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Abstract

Background—The Pragmatic Randomized Optimal Platelet and Plasma Ratios (PROPPR) study
evaluated the effects of plasma and platelets on hemostasis and mortality after hemorrhage. The
pulmonary consequences of resuscitation strategies that mimic whole blood, remain unknown.

Methods—A secondary analysis of the PROPPR study was performed. Injured patients predicted
to receive a massive transfusion were randomized to 1:1:1 vs. 1:1:2 plasma-platelet-RBC ratios at
12 Level I North American trauma centers. Patients with survival >24 hours, an ICU stay, and a
recorded PaO,/FiO, (P/F) ratio were included. ARDS was defined as a P/F ratio <200, with
bilateral pulmonary infiltrates, and adjudicated by investigators.

Results—454 patients were reviewed (230 received 1:1:1, 224 1:1:2). Age, sex, injury
mechanism, and regional abbreviated injury scale (AlS) scores did not differ between cohorts.
Tidal volume, PEEP, and lowest P/F ratio did not differ. No significant differences in ARDS rates
(14.8 vs. 18.4%), ventilator-free (24 vs. 24) or ICU-free days (17.5 vs. 18), hospital length of stay
(22 vs. 18 days), or 30-day mortality were found (28 vs. 28%). ARDS was associated with blunt
injury (OR 3.61[1.53-8.81] p<0.01) and increasing chest AIS (OR 1.40 [1.15-1.71] p<0.01). Each
500 mL of crystalloid infused during hours 0-6 was associated with a 9% increase in the rate of
ARDS (OR 1.09 [1.04-1.14] p<0.01). Blood given at 0-6 or 7-24 hours were not risk factors for
lung injury.

Conclusion—Acute crystalloid exposure, but not blood products, is a potentially modifiable risk
factor for the prevention of ARDS following hemorrhage.

Keywords
massive hemorrhage; resuscitation; trauma; lung injury; damage control resuscitation

INTRODUCTION

Acute respiratory distress syndrome (ARDS) continues to be a significant driver of trauma
patient morbidity and mortality 50 years after its first description.(1) In a recent, prospective
cohort of approximately 30,000 critically ill patients, 10.4% fulfilled diagnostic criteria for
ARDS.(2) In this predominantly medical population, mortality ranged from 34.9% to 46.1%
depending on the Berlin classification for disease severity.(3) The incidence of ARDS in
trauma-specific populations ranges from 3% to 40% depending on the severity of injury,
definition applied, and the resuscitative needs of the patient; however, mortality rates parallel
those described in the medical literature.(4-7) Despite clarity for defining ARDS and
validation of clinical interventions, patients with underlying ARDS are often unrecognized
and inappropriately managed. In a large, international, observational trial in which a
computer algorithm defined the presence of ARDS by submitted data, clinical recognition of
the disease ranged from 51% in mild to 78% in severe ARDS.(2) Furthermore, less than
two-thirds of the ARDS population received lung protective mechanical ventilation
including tidal volumes of 6 ml/kg and moderate positive end-expiratory pressure (PEEP),
an accepted ARDS best practice.(2, 3, 8, 9)
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Further confusion surrounds the safety of recent resuscitation practices in those with active
hemorrhage in regards to negative pulmonary sequelae. When the strategy of damage control
resuscitation (DCR) is employed, providers aim to resuscitate patients with hemorrhagic
shock with blood component therapy in ratios that mimic whole blood and attempt to limit
crystalloid fluids.(10) The goal of DCR is to reduce the coagulopathy of trauma by rapidly
replenishing consumed coagulation factors and products while reducing the anticipated
hemodilution of aggressive crystalloid use.(10) Previous literature has demonstrated that in
patients who survive their initial injury, the amount of blood products transfused is
independently associated with the development of ARDS, multi-organ failure, and death.
(11-13) In contrast, secondary analysis of the PRospective Observational Multicenter Major
Trauma Transfusion (PROMMTT) study demonstrated that increasing chest injury severity,
age, and crystalloid exposure, but not blood, were risk factors for moderate to severe
hypoxemia following injury with hemorrhage.(14) However, ARDS rates were excluded
from this study.

The Pragmatic, Randomized Optimal Platelet and Plasma Ratios (PROPPR) study
demonstrated that the resuscitation of severely bleeding, trauma patients with blood products
(plasma, platelets, and RBCs) in a ratio of 1:1:1 (versus 1:1:2) achieved hemostasis faster
and less deaths due to exsanguination, although there was no difference in 30-day mortality.
(15) Although the rates of acute lung injury, ARDS, and number of ventilator-free days did
not differ between the 1:1:1 and 1:1:2 groups, further pulmonary metrics were not discussed,
nor were risks factors for ARDS evaluated in this large, multi-institutional trial.

The aim of this secondary analysis is to clarify pulmonary outcomes in high-risk patients
following severe injury with active hemorrhage after exposure to damage control
resuscitation practices. Furthermore, we aim to delineate risk factors for ARDS development
in this unique, resource-intense population. We hypothesize that pulmonary outcomes will
not differ between PROPPR resuscitation cohorts and that crystalloid, not blood, will be
implicated as an independent, modifiable factor for the development of ARDS.

MATERIALS AND METHODS

The study population consisted of severely injured patients predicted to receive a massive
transfusion admitted to 12 twelve Level | North American trauma centers recruited for the
PROPPR trial.(15) The PROPPR trial was performed under Exception From Informed
Consent (EFIC) guidelines and approved by all of the institutional review boards of
participating sites.(16) After excluding patients with a survival < 24 hours, a lack of an
intensive care unit (ICU) admission, and lack of a recorded PaO to FiO, (P/F) ratio during
days 1-7, a subset of the original 680 patients was analyzed. Demographic, injury
mechanism and severity, blood and crystalloid exposure, and pulmonary characteristics of
this subset were examined by ratio assignment (1:1:1 of plasma, platelets, RBCs vs. 1:1:2).
Intravenous (crystalloid) fluids were defined as the sum of normal saline, lactated Ringer’s,
and proprietary solutions (e.g. Normosol, Plasma-Lyte). Because of rare use, naturally or
synthetically derived colloids (e.g. albumin, hetastarch) were excluded. Direct bedside data
collection of all fluids and blood products infused, on an hourly basis, during the first 24
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hours of care occurred during the trial. Mechanical ventilator tidal volume comparisons were
made using predicted body weights (PBW, mL/kg).(17)

The primary outcome of interest was the development of acute respiratory distress syndrome
(ARDS). ARDS was defined a priorito study implementation as a P/F ratio < 200 with
bilateral pulmonary infiltrates on chest imaging (Berlin moderate to severe ARDS) as
adjudicated by site principal investigators.(3) Secondary outcomes of interest included the
timing of ARDS, the presence and timing of hypoxemia during days 1-7 as defined by a P/F
ratio < 300 mmHg without chest imaging requirements, the lowest P/F ratio on day 1 and
days 1-7, the timing of ventilator liberation, and ventilator-free days within 30 days.(14, 18,
19) Ventilator-free days within 30 days are the number of days alive and without mechanical
ventilation within the first 30 days of care. As such, those that die while receiving
mechanical ventilation are assigned a value of zero ventilator-free days. We utilized the
critical administration threshold (CAT) as a marker for a trauma subset at the highest risk of
mortality from hemorrhage.(20) Being CAT positive represented having = 3 units of RBCs
transfused in a single hour during the first 24 hours of care.

The description of continuous variables used median values (with interquartile ranges) while
proportions were used for categorical variables. Wilcoxon rank-sum, chi-square or Fisher’s
exact test were applied as appropriate. To determine the timing of first ventilator liberation
during days 0-7 and 0-30, Kaplan-Meier curves were generated. Reintubation metrics were
not examined. Multivariable logistic regression with clinically meaningful variables, with
adjustment by study site, was utilized to determine the odds of ARDS development (odds
ratio [OR] with 95% confidence intervals [CI]). Significance was defined as p < 0.05. Data
analysis was performed using SAS version 9.4 (Cary, NC).

RESULTS

Of the 680 patients enrolled in the PROPPR trial, 454 were included in these analyses after
the application of the exclusion criteria (1:1:1 n=230, 1:1:2 n=224). Patient demographics to
include age, sex, actual and predicted body weight, and mechanism of injury were evenly
balanced between blood ratio assignments (Table 1). Rates of emergency department (ED)
systolic blood pressure < 90 mmHg and heart rate > 110 beats per minute as well as lactate
and base deficit, Glasgow Coma Scale and respiratory rates were not different between
groups. Injury severity as measured in totality by the Injury Severity Score (ISS) and
individual head, chest, abdomen and extremity abbreviated injury scores (AIS) did not differ.

Approximately 50% of the cohort received a massive transfusion defined as =10 units of
RBC during the first 24 hours. Those randomized to 1:1:2 had a significantly higher rate of
being critical admission threshold (CAT) positive (92.9 vs. 83.9%, P < 0.01). The exposure
to component therapy as well as crystalloid was investigated during the pre, during, and
post-randomization periods when products were delivered as 1:1:1 or 1:1:2 as well during
the first 6 and 24 hours by similar assignment (Table Electronic 1). As expected, the 1:1:1
cohort was exposed to a higher ratio of plasma to RBCs, and overall units of plasma and
platelets (one unit = six packs) during the randomization period. The 1:1:1 cohort also had
significantly higher exposures to plasma and platelets units during the 0-6 and 0-24 hour
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intervals. Those in the 1:1:2 group, had a significantly higher ratio of plasma to RBCs post-
randomization. This group also had more RBCs transfused during the randomization period.
The 1:1:2 cohort had more post-randomization plasma and platelet needs. The exposure to
crystalloid during the pre, during, and post-randomization periods as well as during the first
0-6 and 0-24 hour intervals did not differ by ratio category.

Overall, 75 patients developed ARDS (16.5%). ARDS occurrence did not differ by ratio
assignment (14.8 vs. 18.3%, 1:1:1 vs. 1:1:2, Table 2). There was a trend towards ARDS
occurring 1.5 days earlier in those receiving 1:1:2 (p=0.06). The rate of hypoxemia (81.3 vs.
76.8%) and day of occurrence during the first 7 days of care (both on day 1) did not differ by
group. Furthermore, the lowest P/F ratio and highest PEEP applied on day 1 and during days
1-7 did not differ. The greatest tidal volume delivered by PBW on day 1 and on days 1-2 was
unchanged by the groups. Ventilator-free days in the first 30 days of care (24 days free of
mechanical ventilation) were nearly identical between the cohorts. This led to the same rate
of successful ventilator liberation during the first 7 and 30 days of hospitalization regardless
of blood ratio treatment (Figure 1 and 2).

The investigation of risk factors for the development of ARDS was applied to the entire
study group (Table 3). Clinically selected variables significant in the univariate analyses for
the development of ARDS included age, blunt mechanism of injury, head, chest and
extremity AlS, as well as intravenous crystalloid fluids (I\VFs) given, by 500 mL aliquots,
during hours 0-6. Multivariable logistic regression determined that blunt mechanism of
injury (OR 3.61 [CI 1.53-8.51], P < 0.01), chest AIS (OR 1.40 [CI 1.15-1.71], P < 0.01), and
IVFs provided during hours 0-6 (by 500 mL aliquots, OR 1.09 [CI 1.04-1.14], P <0.01) as
significant risk factors for ARDS. The difference in IVFs provided during the first 6 hours of
resuscitation between those with and without ARDS was a median of 12 (6.8-16.2) vs. 8
(4-13.2) 500 mL boluses (P < 0.0001), or approximately 2 liters (Figure 3).

DISCUSSION

In this study, we demonstrate that the rate of developing ARDS after utilization of damage
control resuscitation in our high-risk population is relatively low at 16.5%. This rate did not
differ by PROPPR resuscitation cohort. Other parameters of pulmonary morbidity to include
day of ARDS diagnosis, rate and day of hypoxemia, tidal volume and PEEP application, and
ventilator liberation did not differ between those in the 1:1:1 vs. 1:1:2 groups. The only
potentially modifiable risk factor for the development of ARDS was crystalloid exposure
during hours 0-6. A median of 2 liters difference during this time interval separated those
with and without ARDS.

The safety profile of damage control resuscitation principles that provide significantly more
plasma and platelets to patients while limiting crystalloid continue to support its application
to those with active hemorrhage. More specifically, we failed to demonstrate a significant
association of RBCs, plasma or platelets, given at 0-6 or 7-24 hours after admission, to the
development of ARDS within a PROPPR cohort of approximately 450 patients. As
expected, those in the 1:1:1 cohort received significantly more plasma and platelets at both
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intervals though had similar rates of ARDS, hypoxemia, and duration of mechanical
ventilation compared to those in the 1:1:2 group.

Early work within trauma populations indicated that blood transfusions, to include RBCs,
FFP and platelets, were independent risk factors for ARDS, multiple organ failure, and
death.(12, 21, 22) Within this and recent works of our group, blood products fail to be
associated with hypoxemia and ARDS.(14, 15) Initial concerns for the widespread
application of DCR were rooted in reports of lung injury temporally related to the
transfusion of blood products. Termed transfusion-related lung injury (TRALI), this
neutrophil-mediated condition, occurring within six hours of transfusion, mimics the clinical
picture of ARDS.(23) Both plasma and platelets have been implicated as having the largest
risk for the development of TRALI in recipients who died of the disease (OR 12.5, OR 7.9
respectively, relative to RBCs transfused).(24) Nonetheless, previous works investigating
TRALLI failed to account for intravenous crystalloid exposures in a disease entity that
continues to be exceedingly rare. In the United States, the reported incidence of TRALI is
between 1/1,323 to 1/5,000 transfusions.(23)

Increasing evidence continues to highlight the strong association between intravenous
crystalloid fluid exposures to the development of acute lung injury. “Crystalloid-related
acute lung injury” (CRALI) appears to be a defined entity with the potential for mitigation in
trauma patients. In PROMMTT, and now PROPPR, crystalloid has been identified as a
modifiable risk factor for the development of lung injury. We found that even a relatively
small volume of crystalloid fluid may have significant clinical effects, as each 500 mL
aliquot of crystalloid provided during hours 0-6 after admission was associated with a 9%
increased risk of ARDS. Within PROMMTT, each 500 mL unit was associated with a 6%
increase risk of moderate to severe hypoxemia if given during hours 0-6 and a 5% increase if
given during hours 7-24.(14)

Our findings support the previous seminal work of the Inflammation and the Host Response
to Injury Large Scale Collaborative Program (Glue Grant). These investigators demonstrated
that in those with a massive transfusion (= 10 units RBC, n = 452), an elevated crystalloid to
RBC ratio at the end of the first 24 hours was independently associated with an increased
risk ARDS (OR 2.2).(25) When investigating the impact of crystalloid on all patients (n =
1754), not just those with a massive transfusion, 24-hour exposure was significantly related
to the development of acute lung injury/ARDS when controlling for age, admission Glasgow
coma scale, injury and acute physiology severity, preexisting comorbidities, and colloid and
blood products infused.(26)

Though the Glue grant focused on blunt injured patients only, investigators that included
penetrating injuries have demonstrated comparable findings. Early work by Plurad et a/,
associated a fluid balance of >2 liters in the first 48 hours as a risk factor for the
development of ARDS.(27) Cotton et a/ demonstrated that a significant reduction in
crystalloid exposure at 24 hours (13.9 to 5.0 L) was associated with a similar trend for
ARDS (4.6 to 0.9%) in a study population with a penetrating rate of 31% requiring damage
control laparotomy.(28) In a 10-year review of DCR implementation in a study population
receiving massive transfusions with a penetrating injury rate of 52%, Campion et a/ reported
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a significant decrease in crystalloid exposure and improving P/F ratios during the first 24
hours of care.(29)

Our finding of direct pulmonary injury as independent factors for the development of ARDS
continues to support historical literature. Hudson et a/ demonstrated in 1995 that pulmonary
contusion, multiple fractures (two or more major long bones, an unstable pelvic fracture, or
one major long bone and a major pelvic fracture), and multiple transfusions as presenting
clinical risks for the development of ARDS in a trauma cohort.(4) When only one of these
factors was present, multiple fractures were associated with the lowest risk of ARDS
development (11.1%), while pulmonary contusion (21.8%) and multiple transfusions (25%)
were higher. ARDS developed at a rate of 47% in those with multiple transfusions and a
combination of pulmonary contusions or multiple fractures. Our group has used chest AIS
score as a surrogate for direct thoracic injury. In this current study, increasing chest AlS has
been shown to be an independent factor for the development of lung injury. Though not
modifiable variables, these specific injury patterns should serve to alert clinicians to possible
pulmonary decompensation so that early interventions, specifically the reduction of
crystalloid, may occur.

We do recognize several limitations of this work. This study represents a secondary analysis
of the PROPPR trial that was originally powered for the primary outcomes of 24-hour and
30-day all-cause mortality. As such, investigations of lung injury continue to represent a
minority of complications accrued within this cohort. Nonetheless, both intervention groups
within our subpopulation appear evenly matched for baseline characteristics and were
accrued from multiple Level I, high-volume, trauma centers throughout North America. The
definition of ARDS for this study represented the 1994 American-European Consensus
Conference recommendations and not the 2012 Berlin definition thus excluding those with
mild ARDS.(3, 8) Regardless, the adjudication of ARDS was made by site principal
investigators familiar with the diagnostic criteria and after review of clinical as well as
radiographic data. Unfortunately, the intensity of pulmonary care delivered and specific
ventilatory settings and modes (invasive and non-invasive), beyond tidal volume by ideal
body weight and PEEP, were not recorded. Future work that includes airway pressure,
driving pressure, and breath waveform analyses of this unique trauma cohort is needed.
Though crystalloid was implicated as a risk factor for ARDS, the unrecorded, precipitating
events requiring crystalloid may be confounding variables associated with negative
pulmonary outcomes. Future work will need to untangle the events requiring intravenous
fluids and blood administration during the acute phases of resuscitation. Finally, the results
of this trial may not be widely applicable as they represent mostly urban centers with mature
infrastructure to deliver interventions consistent with damage control resuscitation and
advance critical care techniques.

To conclude, acute crystalloid exposure, but not blood products, emerges as a modifiable
risk factor for the prevention of ARDS following hemorrhage. Relatively small volumes of
crystalloid fluids given during the acute period of resuscitation appear to be associated with
the development of lung injury. We were unable to demonstrate negative pulmonary
sequelae with the use of damage control resuscitation (DCR) strategies that emphasis the
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early transfusion of products in ratios that mimic whole blood, specifically the exposure of
plasma and platelet in a population of injured patients with active hemorrhage.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Intravenous fluids given during hours 0 to 6 for those without and with acute respiratory
distress syndrome (ARDS) (P < 0.0001**).
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TABLE 1
Patient characteristics by ratio cohort
111 1:1:2 P=
(n=230) (n=224)
Age, years 34.5 (25-49) 33 (24-50) 0.65
Male sex, # (%) 179 (77.8) 182 (81.3) 0.37
Actual body weight, kg 80 (70-92.9) 82 (70.2-95.3) 0.15
Predicted body weight*, kg 70.8 (61.5-76.0) | 70.8 (64.2-77.7) [ 0.32
Blunt injury rate, # (%) 139 (60.4) 116 (51.8) 0.06
ED SBP < 90 mmHg, # (%) 76 (33.3) 66 (30.6) 0.53
ED HR > 110 beats per minute, # (%) 131 (57.0) 126 (56.5) 0.92
ED lactate, (mmol/L) 5.9 (3.9-8.5) 5.6 (3.5-8.8) 0.99
ED base deficit, (mmol/L) -8(-12--4) -8(-12--4.1) 0.91
1SS 29 (19-41) 28 (18-38) 0.31
Head AIS** 4(2-5) 3(3-5) 0.95
Chest AIS** 3(3-4) 3(3-4) 0.80
Abdomen AIS** 3(3-4) 3(3-4) 0.95
Extremities AIS** 3(254) 3(23) 0.08
Race, white, # (%) 145 (63.0) 149 (66.5) 0.44
ED GCS 14 (3-15) 14 (3-15) 0.32
ED respiratory rate, breaths per minute 20 (17-26) 21 (18-26) 0.44
Massive transfusion, # (%) 108 (47.0) 112 (50.0) 0.52
CAT* # (%) 193 (83.9) 208 (92.9) <0.01%

Continuous values are presented as medians (interquartile range)

*
P<0.05

+PBW: male= 50*0.91(centimeters of height-152.4); female = 45.5%0.91(centimeters of height-152.4)

L
medians represent non-zero values

Page 15

kg, kilograms; ED, emergency department; SBP, systolic blood pressure; HR, heart rate; ISS, injury severity score; AlS, abbreviated injury scale;

GCS, Glasgow coma scale; CAT+, critical admission threshold positive
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TABLE 2

Pulmonary outcomes by ratio cohort

L1l 112 P=
(n=230) (n=224)

ARDS, # (%) 34 (14.8) 41 (18.3) 0.35
Hospital day ARDS occurred during HD 1-7 3.5(1-6) 2 (1-4) 0.06
Hypoxemia (P/F < 300 during HD 1-7), # (%) 187 (81.3) 172 (76.8) 0.34
Hospital day hypoxemia occurred during HD 1-7 1(1-2) 1(1-2) 0.94
Lowest P/F ratio, HD 1 254 (172-373) | 258 (145-370) | 0.53
Lowest P/F ratio, HD 1-7 173 (100-278) | 156 (89.5-283) | 0.40
Highest PEEP, HD 1, (cm H,0) 5 (5-8) 5 (5-8) 0.45
Highest PEEP, HD 1-7, (cm H20) 7 (5-10) 8 (5-10) 0.44
Highest tidal volume divided by patients predicted body weight, HD 1, (mL/Kg) 7.8 (6.9-8.2) 7.8 (6.9-8.2) 091
Highest tidal volume divided by patients predicted body weight, HD 1-2, (mL/Kg) | 7.9 (7.1-8.4) 7.9 (7.1-8.6) 0.63
Ventilator days 5(2-13) 4.5 (2-14) 0.98
Ventilator-free days in 30 24 (9-27) 24 (9.5-28) 0.90
7-day mortality, # (%) 18 (7.8) 14 (6.3) 0.60
30-day mortality, # (%) 28 (12.3) 28 (12.5) 0.91

Continuous values are presented as medians (interquartile range)

*
P<0.05

ARDS, acute respiratory distress syndrome; HD, hospital day; P/F, PaO2 to FiO2 ratio; PEEP, positive end-expiratory pressure
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TABLE 3
Risk factors for the development of acute respiratory distress syndrome.
Univariate Multivariate
OR (95% Cl) | PValue | OR(95% CI) | PValue

Age (years) 1.02(1.00-1.03) | go3* | 1.01(0.99-1.03) | 0.52
Male sex 1.15(0.61-2.16) | 0.67 | 1.25(0.57-274) | 058
Blunt mechanism of injury 3.44(1.91-6.20) | g™ | 3-61(1.53-851) | <9o1*
ED SBP < 90 mmHg 0.83(0.48-145) | 052 | 0.97(0.50-1.87) | 0.93
ED HR > 110 BPM 0.75 (0.45-1.23) 0.25 0.62 (0.32-1.21) 0.16
Head AIS 1.18(1.04-1.34) | «g.01* | 1.00(0.85-1.18) 0.99
Chest AIS 145 (1.22-1.71) | <go1* | 140 (1.15-1.71) | <go1*
Abdomen AIS 0.96 (0.83-1.10) 0.53 0.85 (0.70-1.02) 0.08
Extremities AIS 1.17 (1.00-1.37) 005~ 1.01 (0.81-1.26) 0.90
RBC units given in hours 0-6 1.01 (0.99-1.04) 0.31 1.00 (0.92-1.10) 0.93
RBC units given in hours 7-24 1.02 (0.98-1.07) 0.30 0.98 (0.86-1.13) 0.80
Plasma units given in hours 0-6 1.01 (0.98-1.04) 0.44 1.09 (0.95-1.25) 0.23
Plasma units given in hours 7-24 1.02 (0.98-1.07) 0.35 1.05 (0.90-1.23) 0.55
Platelet units given in hours 0-6 1.00 (0.97-1.03) 0.90 0.95 (0.85-1.06) 0.34
Platelet units given in hours 7-24 1.01 (0.98-1.05) 0.41 0.96 (0.88-1.05) 0.40
IVFs given (by 500 mL units) in hours 0-6 1.09 (1.05-1.13) | «po1™* | 1.09(1.04-1.14) | <«0o1%*
IVFs given (by 500 mL units) in hours 7-24 1.03 (0.98-1.07) 0.23 1.02 (0.97-1.08) 0.42
Hil?lrist tidal volume divided by patients predicted body weight, HD 1-2, > 8 0.89 (0.52-1.52) 0.66 1.02 (0.54-1.95) 0.95
mL/Kg

*P <0.05

OR, odds ratio; ClI, confidence interval; ED, emergency department; SBP, systolic blood pressure; HR, heart rate; AlS, abbreviated injury scale;

RBC, red blood cell; IVFs, intravenous fluids; HD, hospital day
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