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Abstract
Background—The scope of prehospital (PH) interventions has expanded recently; not always
with clear benefit. PH crystalloid resuscitation has been challenged, particularly in penetrating
trauma. Optimal PH crystalloid resuscitation strategies remain unclear in blunt trauma as does the
influence of PH hypotension. The objective was to characterize outcomes for PH crystalloid
volume in patients with and without PH hypotension.

Methods—Data were obtained from a multicenter prospective study of blunt injured adults
transported from the scene with ISS > 15. Subjects were divided into HIGH (>500cc) and LOW
(≤500cc) PH crystalloid groups. Propensity adjusted regression determined the association of PH
crystalloid group with mortality and acute coagulopathy (admission INR>1.5) in subjects with and
without PH hypotension (SBP<90mmHg) after controlling for confounders.

Results—Of 1,216 subjects, 822 (68%) received HIGH PH crystalloid and 616 (51%) had PH
hypotension. Initial base deficit and ISS were similar between HIGH and LOW crystalloid groups
in subjects with and without PH hypotension. In subjects without PH hypotension, HIGH
crystalloid was associated with an increase in the risk of mortality (HR 2.5; 95%CI 1.3 – 4.9,
p<0.01) and acute coagulopathy (OR 2.2; 95%CI 1.01–4.9, p=0.04) but not in subjects with PH
hypotension. HIGH crystalloid was associated with correction of PH hypotension on ED arrival
(OR 2.02; 1.06–3.88, p=0.03). The mean corrected SBP in the ED was 104mmHg. Each 1mmHg
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increase in ED systolic blood pressure was associated with a 2% increase in survival in subjects
with PH hypotension (OR 1.02; 1.01–1.03, p<0.01).

Conclusions—In severely injured blunt trauma patients, PH crystalloid >500cc was associated
with worse outcome in patients without PH hypotension but not with PH hypotension. HIGH
crystalloid was associated with corrected PH hypotension. This suggests PH resuscitation should
be goal directed based on the presence or absence of PH hypotension.

Level of Evidence—II, Therapeutic Study
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INTRODUCTION
Injury is unquestionably a time sensitive disease.(1) This renders prehospital (PH) trauma
care a critical component of trauma systems. PH providers must balance initiation of life-
saving interventions following severe injury with rapid transport to a trauma center. As
emergency medical systems (EMS) have evolved, the scope of therapy has expanded
substantially. This includes initiation of intravenous access and fluid resuscitation. Although
beneficial to many, there is evidence that not all injured patients benefit from PH fluid.
Several studies support the “scoop and run” approach with limited PH interventions and
rapid transport improving outcomes in trauma patients.(2–4)

The value of PH crystalloid following injury has been questioned, as there is little evidence
of benefit. In the setting of penetrating torso trauma, hypotensive resuscitation with limited
or no crystalloid has proven effective.(5) Conversely, several groups have demonstrated no
increase in the risk of mortality with the administration of PH fluid in multiple settings.(6–8)
Further, PH resuscitation is essential to avoid secondary injury in traumatic brain injury.(9,
10)

The role of PH crystalloid resuscitation in the setting of blunt trauma remains unclear, and
there is little to guide PH providers in these patients. Current guidelines for PH fluid
resuscitation notes scarce evidence in this population and could only recommend small
boluses to achieve a palpable radial pulse or coherent mental status.(11)

The objective of the current study was to characterize outcomes associated with PH
crystalloid volume resuscitation in severely injured blunt trauma patients. As PH
hypotension has been well documented as an ominous predictor in this population,(12, 13)
we hypothesized that outcomes associated with PH crystalloid resuscitation would differ
based on the presence or absence of PH hypotension.

METHODS
Data were obtained from the Inflammation and the Host Response to Injury Large Scale
Collaborative Program (www.gluegrant.org), supported by the National Institute of General
Medical Sciences (NIGMS), which is a multicenter prospective cohort study of blunt injured
adults with hemorrhagic shock designed to characterize the genomic and proteomic response
following injury.(14) Patients admitted to one of seven institutions over an eight year period
(2003–2010) were included. Inclusion criteria for the overall cohort study included: blunt
mechanism, presence of PH or emergency department hypotension (Systolic blood pressure
[SBP] < 90 mmHg) or an elevated base deficit (> 6 meq/L), blood transfusion requirement
within the first 12hrs, and any body region exclusive of the brain with an abbreviated injury
score (AIS) ≥ 2, allowing exclusion of patients with isolated traumatic brain injury (TBI).
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Patients < 18 or > 90 years of age and those with cervical spinal cord injury were also
excluded. Clinical data were entered and stored in TrialDb, a web-based data collection
platform, by trained research nurses.(15) Integrity of the data was maintained through
ongoing curation and external data review by an independent chart abstractor.

Standard operating procedures were developed and implemented across all institutional
centers to minimize variation in post-injury care, including: early goal directed resuscitation,
strict glycemic control, venous thromboembolism prophylaxis, appropriate low tidal volume
ventilation, ventilator associated pneumonia management, and restrictive transfusion
guidelines.(16–19) While patients were admitted to the ICU, multiple organ dysfunction
scores for renal, hepatic, cardiovascular, metabolic, hematologic, respiratory, and
neurological systems were determined daily.(20–23) The diagnosis of MOF required a
maximum Marshall Multiple Organ Dysfunction score >5.

Inclusion criteria for the current analysis were (1) scene transport; (2) injury severity score
(ISS) >15; (3) known volume of PH crystalloid (including zero); and (4) recorded PH SBP.
PH crystalloid volume was defined as HIGH when more than 500mL was given. This cut off
was utilized based on a practical unit of volume for PH providers and prior work.(7)
Subjects were then dichotomized as receiving HIGH or LOW PH crystalloid. Subjects were
further categorized as to the presence or absence of PH hypotension, defined as PH SBP <
90mmHg. Demographics, injury characteristics, resuscitation requirements, and outcomes
were compared for HIGH vs. LOW PH crystalloid groups in univariate analysis within both
the hypotensive and non-hypotensive cohorts.

A propensity score for receiving HIGH PH crystalloid was developed. A logistic regression
model with the outcome of HIGH crystalloid was used with the covariates of PH time (total
time from injury to hospital arrival), PH blood, PH SBP, ISS, and initial base deficit. This
model designated a propensity score between 0 and 1 corresponding to the likelihood of
receiving HIGH PH crystalloid based on the above factors. These factors were selected
based on the limited PH variables in the database that would be available to PH providers
and reasonably may influence the volume of PH crystalloid administration. ISS and initial
base deficit, while not available to PH providers, were utilized as surrogates of injury
severity that a PH provider would subjectively evaluate and use to guide resuscitation efforts
as well. A receiver operating characteristic curve was developed with area under the curve
(AUC) calculation to test the effectiveness of the propensity score. The AUC was 0.75,
indicating a strong ability to determine the propensity to receive HIGH crystalloid. Table 1
demonstrates quartiles for the propensity score in HIGH and LOW groups (p<0.001). The
propensity score was utilized as a covariate in outcome modeling to control for the
propensity to receive HIGH PH crystalloid. The outcome models had c-statistics ranging
from 0.89 to 0.98, demonstrating excellent model fit and discrimination. Collinearity
diagnostics in the outcome models demonstrated the tolerance statistic was >0.10 and the
variance inflation factor statistic <10 for all regression variables including the PH crystalloid
propensity score, indicating low likelihood of multicollinearity.

The outcomes of interest included 30 day in-hospital mortality and acute traumatic
coagulopathy (ATC), defined as admission INR of >1.5. Cox proportional hazards
regression was utilized to determine the independent risk of mortality across HIGH and
LOW PH crystalloid groups after controlling for confounders. Logistic regression was
utilized to determine the independent risk of ATC across HIGH and LOW PH crystalloid
groups. The outcome models were performed in patients with and without PH hypotension.
Covariates used in the regression models included age, gender, PH packed red blood cell
(PRBC) volume, PH heart rate, PH GCS, total PH time, ISS, admission base deficit,
admission hemoglobin, admission INR, emergency department (ED) temperature, ED
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hypotension, vasopressor use, early surgery defined as laparotomy or thoracotomy within 48
hours, total 24 hour PRBC, fresh frozen plasma (FFP), platelet, and crystalloid volumes,
treating trauma center, and propensity to receive HIGH crystalloid. Similar models were
constructed to examine early mortality in the first 24 hours.

To further characterize the relationship between PH crystalloid volume and mortality for
dose related effects, Cox-adjusted survival curves were constructed across PH crystalloid
volume in five subgroups: 0mL, 1–500mL, 501–1000mL, 1001–2000mL, and >2000mL.
Additionally, primary cause of death was compared between HIGH and LOW PH
crystalloid groups in subjects with and without PH hypotension.

As PH hypotension is a significant predictor of adverse outcome,(12, 13) the relationship
between PH hypotension and ED hypotension was explored. Logistic regression was used to
determine the association of PH crystalloid group on correcting PH hypotension (i.e. SBP
>90mmHg in the ED in subjects with PH hypotension). Further, the association of ED SBP
and survival was determined in a logistic regression model utilizing age, sex, PH time, initial
base deficit, and ISS as covariates to determine if there was any survival benefit of
correcting PH hypotension.

Data analysis was conducted using SPSS version 19 (Chicago, IL). For univariate analyses
Chi-square tests were used to compare categorical variables, and Mann-Whitney tests were
used to compare continuous variables. Continuous data are presented as median
(interquartile range [IQR]) or mean±standard deviation unless noted. To address missing
data, multiple imputation was performed for HR, SBP, GCS, PH time, ISS, and base deficit.
Multiple imputation using a fully conditional specification model based on available
demographics, prehospital physiology, and PH time with a successive impute and predict
algorithm for each variable was performed using a single imputation step to develop a
complete dataset. A p value of ≤ 0.05 was considered significant. The institutional review
board of each participating center approved the study.

RESULTS
Of the 2,007 subjects enrolled in the prospective cohort, 791 were excluded (90% due to
transfer status or ISS < 15), leaving 1,216 (61%) subjects for analysis. The median age was
41 (26–54) and median ISS 34 (25–43). There were 616 (51%) subjects with PH
hypotension, and 822 (69%) subjects received more than 500mL of PH crystalloid. The
incidence of TBI was similar between those receiving HIGH and LOW PH crystalloid (27%
vs. 24%, p=0.26)

In subjects without PH hypotension, there was no significant difference between HIGH and
LOW PH crystalloid groups in demographics, ISS, or initial base deficit (p>0.05). Subjects
that received HIGH PH crystalloid had longer PH times, higher admission INR, and 24 hour
resuscitation requirements. Subjects in the HIGH PH crystalloid group had a higher rate of
multiple organ failure (MOF) and acute respiratory distress syndrome (ARDS). There was
no difference is 24 hour or 30 day mortality in univariate analysis (Table 2).

Within the PH hypotension cohort there was no difference between HIGH and LOW groups
in demographics, ISS, or initial base deficit (p>0.05). Subjects that received HIGH PH
crystalloid had longer PH times, higher admission INR, and 24 resuscitation requirements.
There was no difference in MOF, ARDS, or mortality between crystalloid groups in
univariate analysis. (Table 3).

Cox regression analysis demonstrated in subjects without PH hypotension, HIGH PH
crystalloid was independently associated with a more than two fold increase in 30 day in-
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hospital mortality (HR 2.45; 95%CI 1.25 – 4.83, p=0.01). In subjects with PH hypotension,
PH crystalloid volume was not associated with mortality (Fig. 1). When stratified by volume
subgroup, mortality was directly related with increasing PH crystalloid volume in subjects
without PH hypotension, with the lowest mortality occurring in those receiving no PH
crystalloid (Fig. 2). Conversely, mortality was inversely related with increasing PH
crystalloid volume in subjects with PH hypotension, with the lowest mortality occurring in
those receiving >2000mL of PH crystalloid (Fig. 3).

Logistic regression showed HIGH PH crystalloid was an independent predictor of ATC in
subjects without PH hypotension (OR 2.21; 95%CI 1.01 – 4.86, p=0.04). HIGH PH
crystalloid demonstrated a trend as a predictor of ATC in subjects with PH hypotension, but
did not reach statistical significance (OR 2.55; 95%CI 0.88 – 7.39, p=0.08).

Analysis of 24 hour mortality demonstrated no association with PH crystalloid volume in
subjects with PH hypotension (OR 1.40; 9%CI 0.33 – 6.03, p=0.65). For subjects without
PH hypotension, HIGH PH crystalloid demonstrated a trend towards increased 24 hour
mortality, but did not reach statistical significance (OR 3.68; 95%CI 0.78 – 17.24, p=0.10).

When comparing the primary cause of death across PH crystalloid groups, the largest
differences in subjects without PH hypotension were seen for brain death (16% HIGH vs.
6% LOW) and MOF (16% HIGH vs. 9% LOW). The largest difference in subjects with PH
hypotension was TBI (2% HIGH vs. 13% LOW). Due to small numbers in each cause of
death, none of the comparisons reached statistical significance.

When exploring the effect of correcting PH hypotension, HIGH PH crystalloid was
independently associated with absence of hypotension (SBP > 90mmHg) in the ED in
subjects with PH hypotension (OR 2.02; 95%CI 1.06 – 3.88, p=0.03). The mean ED SBP in
subjects with corrected PH hypotension was 104±15mmHg. Mortality in subjects with
corrected PH hypotension was significantly lower than subjects with uncorrected PH
hypotension on arrival to the ED (13% vs. 21%, p=0.04). In subjects with PH hypotension,
each 1mmHg increase in arrival ED SBP was independently associated with a 2% increase
in overall survival (OR 1.02; 95%CI 1.01 – 1.03, p<0.01).

DISCUSSION
Prehospital fluid resuscitation has evolved substantially. Accumulating evidence
demonstrates conflicting conclusions regarding the impact PH fluids have on outcome.
Bickell and colleagues randomized patients with penetrating torso injury to delayed versus
immediate PH fluid resuscitation, finding reduced mortality in the delayed group.(5) The
authors postulated that delayed resuscitation reduced bleeding propagated by increasing the
blood pressure, a theory supported by animal data.(24–26)

It is not clear that these findings apply equally in severe blunt trauma and several authors
have documented no worsening of outcomes with PH fluid administration and some benefit
in the setting of head injury.(6–11, 27) Prior studies have been limited by several factors.
Findings may not reflect the capabilities of current PH providers. Further, many studies did
not control for factors known to influence outcomes in trauma patients. Finally, PH times in
prior studies are short and bias the results towards not observing an effect from PH fluids.

The results of this analysis demonstrate in patients without PH hypotension, a PH crystalloid
volume >500mL was associated with a two fold increase in mortality after controlling for
confounders. This effect exhibited a dose response relationship, with increasing volume of
PH crystalloid associated with increasing mortality. Sampalis and colleagues also
demonstrated that PH crystalloid resuscitation was associated with an increase in the risk of
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death after controlling for confounders.(28) The authors found the mortality risk was greater
with longer PH times; however they did not control for PH SBP. Haut and colleagues found
that PH intravenous access was associated with increased mortality.(29) This study was
limited, however; due to the inability to differentiate intravenous access only versus fluid
resuscitation and what volume of PH fluid was administered.

Furthermore, HIGH PH crystalloid was independently associated with a two fold increase in
the risk for ATC. In non-survivors, MOF was the cause of death nearly twice as often in the
HIGH group when compared with the LOW group. Additionally, there were no differences
in early mortality between the groups, but an increase in the risk of mortality at 30 days in
patients without PH hypotension receiving higher PH crystalloid volume, suggesting the
sequelae of higher crystalloid resuscitation develops after the first 24 hours.

Previous work has also demonstrated that large volume crystalloid infusion is associated
with systemic acquired coagulopathy and hemodilution.(30, 31) Brackenridge et al reported
large volume crystalloid resuscitation was associated with MOF at 28 days.(32) More recent
data has demonstrated higher volumes of PH crystalloid were associated with
hyperfibrinolysis on thromboelastography at admission.(33) The authors noted each
additional liter of PH crystalloid increased the odds of developing hyperfibrinolysis by 15%.
This would be consistent with the dose response relationship seen in the current data. The
downstream effects of coagulopathy, MOF, and hyperfibrinolysis may drive the associated
increase in 30day mortality, particularly since there was no increase in 24hour mortality.

Conversely, in patients with PH hypotension, PH crystalloid volume was not a predictor of
mortality. PH crystalloid volume demonstrated an inverse dose response relationship with
mortality. The risk for ATC was increased in the HIGH group, although this was not
significant following adjustment.

A number of studies have shown no effect on overall survival by PH fluid administration.
Turner and colleagues randomized patients to standard PH fluid therapy versus no PH fluid
therapy, finding no difference at 6 months.(6) Kaweski et al reported similar mortality rates
for patients receiving standard fluids versus no fluids when stratified by ISS and
hypotension.(34) The authors also noted that PH hypotension was associated higher
mortality; however PH resuscitation did not reduce the rate. Smith et al examined patients
categorized by presenting SBP.(35) The authors found that PH crystalloid did not alter SBP
and a third of deaths were felt to be surgically correctable. They concluded the risks of delay
with PH resuscitation outweigh the benefits. A more recent study found that intravenous
access did not prolong scene time and patients receiving PH crystalloid had higher survival
but this did not reach significance.(27) Dula and colleagues studied hypotensive patients
receiving no PH crystalloid or >500mL matched for ISS.(7) Although the authors
demonstrated PH crystalloid increased SBP, no difference in mortality was seen.

HIGH crystalloid was associated with correction of hypotension on arrival to the ED in the
current study. This is consistent with prior reports of patients receiving at least 500mL of PH
crystalloid.(7) Increasing SBP in the ED was associated with increasing survival in those
with PH hypotension. It should be noted that correction of PH hypotension in the HIGH PH
crystalloid group did not result in return to “normotension”. There is evidence that limited
resuscitation to a SBP of 100mmHg results is similar mortality as a target SBP of 70mmHg.
(8) Patients received just enough crystalloid to correct hypotension, avoiding “popping the
clot”. Further, it is well established in patients with TBI, PH resuscitation should keep SBP
>90mmHg to maintain cerebral perfusion,(11) which may have played a role in the higher
TBI deaths in the LOW crystalloid group. While there was no direct decrease in mortality
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associated with HIGH PH crystalloid in the PH hypotension cohort, this data suggests
patients may derive some benefit of PH crystalloid resuscitation to correct PH hypotension.

This analysis has several limitations. The current study is a secondary analysis of a
prospective cohort and was not designed to address these specific questions. PH variables
were limited and there may be factors related to administration of PH fluids and outcomes
that were not analyzed for this study. Further, PH care was not standardized between
centers. There is no data on why individual patients received higher or lower PH crystalloid.
There was also no information on the type of crystalloid administered, precluding analysis
of this potential confounder. The propensity score performed well with the limited data;
however it does not account for all variation in PH crystalloid administration. For these
reasons, HIGH PH crystalloid may be viewed as a marker of injury; however we would then
expect a deleterious effect irrespective of PH hypotension which was not seen.

This study demonstrates in severely injured blunt trauma patients, PH crystalloid volume
greater than 500mL is associated with an increased risk of mortality and coagulopathy in the
absence of PH hypotension. Mortality and coagulopathy were not associated with PH
crystalloid volume in patients with PH hypotension. Higher volume PH crystalloid was,
however, associated with correction of PH hypotension, and improving SBP on hospital
admission in turn associated with increasing survival. These findings suggest PH crystalloid
resuscitation should be goal directed based on the presence or absence of PH hypotension.
Presently crystalloid remains the mainstay of PH fluid resuscitation and further prospective
study is warranted to determine optimal PH crystalloid resuscitation strategies in the setting
of blunt trauma.
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Figure 1.
Hazard ratios from Cox regression for 30 day mortality in subjects without PH hypotension
(PH SBP≥90) and with PH hypotension (PH SBP<90). Hazard ratios represent HIGH
relative LOW PH crystalloid group. Bars represent 95% confidence intervals. Bars that do
not cross 1.0 are considered significant (p<0.05).
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Figure 2.
Cox-adjusted survival curve analysis in subjects without PH hypotension over 30 days post
injury. A direct dose related relationship exists between mortality and PH crystalloid
volume.
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Figure 3.
Cox-adjusted survival curve analysis in subjects with PH hypotension over 30 days post
injury. An inverse dose related relationship exists between mortality and PH crystalloid
volume.
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Table 1

Distribution of propensity scores to receive HIGH PH crystalloid

Quartile HIGH LOW

25% 0.29 0.10

50% (median) 0.45 0.20

75% 0.57 0.35
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Table 2

Demographics, injury characteristics, and outcomes in subjects without PH hypotension

HIGH LOW p value

N (%) 342 (59) 241 (41) -

Age (years) 41 (26 – 55) 43 (29 – 54) 0.23

Gender (% male) 68 64 0.33

PH SBP low (mmHg) 110±21 116±22 <0.01

PH time (mins) 72 (48 – 90) 48 (36 – 66) <0.01

Initial BD −8.4±4 −8.4±5 0.41

Initial INR 1.5±0.7 1.2±0.3 <0.01

ISS 41 (34 – 50) 34 (27 – 43) 0.10

24hr PRBC (units) 6.8 (3.5 – 11.4) 4.7 (3.3 – 14.2) <0.01

24hr FFP (units) 4 (1.0 – 8.1) 1.2 (0 – 3.7) <0.01

24hr PLT (6 pack) 0 (0 – 1.1) 0 (0 – 0.7) <0.01

24hr Crystalloid (L) 13.6 (10.1 – 18.8) 10.5 (6.9 – 14.2) <0.01

30 day mortality (%) 17 12 0.09

24 hour mortality (%) 6 7 0.86

ATC (%) 27 7 <0.01

MOF (%) 35 25 0.01

ARDS (%) 27 19 0.03

PH, prehospital; SBP, systolic blood pressure; BD, base deficit; PRBC, packed red blood cells; FFP, fresh frozen plasma; PLT, platelets; ATC,
acute traumatic coagulopathy
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Table 3

Demographics, injury characteristics, and outcomes in subjects with PH hypotension

HIGH LOW p value

N (%) 480 (80) 123 (20) -

Age (years) 40 (25 – 52) 40 (29 – 54) 0.28

Gender (% male) 66 76 66

PH SBP low (mmHg) 66±25 70±19 0.07

PH time (mins) 66 (48 – 90) 42 (30 – 66) <0.01

Initial BD −8.8±5 −9.5±6 0.10

Initial INR 1.6±0.9 1.3±0.6 <0.01

ISS 41 (31 – 50) 41 (29 – 50) 0.53

24hr PRBC (units) 8.2 (4.7 – 15.1) 7 (3.3 – 14.2) 0.02

24hr FFP (units) 4 (1.3 – 9.1) 2.6 (0 – 6.7) <0.01

24hr PLT (6 pack) 0.7 (0 – 1.7) 0 (0 – 1.1) 0.06

24hr Crystalloid (L) 14.1 (10.5 – 19.1) 10.7 (7.1 – 17.8) <0.01

30 day mortality 18 19 0.90

24 hour mortality 8 7 0.58

ATC (%) 33 8 <0.01

MOF (%) 31 38 0.16

ARDS (%) 29 23 0.18

PH, prehospital; SBP, systolic blood pressure; BD, base deficit; PRBC, packed red blood cells; FFP, fresh frozen plasma; PLT, platelets; ATC,
acute traumatic coagulopathy
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