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Objective: Recent evidence suggests
that overly aggressive crystalloid resusci-
tation is associated with poor outcome.
This has led to a renewed interest in the
use of vasopressors for hemodynamic sup-
port during resuscitation after injury. We
sought to characterize early vasopressor
(EV) use and aggressive early crystalloid
resuscitation (ECR) and their association
with mortality in severely injured patients.

Methods: Data were obtained from a
multicenter, prospective, cohort study de-
signed to evaluate the outcome of blunt
injured adults in hemorrhagic shock.
Early deaths (<48 hours) were excluded
from the analysis. A single Cox propor-

tional hazard regression model was used
to evaluate the effects of EV use (levophed,
phenylephrine, dopamine, or vasopressin)
and aggressive ECR on mortality at 12
and 24 hours postinjury, while control-
ling for important physiologic, injury,
resuscitation, and patient demographic
confounders.

Results: Cox proportional hazard re-
gression revealed that EV use within 12
hours after injury was independently as-
sociated with over an 80% higher risk of
mortality (hazard ratio [HR] 1.81, 95%
confidence interval [CI] 1.1–2.9, p �
0.013), and was independently associated
with over a twofold higher risk of mortal-

ity at 24 hours (HR 2.15, 95% CI 1.4–3.4,
p � 0.001). These findings were consistent
across all vasopressor subtypes. Aggres-
sive ECR was independently associated
with a 40% reduction in mortality (HR
0.594, 95% CI 0.37–0.95, p � 0.030).

Conclusion: These findings provide
evidence that the early use of vasopressors
for hemodynamic support after hemor-
rhagic shock may be deleterious, and
should be used cautiously and not in place
of aggressive crystalloid resuscitation af-
ter severe blunt injury.
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Overly aggressive fluid resuscitation after elective gen-
eral surgery, injury, and critical illness has been linked
to worse outcomes.1–4 Specifically, excessive fluid ad-

ministration has been implicated as a causative factor in coag-
ulation disturbances,5,6 abdominal compartment syndrome,7

pulmonary and cardiac dysfunction,2,4,8,9 gastrointestinal il-
eus, and bowel anastamotic complications.2,10 Experimental
evidence also suggests that increases in extracellular volume
and changes in cellular osmolarity results in cytosolic acidi-
fication, disturbances of cellular phosphorylation, and an in-

creased production of proinflammatory mediators.11–15 This
accumulating evidence has led to a renewed interest in mod-
eration of crystalloid resuscitation and a shift toward the early
use of vasopressors for hemodynamic support after injury.1

Animal research has provided support for this renewed
interest in early vasopressor (EV) therapy for hemorrhagic
shock.16 Beneficial effects of both arginine vasopressin and
phenylephrine, as compared with crystalloid alone, have been
found in traumatic brain injury,17,18 pulmonary contusion,19

and hemorrhagic shock animal models.20–22 However, the
clinical outcomes associated with EV use within the first 24
hours from injury have not been adequately characterized in
humans. The specific aim of the current analysis was to
characterize EV use and aggressive early crystalloid resusci-
tation (ECR) and their potential effect on mortality after
severe traumatic injury and hemorrhagic shock.

METHODS
Data were derived from the ongoing multicenter pro-

spective cohort study known as the Inflammation and the
Host Response to Injury, a large-scale collaborative program
supported by the National Institute of General Medical Sci-
ences, which is designed to characterize the genomic and
proteomic response in injured patients at risk for multiple
organ failure after traumatic injury and hemorrhagic shock.23

Standard operating procedures were developed and imple-
mented across all institutional centers to minimize variation
in postinjury care, including early goal-directed resuscitation
and management of shock, strict glycemic control, venous
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thromboembolism prophylaxis, appropriate low tidal volume
ventilation, ventilator-associated pneumonia management, and
restrictive transfusion protocols.23–27 Patients admitted to one of
the seven institutions, during a 3.5-year period (November 2003
to March 2007), were included in the analysis. Inclusion criteria
included blunt mechanism of injury, presence of prehospital or
emergency department systolic hypotension (�90 mm Hg) or an
elevated base deficit (�6 meq/L), blood transfusion requirement
within the first 12 hours, and any body region exclusive of the
brain with an abbreviated injury score �2, allowing exclusion of
patients with isolated traumatic brain injury. Patients aged �16
or �90 years and those with cervical spinal cord injury were
also excluded from enrolment. Patients who would be consid-
ered unsalvageable and who died within the first 48 hours from
injury were excluded for the current analysis to eliminate pa-
tients who had vasopressors started as a penultimate maneuver.
Clinical data were entered and stored in TrialDb, a web-based
data collection platform, by trained research nurses.28 Integrity
of the data were maintained through ongoing curation and ex-
ternal data review by an independent chart abstractor.

A single Cox proportional hazard regression model was
used to evaluate the effects of EV use and ECR on mortality,
while controlling for important physiologic, injury, resusci-
tation, and patient demographic confounders. All time vari-
ables for mortality were determined from the day of initial
injury. The model evaluated EV use and ECR at both 12- and

24-hour time points after injury. The model was also then
stratified by age (�55 years vs. �55 years) to determine
whether any mortality risk associated with the two covariates
of interest was age dependent. Those vasopressors with a
considerable vasoconstrictor effect (phenylephrine, norepineph-
rine, dopamine, and vasopressin) were used for determination
of the EV variable, whereas those with primary inotropic
effects (epinephrine, dobutamine, milrinone) were not con-
sidered in this analysis and were categorized in the No EV
group. The risk of mortality attributable to each individual
vasopressor was also determined. Crystalloid resuscitation
greater than 16 L and 20 L at 12 hours and 24 hours, respec-
tively, was considered aggressive ECR, based on being above
the 80th percentile for volume of crystalloid resuscitation for the
entire cohort (Fig. 1A and B). It was assumed that those patients
receiving crystalloid volume above this 80th percentile threshold
would be at highest risk for iatrogenic complications secondary
to overly aggressive resuscitation.

Potential confounders in the final model included patient
age, gender, hospital center, injury severity score (ISS), pre-
senting Glasgow Coma Scale score, hypotension at arrival
(systolic blood pressure �90 mm Hg), comorbidities (history
of myocardial infarction, congestive heart failure, chronic
obstructive pulmonary disease, cirrhosis, smoking, and alco-
holism), early blood transfusion and fresh frozen plasma
(FFP) requirements, worst base deficit and blood gas pH in
the first 12 hours, maximum 24-hour glucose, the require-
ment of early operative intervention (exploratory laparotomy
or thoracotomy/sternotomy), Acute Physiology and Chronic
Health Evaluation II score, pulmonary artery catheter, and
early steroid (�48 hours) requirements. Clinically relevant
interaction terms were tested and kept in the final model if
statistically significant (p � 0.05).

All data were summarized as mean � SD, median
(interquartile range), or percentage. Student’s t test or
Mann-Whitney statistical test was used to compare continu-
ous variables, whereas �2 or Fisher’s exact test was used for
categorical variables. The institutional review board of each
participating center approved the cohort study, and the insti-
tutional review board at the University of Texas Southwest-
ern Medical Center approved this current analysis.

RESULTS
Of the 1,036 patients in the entire trauma cohort, 921

survived beyond 48 hours from injury and constituted the
study population. The overall mortality rate for this study
cohort was 12.3%. These patients were significantly injured
with a mean ISS of 31 � 13, with over 45% of patients
receiving greater than 6 units of blood transfusion within the
first 12 hours after injury and with 52% requiring an early
(within 48 hours) exploratory laparotomy or thoracic surgical
intervention.

As expected, patients who received EV therapy within
the first 12 hours postinjury were older, more severely in-
jured, had worse initial shock parameters, and required

Fig. 1. Histogram depicting volume of crystalloid resuscitation at
12 (A) and 24 hours (B) postinjury for the entire cohort.
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greater resuscitation after injury (Table 1). They required
greater intensive care unit and ventilator days, more often
underwent pulmonary artery catheterization, and more
commonly received aggressive ECR. Importantly, the crude
mortality rate for those who received EV therapy was signif-
icantly higher than for those who did not (No EV 8.9% vs.
EV 34.5%, p � 0.001). Similar findings are shown in Table
2, which compares patients who did and did not receive
aggressive ECR within 12 hours postinjury. Those who re-
ceived aggressive ECR also more commonly received EV

therapy. Again, those patients who received aggressive ECR
also had a significantly higher crude mortality rate (No ag-
gressive ECR 11.2% vs. aggressive ECR 17.0%, p � 0.032).

Our final hazard regression model was a good predictor
of actual mortality with an area under the curve of 0.90 based
on receiver operating characteristic analysis. This compared
favorably to the receiver operating characteristic curve anal-
ysis of the Acute Physiology and Chronic Health Evaluation
II score for all patients, which had an area under the curve of
only 0.77. Because our two covariates of interest for this

Table 1 Comparison of Patients Who Did and Did Not Require Early Vasopressors Within 12 h Postinjury

No EV (n � 802) EV (n � 119) p

Age (yr) 40.6 � 18 46.8 � 19 0.001*
Gender (%male) 64.2 71.4 0.123
Injury severity score 30.4 � 13 34.1 � 14 0.004*
ED GCS score 4.8 � 4 5.0 � 4 0.049*
Initial base deficit (meq/L) 8.5 � 4 9.8 � 5 0.003*
ED hypotension (SBP �90 mm Hg), % 62.4 79.8 0.001*
Blood transfusion (�6 units), % 42.8 63.9 0.001*
Fresh frozen plasma (12 h, mL) 1,001 � 1,424 1,704 � 1,934 0.001*
Early exploratory laparotomy (48 h), % 40.8 51.3 0.031*
Early thoracotomy/sternotomy (48 h), % 4.4 18.5 0.001*
Early steroid requirement (48 h), % 8.5 36.1 0.001*
Pulmonary artery catheter, % 20.6 53.8 0.001*
Length of stay (d) 23.1 � 18 25.3 � 22 0.231
ICU days 13.1 � 12 18.9 � 13 0.001*
Ventilator days 9.9 � 11 15.9 � 15 0.001*
Mortality, % 8.9 34.5 0.001*
Aggressive early crystalloid (�16 L), % 17.1 32.8 0.001*
APACHE II score, % 27.6 34.0 0.001*

* Statistically significant.
ED, emergency department; SBP, systolic blood pressure; GCS, Glasgow Coma Scale; ICU, intensive care unit; APACHE, Acute Physiology

and Chronic Health Evaluation.

Table 2 Comparison of Patients Who Did and Did Not Receive Aggressive Early Crystalloid Resuscitation (ECR
>16 L) Within 12 h Postinjury

ECR �16 L (n � 744) ECR �16L (n � 177) p

Age (yr) 41.9 � 18 39.4 � 18 0.091
Gender (%male) 63.2 73.3 0.011*
Injury severity score 29.9 � 13 35.0 � 13 0.001*
ED GCS score 8.9 � 6 7.2 � 5 0.001*
Initial base deficit (meq/L) 8.2 � 4 10.7 � 5 0.001*
ED hypotension (SBP �90 mm Hg), % 63.1 72.0 0.027*
Blood transfusion (�6 units), % 37.2 80.7 0.001*
Fresh frozen plasma (12 h, mL) 840 � 1,274 2,165 � 1,938 0.001*
Early exploratory laparotomy (48 h), % 36.6 66.5 0.001*
Early thoracotomy/sternotomy (48 h), % 5.0 11.4 0.002*
Early steroid requirement (48 h), % 10.6 18.2 0.001*
Pulmonary artery catheter, % 19.6 47.7 0.001*
Length of stay (d) 22.6 � 19 26.7 � 20 0.009*
ICU days 13.1 � 13 16.8 � 13 0.001*
Ventilator days 9.9 � 11 13.5 � 11 0.001*
Mortality, % 11.2 17.0 0.032*
Early vasopressor requirement (12 h) 10.8 22.2 0.001*
APACHE II score, % 27.5 � 7 32.3 � 6 0.001*

* Statistically significant.
ED, emergency department; SBP, systolic blood pressure; GCS, Glasgow Coma Scale; ICU, intensive care unit; APACHE, Acute Physiology

and Chronic Health Evaluation.
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analysis were to be placed into a single regression model, we
appropriately tested for any statistical interaction between EV
use and aggressive ECR. This interaction term was not sig-
nificant (p � 0.936) and thus no interaction term was re-
quired in the final model.

Cox proportional hazard regression revealed that EV use
within 12 hours after injury was independently associated
with over an 80% higher risk of mortality (hazard ratio [HR]
1.81, 95% confidence interval [CI] 1.1–2.9, p � 0.013; Fig.
2). Within 24 hours from the time of injury, EV use was
independently associated with over a twofold higher risk of
mortality (HR 2.15, 95% CI 1.4–3.4, p � 0.001). In the same
single regression model, aggressive ECR within 12 hours
from injury was independently associated with a 40% reduc-
tion in mortality (HR 0.594, 95% CI 0.37–0.95, p � 0.030).
The HR for aggressive ECR within 24 hours revealed a trend
toward a survival advantage; however, this did not reach
statistical significance (24-hour HR 0.81, 95% CI 0.52–1.3,
p � 0.364). As both EV use and aggressive ECR were in the
model simultaneously along with the other important con-
founders, their effect on the mortality risk is independent of
each other. That is, independent of the amount of crystalloid
resuscitation a patient received, EV use was associated with
a higher mortality, and independent of EV use, aggressive
ECR was found to be protective.

When the model was stratified by age (�55 years, n �
730 vs. �55 years, n � 191), the risk of mortality for EV use
within 24 hours remained unaltered (�55 years, HR 2.0, 95%
CI 1.1–3.6, p � 0.019 vs. �55 years, HR 2.3, 95% CI
1.0–5.5, p � 0.045), indicating that neither older nor younger
patients derived benefit from EV use. Interestingly, aggres-
sive ECR within 12 hours was still found to be independently
associated with a significant protective effect in the younger
age group (�55 years, HR 0.54, 95% CI 0.3–0.9, p � 0.048);
however, based on interpretation of the HR, there was no
protection afforded to those in the older age group (�55
years, HR 1.08, 95% CI 0.4–2.8, p � 0.875). Finally, when
individual vasopressor subtypes were placed into the model
(Fig. 3), the detrimental effect on mortality remained consis-
tent. Only the use of vasopressin was no longer statistically
significant; however, the HR was 1.7, still depicting a higher
risk for mortality.

DISCUSSION
Accumulating evidence has revealed that overly aggres-

sive crystalloid resuscitation is associated with iatrogenic
complications, thus renewing interest in use of vasopressors
for early hemodynamic support for the injured patient. Inter-

Fig. 2. Independent HRs for EV use and aggressive ECR at 12 and
24 hours postinjury. Additional covariates adjusted for in the model
included age, gender, hospital center, ISS, ED pH, Glasgow Coma
Scale score and base deficit, 12-hour blood and FFP requirements,
comorbidities (hypertension, myocardial infarction, diabetes melli-
tus, congestive heart failure, chronic obstructive pulmonary disease,
liver disease, smoking history, renal disease, alcoholism), hypoten-
sion on arrival, Acute Physiology and Chronic Health Evaluation II
score, pulmonary artery catheter, early exploratory laparotomy,
early thoracotomy/sternotomy, early steroid requirement, maximum
24-hour glucose, and interaction of age � ISS.

Fig. 3. Independent HRs for each vasopressor subtype. Additional
covariates adjusted for in the model included aggressive ECR, age,
hospital center, gender, ISS, ED pH, Glasgow Coma Scale score
and base deficit, 12-hour blood and FFP requirements, comorbidi-
ties (hypertension, myocardial infarction, diabetes mellitus, conges-
tive heart failure, chronic obstructive pulmonary disease, liver
disease, smoking history, renal disease, alcoholism), hypotension on
arrival, Acute Physiology and Chronic Health Evaluation II score,
pulmonary artery catheter, early exploratory laparotomy, early tho-
racotomy/sternotomy, early steroid requirement, maximum 24-hour
glucose, and interaction of age � ISS.
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estingly, Chernow et al.29 has previously shown in primates
that the innate sympathetic response to hemorrhage results in
over a sixfold increase in baseline levels of endogenous
norepinephrine and epinephrine within 15 minutes from hem-
orrhagic insult. They concluded that there is little justification
for the use of exogenous catecholamines in hemorrhagic
hypotension. Our findings from this analysis showed that,
after controlling for important confounders, including early
blood and plasma requirements, injury characteristics and
early interventions, initial shock parameters, and preexisting
medical conditions, EV use was independently associated
with a higher risk of mortality, and this finding was consistent
across all vasopressor subtypes analyzed. Additionally, the
early use of aggressive crystalloid (�16 L) at 12 hours postin-
jury was a significant independent predictor of survival. These
findings are unexpected and provide evidence that the early use
of vasopressors for hemodynamic support may be deleterious,
and should be used cautiously and not in place of aggressive
crystalloid resuscitation after significant injury.

Patients who received EV therapy or aggressive ECR, as
was demonstrated in this analysis, were more severely injured
with greater physiologic derangements, more frequently re-
quiring interventions and intensive care. Despite controlling
for these confounders, EV use was still associated with al-
most a twofold higher mortality if used within 24 hours
postinjury. Interestingly, despite having a higher crude mor-
tality, patients who received aggressive ECR were statisti-
cally more likely to survive once these important confounders
were controlled for. This finding was only significant at the
12-hour time point whereas the strength of the association
was diluted at the 24-hour time point. This is physiologically
intuitive as earlier correction of shock and organ perfusion
has been shown to improve clinical outcome.30,31 Impor-
tantly, this association with reduced mortality seems to exist
only with the younger patient population (age �55 years).
Although aggressive ECR did not offer a protective effect in
the older cohort, it was not associated with a higher mortality
risk either.

This analysis is only a secondary data analysis and can
only provide associations and does not prove causality.
Therefore, patients who remain hypotensive despite aggres-
sive resuscitation may require vasopressor support to main-
tain organ perfusion even early after injury and hemorrhagic
shock. This analysis does suggest, however, that when vaso-
pressors are used early, they should be used cautiously and
only after aggressive crystalloid or colloid resuscitation has
failed to maintain adequate tissue perfusion.

In the prehospital setting, it has been shown with penetrat-
ing torso trauma that delayed resuscitation improves overall
survival.32 Delaying resuscitation allows for the attainment of
surgical hemostasis before initiation of aggressive resuscita-
tion. This current analysis focuses on the resuscitation period
that occurs in concert with efforts to obtain hemostasis.
Therefore, one should not extrapolate from these data that

they refute studies that demonstrate a potential benefit of
permissive hypotension in the field.

The Inflammation and the Host Response to Injury, a
large-scale collaborative program, represents a select cohort
of significantly injured trauma patients with evidence of hem-
orrhagic shock.24 It is in this group of patients in which our
findings are most pertinent and applicable. It may be that in
more elective postoperative surgical patients and other types
of critically ill patients, minimization of crystalloid resusci-
tation and the early use of vasopressor therapy may provide
benefit. Even in significantly injured patients, our findings
are limited to the early resuscitation phase and the results of
this study should not be generalized to the hemodynamic
management outside this focal time period. It may be that
minimization of crystalloid resuscitation and the use of va-
sopressors to provide hemodynamic support beyond this early
time period improves outcome after injury, and further stud-
ies are required to decipher if this holds true.

This analysis has several potential limitations. First, this
study is a secondary analysis of a prospective cohort study
looking at the genomic and proteomic response after severe
injury and hemorrhagic shock. As with any secondary anal-
ysis, data were not recorded to answer the specific hypothesis
stated for this study. Potential confounding variables not able
to be controlled for may be responsible for the associations
described and the conclusions formulated in this analysis. EV
use may be associated with such detrimental outcome that
any statistical benefit is unable to be controlled for outside a
randomized clinical trial. It is interesting, however, that we
were able to find a statistical beneficial effect for aggressive
ECR, which was also associated with much poorer outcome
after unadjusted comparison alone. Despite our consistent
findings across different vasopressor subtypes, it is likely that
combinations of vasopressor therapy were used. This analysis
was unable to control for which vasopressor was used first, nor
did we control for any interaction for those patients for whom
multiple vasopressors were required. Finally, as alluded to
above, our results may not be reproducible or applicable in a less
severely injured and more typical trauma population.

In conclusion, EV use within the first 24 hours after
injury was independently associated with almost a twofold
higher mortality, after controlling for all important confound-
ers. Meanwhile, aggressive ECR was independently associ-
ated with a survival benefit. Although vasopressors may
reduce fluid requirements and complications after the initial
resuscitation, this analysis suggests that they should not be
used early in the resuscitation phase. Instead, early hemody-
namic support should rely primarily on aggressive crystalloid
resuscitation in severely injured patients with hemorrhagic
shock. Further prospective randomized studies are required to
determine whether any benefit can be obtained from this
practice soon after injury. Until this evidence exists, caution
should be used for EV use within the first 24 hours after
injury.
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