presbyterian Hospital
between 2007 and 2012 were eligible for inclusion. STAT MedEvac is a large HEMS
provider managed through the University of Pittsburgh's Center for Emergency Medicine,
and accounts for approximately 40% of Pennsylvania's HEMS transports. During the study
period STAT MedEvac was staffed by a paramedic/nurse team and carried 2 units of type O
negative RBCs on each mission. A standing protocol was in place to allow RBC transfusion
to trauma patients who have evidence of decreased tissue perfusion (Table 1).

Data sources included emsCharts (Pittsburgh, PA), a prospectively collected prehospital
database fed by electronic documentation of STAT MedEvac personnel, the UPMC trauma
registry, and the UPMC electronic health record. Patients meeting inclusion criteria were
identified through the emsCharts database. These patients' data were merged with the other
data sources to obtain demographics, injury characteristics, time at referring facility,
prehospital time and distance, prehospital and admission vital signs, crystalloid and RBC
volumes, prehospital and admission laboratory values, intensive care unit (ICU) admission,
emergency department (ED) disposition, surgical procedures, complications, and hospital
disposition for each patient.

Missing Data

For analysis variables missing more than 1% but less than 25% of observations, multiple
imputation was performed. Imputed variables included race, admission Glasgow Coma
Scale (GCS), admission systolic blood pressure (SBP), and admission heart rate (HR).
Multiple imputation using an iterative Markov chain Monte Carlo fully conditional
specification model based on available demographics, injury severity, ICU admission, and
survival was performed using five imputations. Outcome models were performed using the
multiple imputation estimation techniques that combine model coefficients and standard
errors from each imputed dataset while adjusting for the variability between imputed
datasets.(24) Missing data for imputed variables ranged from 1.2% (admission HR) to 4.9%
(admission SBP). Sensitivity analysis was performed using complete cases and no
significant differences in outcomes were seen.

Propensity Score Matching

Among included patients, those receiving RBC transfusion during air medical transport were
identified. These patients were classified as having undergone PTC RBC transfusion,
reflecting both scene patients who received true prehospital RBC transfusion, as well as
transfer patients who received RBC during air medical transport after being initially
evaluated, and in some cases receiving RBC transfusion, at a non-trauma center hospital.
Patients receiving any blood product other than RBC, such as plasma or platelets were
excluded. As those receiving PTC RBC transfusion were not randomly assigned to this
treatment, they were more severely injured with a higher risk of mortality. Because of this
propensity score matching was performed. The propensity score model was developed to
predict the likelihood of receiving PTC RBC transfusion based on several prehospital
variables to allow matching of treated (PTC RBC transfused) and control (no PTC RBC
transfusion) patients based on this probability of receiving a PTC RBC transfusion.
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Covariates in the propensity score model included transfer status, age, prehospital SBP,
prehospital HR, RBC volume prior to HEMS arrival, crystalloid volume prior to HEMS
arrival, crystalloid volume during HEMS transport, mechanism of injury (blunt or
penetrating), and HEMS transport distance. These covariates were selected a priori based on
information that would be available in the prehospital period that HEMS providers would
evaluate to reasonably guide the decision to administer PTC RBC. Propensity score model
performance was assessed using the C-statistic and Pearson goodness-of-fit test.

Matching was performed using a 1:2 ratio nearest neighbor algorithm with replacement and
no caliper. Standardized differences and standardized percent bias were used to assess the
balance of covariates used in propensity score estimation after matching. An absolute value
for the standardized difference >0.2 was considered to indicate significant residual
imbalance for a given variable between treatment groups.(25)

Statistical Analysis

The primary outcome was 24-hour survival. Secondary outcomes included shock on
admission (defined as admission base deficit =26mEg/L or lactate >4mmol/L), 24-hour in-
hospital RBC transfusion volume, trauma-induced coagulopathy (TIC; defined as admission
international normalized ratio [INR]=1.5), and in-hospital survival. Acute respiratory
distress syndrome (ARDS) and transfusion reactions were evaluated as a safety outcome.
Conditional logistic regression models were used to determine the association of PTC RBC
transfusion compared to no PTC RBC transfusion with binary outcomes while accounting
for matching. Mixed-effects linear regression was used to determine the association of PTC
RBC transfusion with continuous outcomes with a random-effect for matched patients.

Model covariates were selected a priori for known prognostic significance to the outcomes
of interest that were not accounted for in the propensity score matching procedure.
Covariates were then confirmed to be associated with the outcomes in univariate analysis or
change the model coefficient for PTC RBC transfusion by =210%. Covariates in the model
for 24-hour survival included gender, race, injury severity score (ISS), admission SBP,
admission HR, admission GCS, admission INR, alcohol intoxication, ICU admission,
emergent abdominal, thoracic, or vascular operation, mechanical ventilation, and Trauma
Mortality Prediction Model (TMPM) predicted mortality.(26) Covariates in the model for
shock on admission included gender, race, ISS, admission SBP, admission GCS, admission
INR, alcohol intoxication, admission hemoglobin, and TMPM predicted mortality.
Covariates in the model for 24-hour in-hospital RBC transfusion volume included gender,
ISS, admission SBP, admission HR, shock on admission, admission INR, admission
hemoglobin, and emergent abdominal, thoracic, or vascular operation. Covariates in the
model for TIC included gender, race, ISS, admission SBP, admission base deficit, alcohol
intoxication, admission hemoglobin and TMPM predicted mortality. The model of in-
hospital survival included covariates described above for 24-hour survival with the addition
of in-hospital complications. Collinearity was assessed using variance inflation factors and
any covariate with a value >10 was removed from final models.

Subgroup analysis was performed for patients undergoing air medical transport from the
scene of injury. This subgroup of patients is of particular interest as they had no opportunity
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to receive treatment or blood products prior to air medical crew interventions and transport,
and thus received true prehospital RBC transfusion. As transfer and scene trauma patients
are frequently considered to be different populations for this reason, the propensity score
matching procedures described above were performed separately among scene patients to re-
estimate the likelihood of receiving RBC transfusion during transport and generate matched
treatment and control air medical scene transport patients. Transfer status and RBC volume
prior to HEMS arrival were omitted in estimation of the propensity score for scene patients.
Similar conditional logistic regression and mixed-effects linear regression models described
above were used to determine the association of PTC RBC transfusion among air medical
scene transport patients with the outcomes of interest.

For univariate comparisons, Chi-square tests and Wilcoxon rank-sum tests were used for
categorical and continuous variables respectively. A p value <0.05 was considered
significant with 2-sided tests. Data analysis was conducted using STATA version 13
(College Station, TX). This study was approved by the Institutional Board Review at the
University of Pittsburgh.

RESULTS

There were 8,616 air medical trauma patients identified (Figure 1), including 255 patients
receiving PTC RBC transfusion during HEMS transport. During propensity score matching,
240 PTC RBC patients were matched to 480 control patients, giving 720 matched treatment
and control patients for analysis. After matching, no variable included in the estimation of
the propensity score remained unbalanced with an absolute value of the standardized
difference >0.2 (Figure 2), and overall standardized bias was reduced from 63.8% to 6.3%.
The propensity score model C-statistic was 0.915 indicating excellent discrimination, and
the Pearson goodness-of-fit test was non-significant (p=0.99) indicating adequate data fit.

Table 2 summarizes and compares characteristics of treated and control patients. PTC RBC
patients had higher admission INR, ISS, TMPM predicted mortality, and more emergent
operations. Both groups exhibited signs of prehospital shock with hypotension and
tachycardia. Time at the referring facility for transferred patients was similar between
groups. Of transferred patients receiving PTC RBC, 44% received PTC RBC transfusion
only from HEMS while the remaining 56% received RBC transfusion from both the
referring facility and HEMS. PTC RBC patients had lower unadjusted 24-hour survival with
higher unadjusted shock on admission and TIC. Unadjusted 24-hour RBC and plasma
requirements were similar. For safety outcomes, ARDS was similar between groups
(p=0.61). No transfusion reactions occurred during PTC RBC transfusion. Only one
transfusion reaction overall occurred, which was in the PTC RBC group (0.4%) during an
in-hospital RBC transfusion with no long-term sequelae.

After adjustment, PTC RBC was independently associated with a nearly 5-fold increase in
odds of 24-hour survival (Table 3). PTC RBC was also independently associated with a 72%
reduction in the odds of shock on admission (Table 3). PTC RBC was independently
associated with a more than 3unit lower 24-hour RBC transfusion volume (Coef —-3.6 RBC
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units; 95%CI 7.0, -0.2, p=0.04). PTC RBC transfusion was not associated with TIC
(p=0.17) or in-hospital survival (p=0.90).

There were 4,977 air medical trauma patients transported from the scene of injury, including
80 patients receiving PTC RBC transfusion during HEMS transport. During propensity
score matching, 71 PTC RBC patients were matched to 142 control patients, giving 213
matched treatment and control patients for analysis. After matching, no variable included in
the estimation of the propensity score remained unbalanced with an absolute value of the
standardized difference >0.2 (Figure 3), and overall standardized bias was reduced from
92.1% to 9.4%. The propensity score model C-statistic was 0.959 indicating excellent
discrimination, and the Pearson goodness-of-fit test was non-significant (p=1.00) indicating
adequate data fit.

PTC RBC scene patients were more likely to be male, had a higher admission INR, and
more likely to undergo emergent operation (Table 4). Again, both groups exhibited signs of
prehospital shock with hypotension and tachycardia. Unadjusted 24-hour survival as well as
shock on admission, 24-hour RBC and plasma transfusion volume, and TIC were similar
between groups. For safety outcomes, ARDS was again similar between groups (p=0.07).
No transfusion reactions occurred in patients transported from the scene.

In patients transported by HEMS from the scene, PTC RBC was independently associated
with a more than 6-fold increase in odds of 24-hour survival (Table 3). PTC RBC was also
independently associated with a 76% reduction in the odds of shock on admission (Table 3).
PTC RBC was independently associated with a more than 4unit lower 24-hour RBC
transfusion volume (Coef —4.5 RBC units; 95%Cl -8.3, 0.7, p=0.02). PTC RBC
transfusion again was not associated with TIC (p=0.30). PTC RBC exhibited a trend towards
an association with increased odds of in-hospital survival; however this did not reach
statistical significance (Table 3; p=0.10).

DISCUSSION

This is the largest study to date examining outcomes associated with PTC RBC transfusion
in civilian trauma patients. The current data demonstrate that PTC RBC transfusion is
strongly associated with an increase in the odds of 24-hour survival among severely injured
air medical trauma patients after accounting for confounding with propensity score matching
methods. Additionally, PTC RBC transfusion is associated with less physiologic shock on
admission, as evidenced by base deficit and lactate, and a lower 24-hour RBC transfusion
requirement. PTC RBC transfusion was not associated with TIC or in-hospital survival in
this study; however there was a trend towards improved in-hospital survival in scene
patients receiving PTC RBC transfusion.

In terms of safety, no increase in ARDS was seen with PTC RBC transfusion, and no
prehospital transfusion reactions occurred during study, suggesting PTC RBC transfusion is
safe in a well-established HEMS transfusion program. Although transfusion is not without
risk, most studies demonstrating increased organ failure or ARDS are in the setting of
massive transfusion, whereas the volume of blood product that can be given in the
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prehospital phase is limited.(8, 27) Patients in this study received approximately 1 unit of
PTC RBC which was associated with a lower overall transfusion requirement in the first 24
hours. This may actually reduce the chance of requiring massive transfusion that carries the
risk of adverse outcomes. Thus, the benefit likely outweighs the risks of PTC RBC
transfusion.

These findings were present in all air medical patients, as well as the subgroup of patients
transported from the scene of injury. These results are similar to growing evidence
examining prehospital blood product transfusion. The increase in probability of 24-hour
survival likely represents improved physiologic status on admission, evidenced by less
shock in the treatment group. RBC transfusion serves both as a volume expander and
increases oxygen carrying capacity that is critical to cell metabolism during hypoperfusion.
It has become increasingly evident that the earliest events in the post-injury inflammatory
cascade can have profound detrimental effects, and intervening as early as possible in this
cascade may improve outcomes.(7, 28-31) Prior practice calling for 2L of rapid crystalloid
infusion in trauma has been shown to be associated with these inflammatory disturbances,
resulting in systemic acquired coagulopathy with hemodilution, hypothermia, and
hyperchloremic acidosis.(32) Prehospital crystalloid has also been associated with
hyperfibrinolysis and increased mortality, leading to recommendations for a more balanced
resuscitation limiting crystalloid in favor of early blood product administration.(11, 33, 34)

This evidence and internal review of our own program has led to more aggressive use of
PTC RBC transfusion by our air medical providers over time, who frequently contact
medical command for RBC transfusion orders early in trauma patients with evidence of
ongoing hemorrhage. The initial protocol originally called for 2L of crystalloid and was
revised to only 1L of crystalloid including any volume received prior to the air medical
provider's arrival. Based on the cohort represented in the current study results, we believe
patients with obvious shock as evidenced by significant hypotension, tachycardia, and more
recently elevated lactate following injury would be better served with immediate initiation
of RBC transfusion rather than giving crystalloid first. We are reviewing our current
protocol for possible revision to allow immediate initiation of RBC transfusion by air
medical providers with these signs of shock in trauma patients.

The military has pioneered the forward use of prehospital RBC transfusion. Both US and
UK medevac platforms have implemented prehospital RBC transfusion capabilities for
casualties at the point of wounding.(18, 19) Survival for these advanced platforms including
prehospital RBC transfusion is greater than predicted.(35) An evaluation of advanced en-
route prehospital capabilities demonstrated a 37% reduction in 30-day mortality among
casualties with 1SS>15.(20) In this study one-third of patients with 1SS>15 received
prehospital RBC transfusion. A recent review of the UK military experience matched 97
combat casualties who received prehospital blood products to control patients prior to the
availability of prehospital transfusion, demonstrating an 11% lower in mortality in casualties
receiving prehospital RBC and plasma transfusions.(21) This encouraging military
experience has stimulated interest in the civilian arena.
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Civilian evidence of effectiveness for prehospital RBC transfusion is less developed. Early
studies demonstrated utilization of PTC RBC in a HEMS program required careful
monitoring and defined arrangements with a blood bank, but overall was feasible and safe.
(15, 16) As this practice became more common in HEMS programs, small studies emerged
evaluating outcomes in trauma patients receiving PTC RBC transfusion. Sumida compared
17 patients receiving PTC RBC with 31 patients receiving more than 2L of crystalloid only.
(36) The authors found no difference in unadjusted outcomes despite longer prehospital time
and higher base deficit in the PTC RBC group.

Our group reviewed the experience with PTC RBC transfusion in the severely injury Glue
Grant Cohort.(22) In that study we found a reduction in 24-hour mortality, 30-day mortality,
and TIC among patient receiving RBC transfusion within 2hours prior to arriving at a
trauma center. This study was limited by small numbers (50 patients in treatment group, 26
scene transport patients), inability to determine other blood products transfused, and
inability to determine timing of RBC transfusion (at referring facility versus during
transport). Further, we could not determine transport mode, and it was unclear what role
HEMS may have played in the survival benefits given previous evidence supporting HEMS
in trauma.(37-39) Given the encouraging results of this prior study despite the limitations,
we undertook the current study with a larger and better defined population. In restricting the
study population to air medical patients, we were able to ensure a consistent level of
prehospital care while isolating the effects of RBC transfusion received specifically during
transport, confirming significant early benefits of PTC RBC transfusion in air medical
trauma patients.

Two groups have examined the effect of PTC RBC and plasma transfusion in HEMS
programs. Kim and colleagues compared 9 patients receiving PTC RBC and plasma
transfusion with 50 patients receiving only PTC RBC.(40) They noted improved coagulation
status on admission and plasma:RBC ratios closer to 1:1 in the first 24-hours, but no
differences in mortality. More recently, Holcomb et al reviewed their experience with
prehospital RBC and plasma transfusion in 137 trauma patients.(23) The authors reported
prehospital transfusion was associated with less shock on admission, decreased 24-hour
blood requirements, and improved survival over the first 6-hours in patients requiring ICU
admission, emergent operation, or who died in the ED. Importantly, this group also
documented less than 2% of blood product was lost to expiration among nearly 1,000 units.

The current results support prior findings with improved admission physiology and lower
24-hour transfusion requirements. Our finding of improved 24-hour survival is not universal
among previous work; however many prior studies looking at survival were small or did not
adjust for confounding variables. Additionally, as no randomized trial exists, all studies are
comparing prehospital RBC patients that are more severely injured with higher risk of death
than those not receiving prehospital RBC transfusion. Our use of propensity score matching
may account for the improved survival seen in our study. Propensity score matching is a
more robust method than multivariable regression adjustment, reducing potential bias and
confounding by matching treated and control patients based on their likelihood of being
exposed to the treatment taking into account observed variables that would be expected to
influence treatment assignment.(41)
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We did not see improvements in TIC or longer term survival as in our prior study.(22)
Although these findings were unexpected in that study, we postulated the attenuated
endothelial activation associated with RBC transfusion coupled with lower crystalloid
administration may reduce inflammation and coagulopathy through these mechanisms.(31)
In turn less TIC and inflammation may mediate reduced 30 day mortality. However other
factors in the prior study may have contributed to these observations. In addition to the
limitations noted above, we had no information on plasma that may have been given prior to
arrival at the trauma center and could not exclude patients that received plasma prior to
trauma center arrival as done in this study. The cohort in the prior study was more severely
injured with a median 1SS 15-20 points higher which may influence differences in TIC and
longer term survival. Finally, our prior study evaluated patients enrolled in the Inflammation
and the Host Response to Injury Collaborative which included highly protocolized care and
prospective collection of in-hospital data. These factors were not present in the current study
and likely have some influence in assessing competing risks on mortality during
hospitalization and evaluating in-hospital survival.

Damage control resuscitation emphasizing early blood product resuscitation has become
standard of care in both military and civilian hospital settings.(6, 42, 43) The patients
represented in the current study are very similar to the severely injured populations that have
been shown to benefit from early high ratios of plasma to blood transfusion. Studies
evaluating high ratios of plasma to RBC in-hospital report effect sizes ranging from 2.6 to
7.6 increased odds of survival, and the current results are within this range.(1, 5, 6, 8, 44)
Thus, extending this concept into prehospital care is compelling, as the addition of plasma to
PTC RBC transfusion may provide further opportunity to correct early coagulopathy and
optimize prehospital resuscitation. This may portend even greater outcome benefits in
patients in traumatic shock similar to those studied here.(23) The availability of prehospital
blood products is increasing and as a result, the Department of Defense is funding 3 separate
multicenter randomized trials to evaluate outcomes for the use of prehospital plasma
transfusion in both air medical and ground transport trauma patients.(45-47) The
multicenter Prehospital Air Medical Plasma (PAMPer) trial, coordinated by our group, will
offer a unique opportunity to investigate the effects of PTC RBC and plasma. Of the 6
participating sites, 3 provide PTC RBC transfusion while 3 do not, allowing us to explore
the effect of PTC plasma with and without PTC RBC transfusion to determine any additive
or synergistic effects. The promising results of the current and prior studies of prehospital
RBC transfusion, combined with the outcomes of these pending trials may usher damage
control resuscitation to the forefront of prehospital trauma care.

These results may appear to be at odds with the current practice of permissive hypotension
in the prehospital phase until definitive hemorrhage control is achieved, particularly in
penetrating trauma.(17, 48) This concept, however, has evolved during a period in which the
only prehospital resuscitation fluid available was crystalloid. Crystalloid itself has been
shown to have many deleterious metabolic and inflammatory effects, and this may have
contributed to the poor outcomes associated with large volumes of crystalloid.(4, 49, 50) A
more contemporary analysis suggest judicious use of prehospital crystalloid may improve
outcomes, particularly if not raising the blood pressure into the normal range.(12) Further
evidence has shown that correction of hypotension in severely injured blunt trauma patients
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without pushing the blood pressure to normal levels may have some benefit.(11) In the
current study the SBP was higher on admission than in the field, which may have restored or
maintained perfusion without returning to normotensive levels that exacerbate hemorrhage.
This is particularly evident in scene patients receiving PTC RBC.

The decisions of which patient and when to initiate blood transfusion in the field are not
clear cut. Given the cohort studied here, those that appear to benefit from PTC RBC are
patients with obvious shock demonstrated by profound hypotension (SBP <80mmHg,
particularly in scene patients) and tachycardia (HR >110bpm) at least once during transport.
More recently prehospital point of care lactate have become available and elevations
>4mmol/L are characteristic of this cohort benefiting from PTC RBC. Thus these measures
would likely be useful as criteria to identify patients who are most likely to benefit from this
intervention.

This study has several limitations. First are those inherent to a retrospective design. As
noted, observational data are subject to selection bias in treatment groups; however we used
propensity score matching to mitigate this bias. Despite this, only observed confounders can
be utilized in the propensity score and unmeasured confounding may remain. Second, this is
a single center study utilizing a single HEMS program and the outcomes may not generalize
to other settings with different prehospital and trauma system characteristics. We were
limited to using INR to define TIC, as thromboelastography on admission was not routinely
performed, but represents a better measure of TIC.(51) Potential survival bias is possible, as
patients must survive long enough to receive a PTC RBC transfusion; however we were able
to capture all patients for which STAT MedEvac was activated. Further, treatment and
control cohorts were well matched, providing a similar likelihood to undergo PTC RBC
transfusion. Missing data were present but minimal, and sensitivity analysis comparing
imputation and complete cases were very similar. Finally, we focused on early outcomes
rather than longer term survival or health-related quality of life outcomes, as it is difficult to
establish associations between prehospital interventions and in-hospital or post-discharge
outcomes given the presence of competing risks during admission, particularly in a
retrospective study.

CONCLUSION

After propensity score matching, PTC RBC was independently associated with an increased
probability of 24-hour survival, decreased risk of shock on admission, and lower 24-hour
RBC transfusion requirement in severely injured air medical trauma patients with evidence
of prehospital shock. These improved early outcomes were also present in patients
transported from the scene of injury who truly received a prehospital RBC transfusion.
These data further support the use of PTC RBC transfusion in severely injured air medical
trauma patients. Prospective study of this issue is warranted as blood products become more
readily available for prehospital resuscitation, and may lead to improved outcomes in the
severely injured patient in shock.
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ABBREVIATIONS

PTC pre-trauma center

RBC red blood cells

HEMS helicopter emergency medical services

TIC trauma induced coagulopathy

ARDS acute respiratory distress syndrome

ICU intensive care unit

ED emergency department

INR international normalized ratio

SBP systolic blood pressure

HR heart rate

GCS Glasgow Coma Scale

TMPM Trauma Mortality Prediction Model
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213 scene patients matched

71 treated patients
142 control patients

Study participant selection and propensity score matching.
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emergency medical services; HR, heart rate; SBP, systolic blood pressure.
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Figure 3.
Standardized differences for variables included in the propensity score estimation before and

after the matching procedure for air medical trauma patients transported from the scene of
injury. HEMS, helicopter emergency medical services; HR, heart rate; SBP, systolic blood
pressure.
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Table 1

Protocol for Helicopter Emergency Medical Services Red Blood Cell Transfusion

RBC transfusion should be administered after 1-2L of crystalloid total has been received by an
injured patient and any one of the following are present:

Hypotension with systolic blood pressure <90 mmHg
Changes in mental status

Changes in skin color (pallor, mottling or cyanosis)
Tachycardia with heart rate >120 beats per min
Capillary refill >2 seconds

Urine output <30 mL/h for 24 h (inter-facility transports)
Lactate level 24 mmol/L

Shock index (HR/SBP) >0.9

© 0O N oo o~ W N

RBC transfusion initiated at a referring facility (inter-facility transports)

In cases of penetrating wounds or clinical evidence of active bleeding, RBC may be initiated
earlier through consultation with a medical command physician.

HEMS, helicopter emergency medical services; RBC, red blood cells; HR, hHeart rate; SBP, systolic blood pressure.
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Demographics, Injury Characteristics, and Outcomes in Pre-Trauma Center Red Blood Cell and No Pre-
Trauma Center Red Blood Cell Groups

Table 2

Characteristic PTC RBC No PTC RBC p sp*
n =240 n =480 Value
Age, y, median (IQR) 49 (28, 71.5) 49 (31, 68) 059 | -0.102
Sex, male, n (%) 165 (69) 321 (67) 0.61 -
Race, n (%) 0.02 -
White 211 (88) 441 (92) - -
Black 29 (12) 30 (6) - -
Asian 0(0) 6(1) - -
Other 0(0) 3(1) - -
Transferred, n (%) 163 (68) 75 0.04 | -0.065
Time at referring facility, min, median (IQR)T [ 131 (76, 193) 139 (76, 236) 0.35 -
Mechanism of injury, n (%) 0.38 -0.151
Blunt 191 (80) 395 (82) - -
Penetrating 49 (20) 85 (18) - -
Prehospital transport time, min, median (IQR) 23 (17, 40) 23 (17, 38) 0.99 -
Transport distance, miles, median (IQR) 35.4(23.5,64.9) | 36.5(23.4,67.1) 0.72 -0.008
Prehospital SBP, mmHg, median (IQR) 84 (66, 106) 88 (73, 109) 0.13 -0.101
Prehospital HR, beats/min, median (IQR) 114 (93.5, 136) 113 (96, 131) 0.81 -0.023
Prehospital GCS, median (IQR) 13 (3, 15) 14 (3, 15) 0.26 -
Pre-HEMS crystalloid, mL, median (IQR) 800 (200, 2000) | 1000 (200, 1950) | 0.50 | -0.175
Pre-HEMS RBC, mL, median (IQR) 0 (0, 150) 0 (0, 0) 0.01 0.166
HEMS crystalloid, mL, median (IQR) 500 (100, 1000) | 400 (100,1000) | 0.31 | 0.154
HEMS RBC, mL, median (IQR) 300 (200, 500) - - -
Prehospital lactate, mmol/L, median (IQR)¢ 4.0(23,6.7) 2.6(1.7,5.0) <0.01 -
Admission SBP, mmHg, median (IQR) 106 (80, 132) 110 (91, 130) 0.07 -
Admission INR, median (IQR) 1.4(1.2,1.9) 1.2(1.1,1.6) <0.01 -
Admission hemoglobin, g/dL, median (IQR) 11.5(9.8,13.1) 12.0 (9.9, 13.4) 0.19 -
Injury severity score, median (IQR) 18 (10, 29) 17 (9, 27) 0.05 -
TMPM probability of death, median (IQR) 0.12 (0.04,0.34) | 0.11(0.02, 0.31) 0.05 -
Shock on admission, n (%) 139 (58) 226 (47) <0.01 -
24-hour RBC, U, median (IQR) 5(2, 11) 4(2,9) 0.06 -
Emergent operation, n (%)§ 84 (35) 86 (18) <0.01 -
24-h Plasma, U, median, (IQR) 5 (3, 10) 4 (3,10) 0.98 -
24-h Platelets, U, median, (IQR) 1(1,3) 1(1,2) 0.01 -
TIC, n (%) 113 (47) 149 (31) <0.01 -
ARDS, n (%) 5(2) 14 (3) 0.61 -
24-h Survival, n (%) 187 (78) 394 (82) 0.16 -
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Characteristic PTC RBC No PTC RBC p sp*
n =240 n =480 Value
In-hospital survival, n (%) 166 (69) 365 (76) 0.03 -

*

Represents the standardized difference between groups after matching for variables used in propensity score estimation. Differences in the
absolute value for the standardized difference >0.2 are considered imbalance between groups after matching. Values only reported for variables in
the propensity score; - indicates no value calculated.

TTime in transfer patients only.
iPrehospital lactate measurement began in 2009; n = 113 in PTC RBC group, n = 251 in No PTC RBC group

§ . . .
Includes emergent abdominal, thoracic, or vascular operations.

PTC RBC, Pre-trauma center red blood cells; SD, Standardized difference; SBP,Systolic blood pressure; HR, Heart rate; GCS, Glasgow Coma
Scale; HEMS, Helicopter emergency medical services; INR, International normalized ratio; TMPM, Trauma mortality prediction model; TIC,
Trauma induced coagulopathy; ARDS, Acute respiratory distress syndrome.
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Table 3

Adjusted Odds Ratios from Conditional Logistic Regression for Pre-Trauma Center Red Blood Cells
Transfusion in Primary and Secondary Outcomes among All Helicopter Emergency Medical Services Patients
and Helicopter Emergency Medical Services Patients Transported from the Scene of Injury

AOR for PTC RBC 95%ClI VaF;ue

All HEMS

24-h survival 491 1.51, 16.04 0.01

Shock on admission 0.28 0.09, 0.85 0.03

TIC 1.39 0.87,2.24 0.17

In-hospital survival 1.06 0.42,2.61 0.90
Scene HEMS

24-h survival 6.31 1.88,21.14 | <0.01

Shock on admission 0.24 0.07, 0.80 0.02

TIC 2.02 0.53,7.71 0.30

In-hospital survival 4.32 0.76, 24.72 0.10

PTC RBC, Pre-trauma center red blood cells; HEMS, Helicopter emergency medical services; AOR, Adjusted odds ratio; 95%Cl, 95% Confidence
interval; TIC, Trauma induced coagulopathy.
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Table 4

Page 22

Demographics, Injury Characteristics, and Outcomes in Pre-Trauma Center Red Blood Cells and No Pre-

Trauma Center Red Blood Cells Groups for Scene Air Medical Transport

PTCRBC

No PTC RBC

n=71 n=142 Value | SD"
Age, y, median (IQR) 42 (24, 55) 37 (25, 65) 0.77 | 0.038
Sex, male, n (%) 59 (83) 89 (68) 0.02 -
Race, n (%) 0.18 -
White 62 (87) 131 (92) - -
Black 9 (13) 9 (6) - -
Asian 0 (0) 0 (0) - -
Other 0(0) 3(2) - -
Mechanism of injury, n (%) 0.67 -0.094
Blunt 51 (72) 98 (69) - -
Penetrating 20 (28) 44 (31) - -
Prehospital transport time, min, median 19 (15, 23) 20 (16, 24) 0.33 -
(IQR)
Transport distance, miles, median (IQR) 34.??9(3?.3, 33.2(26.8, 40.8) 0.50 0.001
Prehospital SBP, mmHg, median (IQR) 72 (60, 91) 80 (60, 92) 0.47 0.054
Prehospital HR, beats/min, median (IQR) 131 (104, 146) 120 (100, 140) 0.27 0.009
Prehospital GCS, median (IQR) 13 (3, 15) 12 (3, 15) 0.95 -
Pre-HEMS crystalloid, mL, median (IQR) 500 (100, 1200) | 500 (100, 1000) 0.95 -0.125
HEMS crystalloid, mL, median (IQR) 1000 (500, 1000 (500, 091 | 0.193
1800) 1500)
HEMS RBC, mL, median (IQR) 300 (200, 500) - - -
Prehospital lactate, mmol/L, median (IQR)T | 6.1 (4.7, 6.6) 4.1(27,6.6) 0.02 -
Admission SBP, mmHg, median (IQR) 82 (60, 92) 104 (81, 126) 0.01 -
Admission INR, median (IQR) 15(1.2,2.0) 1.3(1.2,1.6) 0.04 -
Admission hemoglobin, g/dL, median (IQR) 11.4 (10.1, 11.35(9.75, 0.27 -
12.9) 12.7)
Injury severity score, median (IQR) 22 (10, 34) 22 (13, 29) 0.90 -
TMPM probability of death, median (IQR) 0.19 (0.05, 0.18 (0.07,0.36) | 0.53 -
0.39)
Shock on admission, n (%) 51 (72) 99 (70) 0.74 -
Emergent operation, n (%)i 34 (48) 40 (28) <0.01 N
24-h RBC, U, median (IQR) 8(2,18) 9(3,13) 0.66 -
24-h Plasma, U, median (IQR) 8 (4,14) 9 (5,12) 0.96 -
24-h Platelets, U, median (IQR) 2(1,6) 2(1,3) 0.35 -
TIC, n (%) 37 (52) 51 (36) 0.06 -
ARDS, n (%) 3(4) 1(1) 0.07 -
24-h survival, n (%) 48 (68) 105 (74) 0.33 -
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PTC RBC No PTC RBC p o
n=71 n=142 Value | SD
In-hospital survival, n (%) 45 (63) 94 (66) 0.68 -

Page 23

*

Represents the standardized difference between groups after matching for variables used in propensity score estimation. Differences in the
absolute value for the standardized difference >0.2 are considered imbalance between groups after matching. Values only reported for variables in
the propensity score; - indicates no value calculated.

TPrehospital lactate measurement began in 2009; n = 37 in PTC RBC group, n = 77 in No PTC RBC group.

t . . .
Includes emergent abdominal, thoracic, or vascular operations.

PTC RBC, Pre-trauma center red blood cells; SD, Standardized difference; SBP, Systolic blood pressure; HR, Heart rate; GCS, Glasgow Coma
Scale; HEMS, Helicopter emergency medical services; INR, International normalized ratio; TMPM, Trauma mortality prediction model; TIC,
Trauma induced coagulopathy; ARDS, Acute respiratory distress syndrome.
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