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Abstract
Objective—To determine whether out-of-hospital administration of hypertonic fluids would
improve survival after severe injury with hemorrhagic shock.

Background—Hypertonic fluids have potential benefit in the resuscitation of severely injured
patients because of rapid restoration of tissue perfusion, with a smaller volume, and modulation of
the inflammatory response, to reduce subsequent organ injury.

Methods—Multicenter, randomized, blinded clinical trial, May 2006 to August 2008, 114
emergency medical services agencies in North America within the Resuscitation Outcomes
Consortium. Inclusion criteria: injured patients, age ≥ 15 years with hypovolemic shock (systolic
blood pressure ≤ 70 mm Hg or systolic blood pressure 71–90 mm Hg with heart rate ≥ 108 beats
per minute). Initial resuscitation fluid, 250 mL of either 7.5% saline per 6% dextran 70 (hypertonic
saline/dextran, HSD), 7.5% saline (hypertonic saline, HS), or 0.9% saline (normal saline, NS)
administered by out-of-hospital providers. Primary outcome was 28-day survival. On the
recommendation of the data and safety monitoring board, the study was stopped early (23% of
proposed sample size) for futility and potential safety concern.

Results—A total of 853 treated patients were enrolled, among whom 62% were with blunt
trauma, 38% with penetrating. There was no difference in 28-day survival—HSD: 74.5% (0.1;
95% confidence interval [CI], −7.5 to 7.8); HS: 73.0% (−1.4; 95% CI, −8.7–6.0); and NS: 74.4%,
P = 0.91. There was a higher mortality for the postrandomization subgroup of patients who did not
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receive blood transfusions in the first 24 hours, who received hypertonic fluids compared to NS
[28-day mortality—HSD: 10% (5.2; 95% CI, 0.4–10.1); HS: 12.2% (7.4; 95% CI, 2.5–12.2); and
NS: 4.8%, P < 0.01].

Conclusion—Among injured patients with hypovolemic shock, initial resuscitation fluid
treatment with either HS or HSD compared with NS, did not result in superior 28-day survival.
However, interpretation of these findings is limited by the early stopping of the trial.

Traumatic injury is the leading cause of death among North Americans aged 1 to 44 years.
The leading cause of early death is hemorrhagic shock, with late deaths due to multiple
organ failure. Conventional resuscitation following severe injury administers intravenous
isotonic (normal saline, NS) or slightly hypotonic (lactated ringers [LR]) solutions
beginning in the out-of-hospital environment. This is based on empiric experience without
supporting evidence from randomized trials. Hypertonic fluids (7.5% saline with or without
6% dextran 70) decrease inflammation, organ injury, and mortality in animal models of
hemorrhagic shock.1–7 Previous clinical trials have demonstrated selected short-term
benefits, but lacked power to detect a clinically important difference at hospital
discharge.8–18 Potential benefits include restoration of intravascular volume and tissue
perfusion with a smaller fluid volume, improved cerebral perfusion with reduced intracranial
pressure, and modulation of the inflammatory response, which may reduce the late
development of multiple organ failure.

Considerable controversy exists surrounding the use of hypertonic resuscitation fluids
following severe injury. While regulatory approval for hypertonic saline/dextran (HSD) has
been achieved in several European countries, it has not been granted in North America
because of a lack of definitive Phase III data. Hypertonic solutions have been of particular
interest to the US military because of the logistical constraints of battlefield medicine.
Resuscitating patients with smaller fluid volumes translates into more patients who can be
treated by a single medic. This was acknowledged in the 1999 Institute of Medicine report
on resuscitation of combat casualties, which recommended HSD as the optimal resuscitation
fluid in that environment.19 We hypothesized that administration of hypertonic fluids as
early as possible after the onset of hemorrhagic shock would reduce mortality in a severely
injured patient population.

Methods
Two clinical trials were conducted simultaneously with the same intervention, but 2 distinct
patient cohorts, 1 for hypovolemic shock and the other for traumatic brain injury. This report
describes the outcome of the hypovolemic shock cohort. This was a randomized, controlled,
double-blinded, 3-arm clinical trial comparing a 250 mL bolus of 7.5% saline (hypertonic
saline, HS) versus 7.5% saline per 6% dextran 70 (HSD) versus 0.9% saline (NS) as the
initial resuscitation fluid given to injured patients in hemorrhagic shock in the out-of-
hospital setting. Details of the initial study design have been previously published.20 This
study was conducted by the Resuscitation Outcomes Consortium (ROC), a multicenter,
clinical trial network including 11 regional clinical centers in the United States and Canada.
This trial involved 114 emergency medical services (EMS) agencies, within the catchment
area served by ROC.21

Patient Population
Patients were included in the hypovolemic shock cohort if they were 15 years or older and
had out-of-hospital systolic blood pressure (SBP) 70 mm Hg or less or 71 to 90 mm Hg with
a concomitant heart rate (HR) 108 beats or less per minute. These criteria were developed on
the basis of preliminary data from a previous trial in an effort to define a patient population
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most likely to be in significant hemorrhagic shock.8 Exclusion criteria were the following:
known or suspected pregnancy, age less than 15 years, out-of-hospital cardiopulmonary
resuscitation, administration of more than 2000 mL crystalloid, colloid, or blood products
before enrollment, severe hypothermia (<28°C), drowning or asphyxia due to hanging,
burns more than 20% total body surface area, isolated penetrating head injury, inability to
obtain intravenous access, time of dispatch call received to study intervention more than 4
hours, and known prisoners. Interfacility transfers were also excluded.

Intervention
Out-of-hospital personnel were trained and administered the blinded study fluid as the initial
resuscitation fluid, once intravenous access was established. In the event that an aeromedical
crew arrived after crystalloid had been initiated by the ground service, they were allowed to
administer the study fluid as long as the patient still met inclusion criteria. Once study fluid
had been administered, additional fluids could be given as guided by local EMS protocols.
Subsequent in-hospital care was not proscribed, with the exception of protocol-specified
monitoring of serum sodium during the first 24 hours. Investigators agreed to established
guidelines for management of critically ill trauma patients.22

Outcome Measures
The primary outcome was 28-day survival. Secondary outcomes included the following:
fluid and blood requirements in the first 24 hours, physiologic parameters of organ
dysfunction, 28-day acute respiratory distress syndrome (ARDS)–free survival, multiple
organ dysfunction score (MODS),23 and nosocomial infections.24–26 Diagnosis of MODS
was subject to patients having the required physiologic measurements available during their
intensive care unit (ICU) stay. Measures of resource utilization included ventilator-free days
alive in the first 28 days and days alive outside the ICU and outside of the hospital within 28
days.

Randomization and Blinding
Study fluids were purchased from Biophausia, Inc, Sweden. All were provided in identical
intravenous bags and shipped to a single distribution center where they were labeled with a
randomly generated numeric code. The randomization scheme was 1:1:1.4 for HS, HSD,
and NS, respectively. Patients were individually randomized by administration of a blinded
bag of study fluid. All care providers, investigators, and patients remained blinded to the
treatment assignment.

Sample Size and Power Calculations
This study is a 1-sided trial for superiority, involving 3 arms with the traditional significance
level of 0.025 divided by 2 to allow for comparisons between NS and each of the hypertonic
solutions. The study was powered to detect a 4.8% overall difference in survival (from
64.6% to 69.4%) between the NS group and at least 1 of the 2 hypertonic groups. These
estimates were based on data from a Phase II trial of similar design completed in 2005.8
There was an overall power of 80% (62.6% power for individual agent) and 5 planned
interim analyses. On the basis of these calculations a total sample size of 3726 patients was
required.

Data Analysis
The primary analysis was modified intent-to-treat, including all patients who had fluid
connected to the intravenous tubing regardless of how much was administered. Tests for
differences in proportions were used for the primary analysis. Patients with missing 28-day
vital status, who were known to be discharged alive before 28 days, were assumed to be
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alive at day 28. Secondary outcomes were assessed using t tests or chi-square analyses as
appropriate. Significance was defined as P < 0.05. Differences in means or proportions with
95% confidence intervals (CIs) are also presented. Medians with interquartile ranges are
provided for skewed variables. Kaplan-Meier curves were used to illustrate mortality over
time. Statistical software used included SAS v.9.2 (SAS Institute, Cary, NC) and S-plus v.
7.0 (Tibco Spotfire, Somerville, MA).

A priori subgroup analyses included comparison of patients with blunt versus penetrating
trauma. Additional planned observational analyses included stratification based on no
packed red blood cells (PRBC) received versus 1–9 units PRBC versus 10 or more units
PRBC received in the first 24 hours; patients requiring emergency surgical or angiographic
control of hemorrhage; and patients with an Injury Severity Score (ISS) greater than 15.
Emergency surgical or angiographic control of hemorrhage was defined as disposition from
the emergency department (ED) to the angiography suite with embolization or to the
operating room for a hemorrhage control procedure within 1 day of admission. Note that
these are all postrandomization subgroups.

Monitoring of the Clinical Trial
Trial monitoring was conducted using a group sequential stopping rule for each comparison
of HSD versus NS and HS versus NS on the basis of a level-0.0125 one-sided group
sequential test with O';Brien-Fleming boundary relationships for efficacy and a nonbinding
futility boundary that corresponds to a boundary in the Wang and Tsiatis26 power family of
boundary shape functions, as implemented in the unified family of Kittelson and Emerson27

with boundary shape parameter P = 0.8 and β = 0.9875. In making a decision to terminate
the clinical trial, the data and safety monitoring board (DSMB) was also presented with
estimates of the 95% CIs for treatment effects after adjustment for the sequential stopping
rule, the Bayesian predictive power of eventual statistical significance based on both a
noninformative (flat) prior distribution and a prior distribution derived from the phase II
study, and conditional power estimates defined for a spectrum of hypothesized treatment
effects.

Regulatory Oversight
This study was conducted under the United States regulations for Exception from Informed
Consent for Emergency Research (21 CFR 50.24) and the Canadian Tri-Council Policy
Statement: Ethical Conduct for Research Involving Humans. The protocol was reviewed and
approved by the US Food and Drug Administration and Health Canada. The protocol was
also approved by all the institutional review boards (United States) and research ethics
boards (Canada) in the communities in which the research was conducted. Consent was
obtained for continuation in the trial after hospital arrival. Details of the community
consultation, and public disclosure processes have been published elsewhere.28,29

Results
Between May 2006 and August 2008, 895 patients were randomized (Fig. 1). Forty-two of
these had study fluid package opened but not administered. Reasons included the following:
patient did not meet inclusion criteria or met one of the exclusion criteria; intravenous
access could not be obtained or was lost before fluid administration; a break in sterility of
the bag; or medics were unsure of inclusion/exclusion criteria and elected not to administer.
One enrolled patient was a prisoner and was excluded from follow-up because of regulatory
issues and one was lost to follow-up because of transfer to a non-ROC hospital. Because of
the nature of this trial, we were unable to track patients screened but not enrolled, and there
is not adequate epidemiological data to estimate the potentially eligible population.
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At a planned DSMB review of data on 583 subjects in May 2008, a prespecified safety
subgroup analysis of survival in patients who did not receive blood transfusion showed 28-
day mortality in each of the hypertonic resuscitation arms approximately twice the mortality
seen in the NS arm. Further analyses of the interim data on 760 subjects were reviewed by
the DSMB in August 2008, at which time they recommended suspension of further
enrollment, pending collection, and analysis of more detailed data on subjects already
randomized. Reviewing these additional analyses in February 2009, the DSMB
recommended early termination for futility in the presence of a potential safety concern
regarding increased mortality among those patients receiving no blood. Estimates of
treatment effect based on the final sample size show an estimated absolute difference in 28-
day survival probabilities of 0.1% for HSD versus NS and −1.4% for HS versus NS, each
above the nonbinding futility threshold of −5.3%. However, the DSMB made their
recommendation for study termination, on the basis of the safety analyses in the
nontransfused subjects, and 95% CIs for 28-day mortality of −7.5% to 7.8% for HSD versus
NS and −8.7% to 6.0% for HS versus NS. These CIs do not exclude the effect that the study
was powered for (4.8% with 62.6% power), but do exclude an effect of 8.5% which the
study had high power to detect (97.2%). In addition, the Bayesian predictive probabilities of
eventually obtaining statistically significant results were estimated to be less than 10% for
HSD versus NS and 4% for HS versus NS. The DSMB also noted that the setting of an
exception to informed consent study warranted an abundance of caution.

There were no differences in protocol violations between treatment groups with 4.5% of
patients enrolled not meeting the physiologic inclusion criteria and 3% meeting 1 or more of
the exclusion criteria.

There were no significant differences in baseline characteristics, injury severity scores, and
out-of-hospital care provided between treatment groups (Table 1). The expected increase in
serum sodium levels was observed.There was a higher proportion of patients presenting to
the ED with an SBP less than 90 mm Hg in the NS arm, but this did not reach statistical
significance (HSD: 25.9%; HS: 28.0%; NS: 32.7%; P = 0.19). A lower-admission
hemoglobin level was observed in the HS groups. No differences in blood transfusion, 24-
hour fluid requirements, and adverse events were noted (Table 2). There were no differences
in protocol violations between treatment groups.

There was no significant difference in 28-day survival between treatment groups with 74.5%
HSD (0.1; 95% CI, −7.5 to 7.8), 73.0% HS (−1.4; 95% CI, −8.7 to 6.0), and 74.4% NS, P =
0.91 (Fig. 2). Secondary outcome measures are described in Table 2. There were no
differences between groups in organ failure or nosocomial infections. The denominator for
percentages reported for nosocomial infections and adverse events (hypernatremia and
increased intracranial hemorrhage) are based on patients at risk.

Based on results of a previous phase II trial demonstrating increased ARDS-free survival for
patients resuscitated with HSD requiring 10 or more units of PRBC in the first 24 hours,
with a nonsignificant worse outcome in patients not receiving transfusions, preplanned
observational analyses were conducted stratified by transfusion in the first 24 hours.8
Interpretation of these data is confounded by the fact that this is a postrandomization
variable and thus may be influenced by treatment. However, we observed a higher mortality
rate for patients in the HS and HSD arms who did not receive blood transfusions (Table 3).
These were the data that led to the decision by the DSMB to terminate the trial. This led us
to investigate the timing of early deaths, as we suspected that this increased mortality could
be due to death in the field or ED prior to availability of blood for transfusion. There was a
higher proportion of deaths in the out-of-hospital or ED setting in the HS-treated arms
[HSD: 11.4% (3.4%; 95% CI, −2.0 to 8.7); HS: 12.9% (4.9%, 95% CI, 0.4–10.2); and NS:
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8%; P = 0.12] but this did not reach statistical significance. This difference was less evident
when all deaths within 6 hours of admission were evaluated [HSD: 16.4% (0.1% 95% CI,
6.4–6.6); HS: 19.1% (2.9%, 95% CI, −3.6 to 9.3), and NS: 16.3%; P = 0.60] (Table 2, Fig.
2).

The results of preplanned subgroup analyses demonstrated no difference in 28-day survival
for victims of penetrating [HSD: 81.9% (5.2%; 95% CI, 6.6–16.9); HS: 83.1% (6.4%; 95%
CI, −5.0 to 17.7); and NS: 76.8%; P=0.43] or blunt trauma [HSD: 70.1%(−3.0%; 95% CI,
−13.2 to 7.3); HS: 67.1% (−6.1%, 95% CI,−15.8 to 3.7); and NS: 73.1%; P = 0.43]. Among
patients requiring emergent hemorrhage control, 28-day survival was HSD: 72.7% (0.8%;
95% CI, −13.6 to 15.1); HS: 77.9% (5.9%; 95% CI, −6.7 to 18.5); and NS: 72.0%; P = 0.60,
with 6-hour mortality of HSD: 16.7% (−3.8%; 95% CI, −16.2 to 8.7), HS: 15.1% (−5.3%;
95% CI, −16.5 to 5.9); and NS: 20.5%; P = 0.58. There was no significant difference
between treatment arms stratified by ISS.

Discussion
To our knowledge, this is the largest randomized clinical trial of hypertonic resuscitation
following traumatic hypovolemic shock. We were unable to demonstrate any improvement
in mortality or subsequent organ failure. Furthermore, these data raise a potential safety
concern based on increased mortality in the group that did not receive blood transfusions.
Interpretation of these data must be made in the context of the early stopping of the trial.

Early clinical trials of hypertonic resuscitation failed to raise any safety concerns, but were
limited by sample size and statistical power.9,11,12,15–17,30 A meta-analysis of studies before
1997 demonstrated an overall survival advantage for patients receiving HSD (OR: 1.47;
95% CI, 1.04–2.08).31 This meta-analysis was limited by inclusion of several small trials
involving both out-of-hospital and ED fluid administration. The largest previous trial which
compared HSD to LR and was closed for futility based on no difference in 24-hour survival
(83% HSD, 80% LR, N = 359).14 Improved 24-hour mortality in patients who had
immediate surgical intervention (88% HSD versus 77% LR) was seen. This raises the
possibility that those not surviving to reach surgical intervention had a higher mortality with
HSD. In 2005, a trial focused on blunt trauma patients with hypovolemic shock was also
closed for futility with no difference in the primary endpoint of 28-day ARDS-free
survival.8 Improved outcome in an a priori subgroup analysis was seen for patients requiring
10 or more units of PRBC in the first 24 hours. However, there was decreased survival for
patients receiving HSD who did not receive any PRBC in the first 24 hours (hazard ratio:
0.30; 95% CI, 0.08–1.13). These previous studies support our finding of higher mortality in
this subgroup.

We hypothesize that mortality is higher in the group not receiving blood transfusion because
of a shift toward earlier mortality in the hypertonic-treated arms such that some patients die
before blood transfusions are available or administered. Two possible explanations for this
temporal trend include a higher rate of early hemorrhage in the HS-treated patients, or a
change in physician behavior leading to delayed recognition of shock and subsequent
transfusion.

Some animal studies of uncontrolled hemorrhage have raised concern for increased bleeding
following hypertonic fluid administration,32–36 whereas others have disputed this
finding.37–41 The timing and rate of HS infusion in these studies are important, as when
fluid was administered at clinically relevant rates, significant rebleeding was not seen.42 If
increased bleeding was the primary mechanism for earlier mortality, one would anticipate
higher mortality among penetrating rather than blunt trauma patients; however, the opposite
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effect was seen in this study. In addition, those patients requiring emergent hemorrhage
control who received hypertonic fluids did not have an increase in early mortality. This
could again be due to the possibility that some patients in the treatment arms died in the field
or ED before their need for emergent hemorrhage control could be established. Admission
hemoglobin was significantly lower in the hypertonic groups, which could reflect either
increased bleeding or increased intravascular volume due to the osmotic load.

Given that all care providers were blinded, it is possible that patients receiving hypertonic
fluids presented to the receiving hospital with a higher SBP, thus delaying the recognition of
shock. Several recent studies have identified delay in recognition of shock as a major cause
of preventable or potentially preventable death.43–46 This problem is most prevalent in the
blunt trauma population, consistent with our own finding that this group had a higher rate of
early mortality following out-of-hospital hypertonic administration. It is not clear whether
any of these deaths were preventable, as there was no overall difference in the 28-day
survival between the groups.

It is also important to consider any direct negative effects associated with HS or HSD. A
small incidence of anaphylaxis associated with high-molecular-weight dextran infusion has
been described (incidence, 0.013%–0.024%).38,47 Emergency medical services providers
were trained to recognize anaphylaxis, and no cases were identified. Furthermore, patients
who received HS without dextran had the same increased early mortality suggesting dextran
was not the primary factor. Concern has also been raised regarding the effects of transient
hypernatremia following administration of hypertonic solutions. The sodium levels we
observed are consistent with previous trials. Sustained hypernatremia, beyond 24 hours, was
only observed in those patients treated with additional hypertonic solutions for management
of increased intracranial pressure. A recent review confirms our experience that transient
hypernatremia following doses administered in the study does not have any adverse
consequences.38

There are several limitations to this trial. This was a study of a single dose of hypertonic
fluid. Respecting usual clinical practices, there was no restriction on fluid administered
before hemorrhage control. Some authors have suggested that a restricted fluid resuscitation
strategy is important for patients with uncontrolled hemorrhage.48 Patients receiving
hypertonic fluids in this study did not have a reduction in total out-of-hospital fluid volumes
as might be expected. Thus, while this approach represents current civilian out-of-hospital
resuscitation, it does not directly translate to fluid restriction strategies employed by the US
military. Whether the logistical benefit of a lighter fluid load resulting in more patients who
could be treated on the battlefield will outweigh the potential risk of hypertonic resuscitation
remains to be determined. In addition, to achieve sufficient modulation of inflammation to
impact organ injury, it may be necessary to maintain a state of hypertonicity with subsequent
doses of hypertonic fluids, or avoid the dilutional effect from subsequent crystalloid. The
dose of hypertonic fluids used in this trial was the same used in all previous studies showing
modulation of the inflammatory response and reduced organ injury. Finally, the data need to
be interpreted in the context of the early stopping of the trial without meeting the formal
futility boundary. We can only exclude a treatment effect on 28-day mortality outside the
range of the 95% CIs of −7.5% to 7.8% for the HSD versus NS and −8.7% to 6.0% for the
HS versus NS groups. These limitations should be considered in the context of the many
strengths of the trial including: randomized, blinded design, comparatively large sample
size, and generalizability across many EMS systems.

In summary, we were unable to demonstrate a clinically important improvement in survival
as a result of out-of-hospital administration of hypertonic fluids. We observed a higher
mortality for patients receiving hypertonic solutions in the subgroup of patients that did not
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receive any blood transfusions in the first 24 hours. This may be explained by earlier
mortality in patients treated with HS solutions, but this did not reach statistical significance.
There was no difference in 28-day survival. Future studies are warranted to better define use
of these fluids in an austere or military environment.
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Moines Fire Department EMS, Henry County Health Center Emergency Medical Services,
Johnson County Ambulance, Siouxland Paramedics, Inc.

University of Tennessee Health Science Center, Memphis, TN

Core Investigators: Timothy Fabian, MD, Martin Croce, MD, Ben Zarzaur, MD, Louis
Magnotti, MD, Thomas Schroeppel, MD, George Maish, MD, Tiffany Bee, MD

Coordinators: Suzanne Wilson, RN, Stephanie Panzer-Baggett, RN, Lynda Waddle-Smith,
BSN

Participating EMS Agencies: Memphis Medical Center Air Ambulance Service (Hospital
Wing)

Milwaukee Resuscitation Research Center, Medical College of Wisconsin, Milwaukee,
WI: Tom P. Aufderheide, MD, Principal Investigator

Core Investigators: Ronald G. Pirrallo, MD, MHSA, Karen J. Brasel, MD, MPH, Andrea
L. Winthrop, MD, John P. Klein, PhD

Coordinators: Joseph Brandt, BS, NREMT-P, Walter Bialkowski, MS, Jennifer Noldin,
BS, David J. Kitscha, BS, MS, Barbara J. Burja, BA, EMT, Heather Bertelson, BS, Chris
von Briesen, BA, CCRC, Christopher W. Sparks, EMT, Pamela Walsh, EMS

EMS Investigators/Collaborators: John Chianelli, MS, Rosemarie Forster, MSOLQ,
RHIA, EMT-P, Michael Milbrath, EMT-P, Lauryl Pukansky, BS, RHIA, Kenneth Sternig,
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MS-EHS, BSN, EMT-P, Eugene Chin, RN, EMT-P, Nancy Frieberg, RN, EMT-P, Kim
Krueger, RN, EMT-P, Del Szewczuga, RN, EMT-P, Thomas Duerr, Rebecca Funk, BS,
RHIA, EMT-B, Gail Jacobsen, BS, Janis Spitzer, Richard Demien, James Martins, John
Cohn, Russell R. Spahn, M.A., EMT-P, Mike Jankowski, B.A., EMT-P, Timothy James,
William E. Wentlandt Jr., MBA, EFO, David Berousek, Brian M. Satula, B.A., NREMT,
Jay B. Behling, B.S., EMT-B, Dean K. Redman, B.A., EFO, Steven Hook, B.S., CFOD,
Andrew Neargarder, and Jim Singer, RN

Hospital Investigators/Collaborators: Thomas Reminga, MD, Dennis Shepherd, MD,
Peter Holzhauer, MD, Jonathan Rubin, MD, Craig Skold, MD, Orlando Alvarez, MD, Heidi
Harkins, MD, Edward Barthell, MD, William Haselow, MD, Albert Yee, MD, John
Whitcomb, MD, Eduardo E. Castro, MD, Steven Motarjeme, MD Paul Coogan, MD, Keith
Rader, MD, Jeff Glaspy, MD, Gary Gerschke, MD, Howie Croft, MD, Mike Brin, MD,
Cory Wilson, MD, Anne Johnson, MD, William Kumprey, MD

Participating EMS Agencies: Cudahy Fire Dept, Flight for Life, Franklin Fire Dept,
Greendale Fire Dept, Greenfield Fire Dept, Hales Corners Fire Dept, Milwaukee County
Airport Fire Dept, Milwaukee Fire Dept, North Shore Fire Dept, Oak Creek Fire Dept,
South Milwaukee Fire Dept, St. Francis Fire Dept, Wauwatosa Fire Dept, West Allis Fire
Department

University of California Irvine, Orange County, CA

Core Investigators: David B. Hoyt, MD, John Shaver, MD, Frank Nastanski, MD

Coordinator: Bernardine Donato, RN, BS

EMS Investigators/Collaborators: Sam Stratton, MD, Ken Miller, MD, PhD, Ruth Grubb,
RN, John Herrera EMT-P, Larry Grihalva, EMT-P

Hospital Investigators/Collaborators: Cristobal Barrios, MD, Michael Lekawa, MD,
Marianne Cinat, MD, Darren Malinoski, MD, Matthew Dolich, MD, Humberto Sauri, MD

Participating EMS Agencies: Orange County Fire Authority, Costa Mesa Fire Department,
Garden Grove Fire Department, Mercy Air

Ottawa/OPALS/British Columbia RCC, Ottawa Health Research Institute, University
of Ottawa, Ottawa, Ontario and St. Paul's Hospital, University of British Columbia,
British Columbia, Canada: Ian Stiell, MD, Principal Investigator

Core Investigators: Jim Christenson, MD, Martin Osmond, MD, Morad Hameed, MD,
David Evans, MD, Randi van Heest, MD, Christian Vaillancourt, MD

Coordinators: Patrick Lefaivre, B.Sc., A-EMCA, Marc-Andre Da Ponti, A-EMCA, ACP,
Jane Banek, CHIM, Irene Watpool, RN, Tracy McArdle, RN, Julia Foxall, RT, Mary-Jo
Lewis, RT, Barb Boychuk, RN, Sarah Pennington, RN

EMS Investigators/Collaborators: Jonathan Dreyer, MD, Douglas Munkley, MD, Justin
Maloney, MD, Paul Colella, MD, Andrew Affleck, MD, David Waldbillig, MD, Paul
Bradford, MD, Andrew Reid, MD, Kenneth Boyle, EMCA, RRT, CMA, Lorraine Luinstra-
Toohey, BScN, MHA, John Trickett, BScN, Nicole Sykes, BScN, RN, Elaine Graham,
ACP, Kieran Ballah, EMCA, Cathy Hedges, A-EMCA, ACP, Dug Andrusiek, PCP, Dan
Bishop, ACP, Ron Straight, ACP, Brian Twaites, ACP, Stuart Donn, PhD
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Participating EMS Agencies: Niagara Emergency Medical Services, Ottawa Paramedic
Service, Sudbury Emergency Medical Services, Thames Emergency Medical Services,
Superior North Emergency Medical Services, Prescott-Russell Emergency Medical
Services, Frontenac Paramedic Service, Waterloo Regional Emergency Medical Services,
A.A. and M. Volunteer Ambulance Service, Harrow Ambulance Service Ltd., SunParlour
Emergency Services Inc., Essex-Windsor Emergency Medical Services, British Columbia
Ambulance Service

Pittsburgh Resuscitation Network, the University of Pittsburgh, Pittsburgh, PA:
Clifton Callaway, MD, PhD, Principal Investigator

Core Investigators: Samuel Tisherman, MD, Jon Rittenberger, MD, David Hostler, PhD

Coordinators: Joseph Condle, Mitch Kampmeyer, Timothy Markham, Maureen Morgan

EMS Investigators/Collaborators: Paul Sabol, Gina Sicchitano, Scott Sherry, Anthony
Shrader, Greg Stull, Manuel Torres, MS, William Groft, Robert McCaughan, Rodney
Rohrer, John Cole, MD, David Fuchs, MD, Francis Guyette, MD, MS, William Jenkins,
MD, Ronald Roth, MD, Heather Walker, MD

Hospital Investigators: Alain Corcos, MD, Ankur Doshi, MD, Adrian Ong, MD, Andrew,
Peitzman, MD

Participating EMS Agencies: Washington Ambulance and Chair, Pittsburgh Bureau of
Emergency Medical Services, Pittsburgh Bureau of Fire, Mutual Aid Ambulance Service,
STAT Medevac

Portland Resuscitation Outcomes Consortium, Oregon Health and Science University,
Portland, OR: Terri Schmidt, MD, Principal Investigator

Core Investigators: Jerris R. Hedges, MD, MS, Martin A. Schreiber, MD, Craig D.
Newgard, MD, MPH, Mohamud R. Daya, MD, MS, Robert A. Lowe MD, MPH

Coordinators: Denise E. Griffiths, BS, CCRP, Dana M. Zive, MPH, Aaron W. Monnig,
EMT-P, Abdolaziz Yekrang, MPA, MA, John Brett, EMT-P

EMS Investigators/Collaborators: Jonathan Jui, MD, MPH, Ritu Sahni, MD, MPH, Craig
R. Warden, MD, MPH, Skip Freedman, MD, Marc D. Muhr, EMT-P2, John A. Stouffer,
EMT-P, Kyle Gorman, MBA, EMT-P, Pontine Rosteck, EMT-P, Cyndi Newton, EMT-P,
Tina Beeler, EMT-P, Ken Horn, EMT-P, Karl Koenig, EMT-P, Jan Lee, EMT-P, Roxy
Barnes, EMT-P, Heather Tucker, EMT-P, Brad Allen, EMT-P, TJ Bishop, EMT-P, Mike
Hollingsworth, EMT-P, Eric Schult, EMT-P, Scott Sullivan, EMT-P, Rick Williams, EMT-
P, Steve Dehart, EMT-P, Mark Stevens, EMT-P, Rob Hawks, EMT-P, Adam Glaser, EMT-
P, Rod Rowan, EMT-P, Jonathan Chin, MS, EMT-P, Steve Dargan, EMT-P, Gert
Zoutendijk, Chris Koppenhafer, Corie Depuy

Hospital Investigators/Coordinators: Jim Anderson, MD, Ameen I. Ramzy, MD, K. Dean
Gubler, DO, Lynn K. Wittwer, MD, Riyad Karmy-Jones, MD, Greg Hoskins, MD,
Samantha Underwood, MS, Denise Haun-Taylor, RN, Elizabeth Bryant, RN, Joanne Miller,
ARNP, Brooke Barone, BS, Kristine Patterson, RN

Participating EMS Agencies: American Medical Response— Clackamas, Clark, and
Multnomah Counties, Camas Fire Department, Clackamas County Fire District #1, Clark
County Fire District #6, Gresham Fire and Emergency Services, Lake Oswego Fire
Department, LifeFlight, Metro West Ambulance, North Country Ambulance, Portland Fire
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and Rescue, Portland International Airport Fire Department, Tualatin Valley Fire and
Rescue, Vancouver Fire Department

UCSD-San Diego Resuscitation Research Center, University of California at San
Diego, San Diego, CA: Daniel Davis, MD, Principal Investigator

Core Investigators: Raul Coimbra, MD, PhD, Gary Vilke, MD, James Dunford, MD

Coordinators: Donna Kelly Aker, RN, Lana McCallum-Brown, RN

EMS Investigators/Collaborators: Bruce Haynes, MD, Brad Schwartz, MD

Hospital Investigators: Michael Sise, MD, Frank Kennedy, MD, Fred Simon, MD, Gail
Tominaga, MD, John Steele, MD

Participating EMS Agencies: Alpine Fire Protection District, American Medical Response,
Barona Fire Dept, Bonita/Sunnyside Fire Protection, Borrego Springs Fire Protection
District, Carlsbad Fire Dept, Coronado Fire Dept, CSA-17 ALS Transporting Agency, Deer
Springs, Del Mar Fire Dept, East County Fire Protection District, El Cajon Fire Dept,
Encinitas Fire Protection District, Escondido Fire Department, Imperial Beach Fire Dept,
Julian-Cuyamaca Fire Dept, La Mesa Fire Dept, Lakeside Fire Protection District, Lemon
Grove Fire Dept, Mercy Air, National City Fire Dept, North County Fire, Oceanside Fire
Dept, Pala Fire Dept, Poway Fire Dept, Ramona Fire Dept, Rancho Santa Fe Fire Protection
District, San Marcos Fire Dept, San Miguel Fire Protection District, Santee Fire Dept,
Solana Beach Fire Dept, Sycuan Fire Dept, Valley Center/Mercy Ambulance, Viejas Fire
Dept, Vista Fire Dept, City of San Diego Fire Rescue Department

Seattle-King County Center for Resuscitation Research at the University of
Washington, University of Washington, Seattle, WA: Peter J. Kudenchuk, MD, Principal
Investigator

Core Investigators: Eileen Bulger, MD, Michael Copass, MD, Mickey S. Eisenberg, MD,
Tom D. Rea, MD

Coordinator: Pat Klotz, RN

EMS Investigators/Collaborators: Jonathan Larsen, Mike Helbock

Participating EMS Agencies: Airlift Northwest, Bellevue Fire Dept, Redmond Fire Dept,
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Toronto Regional Resuscitation Research out of hospital Network (Toronto Regional
RESCUeNET), University of Toronto, Toronto, Ontario, Canada: Arthur Slutsky,
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Core Investigators: Laurie J Morrison, Paul Dorian, Alan Craig, Andrew Baker, James
Hutchison, Ori Rotstein, P. Richard Verbeek, Russell MacDonald, Sandra Black, Sandro
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EMS Investigators/Collaborators: Bruce Cameron, David Austin, Grant Burse, Jamie
Frank, Jennifer Shield, John Locke, Kyle Grant, Michelle Welsford, Philip Moran, Rob
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National Heart, Lung, and Blood Institute, Bethesda, MD: George Sopko, MD, MPH,
Debra Egan, MPH, David Lathrop, PhD, Alice Mascette, MD, Patrice Desvigne Nickens,
MD, Colin Wu, PhD, Phyllis Mitchell, PhD, Tracey Hoke, MD

Clinical Trial Center, University of Washington, Seattle, WA: Gerald van Belle, PhD,
Scott Emerson, MD, PhD, Graham Nichol, MD, MPH, Susanne May, PhD, Eileen Bulger,
MD, Judy Powell, BSN, Berit Bardarson, RN, Amy Gest, MPA, Andrea Cook, PhD, Eric
Meier, BS, Luis Crouch, BS, Sean Devlin, MS, Danielle Schroeder, BS, Colleen Sitlani,
MS, Kent Koprowicz, MS, Siobhan Everson-Stewart, MS, Liz Thomas, MS, Erin Gabriel,
MS, Ken Wu, MS, Rob Schmicker, MS, RobertB. Ledingham, MS, Richard Moore, BS, Ben
Bergsten-Buret, Chi Shen, MS, Winnie Kirdpoo, BS, Jackie Berhorst, Anna Leonen, MS,
Yang Wang, PhD, Al Hallstrom, PhD

References
1. Angle N, Hoyt DB, Coimbra R, et al. Hypertonic saline resuscitation diminishes lung injury by

suppressing neutrophil activation after hemorrhagic shock. Shock. 1998; 9(3):164–170. [PubMed:
9525322]

2. Corso CO, Okamoto S, Ruttinger D, et al. Hypertonic saline dextran attenuates leukocyte
accumulation in the liver after hemorrhagic shock and resuscitation. J Trauma. 1999; 46(3):417–
423. [PubMed: 10088843]

3. Deitch EA, Shi HP, Feketeova E, et al. Hypertonic saline resuscitation limits neutrophil activation
after trauma-hemorrhagic shock. Shock. 2003; 19(4):328–333. [PubMed: 12688543]

4. Kramer GC, Perron PR, Lindsey DC, et al. Small-volume resuscitation with hypertonic saline
dextran solution. Surgery. 1986; 100(2):239–247. [PubMed: 2426818]

5. Smith GJ, Kramer GC, Perron P, et al. A comparison of several hypertonic solutions for
resuscitation of bled sheep. J Surg Res. 1985; 39(6):517–528. [PubMed: 4068690]

6. Traverso LW, Bellamy RF, Hollenbach SJ, et al. Hypertonic sodium chloride solutions: effect on
hemodynamics and survival after hemorrhage in swine. J Trauma. 1987; 27(1):32–39. [PubMed:
3806709]

7. Ducey JP, Mozingo DW, Lamiell JM, et al. A comparison of the cerebral and cardiovascular effects
of complete resuscitation with isotonic and hypertonic saline, hetastarch, and whole blood following
hemorrhage. J Trauma. 1989; 29(11):1510–1518. [PubMed: 2585562]

Bulger et al. Page 13

Ann Surg. Author manuscript; available in PMC 2011 December 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



8. Bulger E, Jurkovich G, Nathens A, et al. Hypertonic resuscitation of hypovolemic shock after blunt
trauma: a randomized controlled trial. Arch Surg. 2008; 143:139–148. [PubMed: 18283138]

9. Holcroft JW, Vassar MJ, Perry CA, et al. Use of a 7.5% NaCl/6% dextran 70 solution in the
resuscitation of injured patients in the emergency room. Prog Clin Biol Res. 1989; 299:331–338.
[PubMed: 2471213]

10. Holcroft JW, Vassar MJ, Turner JE, et al. 3% NaCl and 7.5% NaCl/dextran 70 in the resuscitation
of severely injured patients. Ann Surg. 1987; 206(3):279–288. [PubMed: 2443087]

11. Vassar MJ, Fischer RP, O'Brien PE, et al. A multicenter trial for resuscitation of injured patients
with 7.5% sodium chloride. The effect of added dextran 70. The Multicenter Group for the Study
of Hypertonic Saline in Trauma Patients. Arch Surg. 1993; 128(9):1003–1011. discussion 1011–
1003. [PubMed: 7690225]

12. Vassar MJ, Perry CA, Gannaway WL, et al. 7.5% sodium chloride/dextran for resuscitation of
trauma patients undergoing helicopter transport. Arch Surg. 1991; 126(9):1065–1072. [PubMed:
1718243]

13. Vassar MJ, Perry CA, Holcroft JW. Prehospital resuscitation of hypotensive trauma patients with
7.5% NaCl versus 7.5% NaCl with added dextran: a controlled trial. J Trauma. 1993; 34(5):622–
632. discussion 632–623. [PubMed: 7684457]

14. Mattox KL, Maningas PA, Moore EE, et al. Prehospital hypertonic saline/dextran infusion for
post-traumatic hypotension. The U.S.A. Multicenter Trial. Ann Surg. 1991; 213(5):482–491.
[PubMed: 1708984]

15. Maningas PA, Mattox KL, Pepe PE, et al. Hypertonic saline-dextran solutions for the prehospital
management of traumatic hypotension. Am J Surg. 1989; 157(5):528–533. discussion 533–524.
[PubMed: 2469338]

16. Younes RN, Aun F, Accioly CQ, et al. Hypertonic solutions in the treatment of hypovolemic
shock: a prospective, randomized study in patients admitted to the emergency room. Surgery.
1992; 111(4):380–385. [PubMed: 1373007]

17. Younes RN, Aun F, Ching CT, et al. Prognostic factors to predict outcome following the
administration of hypertonic/hyperoncotic solution in hypovolemic patients. Shock. 1997; 7(2):
79–83. [PubMed: 9035281]

18. Cooper DJ, Myles PS, McDermott FT, et al. Prehospital hypertonic saline resuscitation of patients
with hypotension and severe traumatic brain injury: a randomized controlled trial. Jama. 2004;
291(11):1350–1357. [PubMed: 15026402]

19. Medicine Io. , editor. Fluid Resuscitation: State of the Science for Treating Combat Casualties and
Civilian Injuries. Washington, DC: National Academies Press; 1999.

20. Brasel KJ, Bulger E, Cook AJ, et al. Hypertonic resuscitation: design and implementation of a
prehospital intervention trial. J Am Coll Surg. 2008; 206(2):220–232. [PubMed: 18222373]

21. Davis DP, Garberson LA, Andrusiek DL, et al. A descriptive analysis of emergency medical
service systems participating in the Resuscitation Outcomes Consortium (ROC) network. Prehosp
Emerg Care. 2007; 11(4):369–382. [PubMed: 17907019]

22. [Accessed September 30, 2009] Inflammation and Host Response to Injury Clinical Guidelines.
Available at: http://www.gluegrant.org/clinical-protocols.htm

23. Marshall JC, Cook DJ, Christou NV, et al. Multiple organ dysfunction score: a reliable descriptor
of a complex clinical outcome. Crit Care Med. 1995; 23(10):1638–1652. [PubMed: 7587228]

24. Bernard GR, Artigas A, Brigham KL, et al. Report of the American-European consensus
conference on ARDS: definitions, mechanisms, relevant outcomes and clinical trial coordination.
The Consensus Committee. Intensive Care Med. 1994; 20(3):225–232. [PubMed: 8014293]

25. Calandra T, Cohen J. The international sepsis forum consensus conference on definitions of
infection in the intensive care unit. Crit Care Med. 2005; 33(7):1538–1548. [PubMed: 16003060]

26. Wang SK, Tsiatis AA. Approximately optimal one-parameter boundaries for group sequential
trials. Biometrics. 1987; 43(1):193–199. [PubMed: 3567304]

27. Kittelson JM, Emerson SS. A unifying family of group sequential test designs. Biometrics. 1999;
55(3):874–882. [PubMed: 11315020]

28. Tisherman SA, Powell JL, Schmidt TA, et al. Regulatory challenges for the resuscitation outcomes
consortium. Circulation. 2008; 118(15):1585–1592. [PubMed: 18838574]

Bulger et al. Page 14

Ann Surg. Author manuscript; available in PMC 2011 December 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.gluegrant.org/clinical-protocols.htm


29. Bulger EM, Schmidt TA, Cook AJ, et al. The random dialing survey as a tool for community
consultation for research involving the emergency medicine exception from informed consent.
Ann Emerg Med. 2009; 53(3):341–350. 350 e341–342. [PubMed: 18824274]

30. Vassar MJ, Perry CA, Holcroft JW. Analysis of potential risks associated with 7.5% sodium
chloride resuscitation of traumatic shock. Arch Surg. 1990; 125(10):1309–1315. [PubMed:
1699508]

31. Wade CE, Kramer GC, Grady JJ, et al. Efficacy of hypertonic 7.5% saline and 6% dextran-70 in
treating trauma: a meta-analysis of controlled clinical studies. Surgery. 1997; 122(3):609–616.
[PubMed: 9308620]

32. Matsuoka T, Hildreth J, Wisner DH. Liver injury as a model of uncontrolled hemorrhagic shock:
resuscitation with different hypertonic regimens. J Trauma. 1995; 39(4):674–680. [PubMed:
7473953]

33. Krausz MM, Landau EH, Klin B, Gross D. Hypertonic saline treatment of uncontrolled
hemorrhagic shock at different periods from bleeding. Arch Surg. 1992; 127(1):93–96. [PubMed:
1734856]

34. Gross D, Landau EH, Klin B, et al. Treatment of uncontrolled hemorrhagic shock with hypertonic
saline solution. Surg Gynecol Obstet. 1990; 170(2):106–112. [PubMed: 2137262]

35. Bickell WH, Bruttig SP, Millnamow GA, et al. Use of hypertonic saline/dextran versus lactated
Ringer's solution as a resuscitation fluid after uncontrolled aortic hemorrhage in anesthetized
swine. Ann Emerg Med. 1992; 21(9):1077–1085. [PubMed: 1381159]

36. Leppaniemi A, Soltero R, Burris D, et al. Fluid resuscitation in a model of uncontrolled
hemorrhage: too much too early, or too little too late? J Surg Res. 1996; 63(2):413–418. [PubMed:
8661235]

37. Burris D, Rhee P, Kaufmann C, et al. Controlled resuscitation for uncontrolled hemorrhagic shock.
J Trauma. 1999; 46(2):216–223. [PubMed: 10029024]

38. Dubick MA, Bruttig SP, Wade CE. Issues of concern regarding the use of hypertonic/hyperoncotic
fluid resuscitation of hemorrhagic hypotension. Shock. 2006; 25(4):321–328. [PubMed:
16670632]

39. Elgjo GI, Knardahl S. Low-dose hypertonic saline (NaCl 8.0%) treatment of uncontrolled
abdominal hemorrhage: effects on arterial versus venous injury. Shock. 1996; 5(1):52–58.
[PubMed: 8821104]

40. Stern SA, Jwayyed S, Dronen SC, et al. Resuscitation of severe uncontrolled hemorrhage: 7.5%
sodium chloride/6% dextran 70 vs 0.9% sodium chloride. Acad Emerg Med. 2000; 7(8):847–856.
[PubMed: 10958123]

41. Varicoda EY, Poli de Figueiredo LF, Cruz RJ Jr, et al. Blood loss after fluid resuscitation with
isotonic or hypertonic saline for the initial treatment of uncontrolled hemorrhage induced by
spleen rupture. J Trauma. 2003; 55(1):112–117. [PubMed: 12855889]

42. Bruttig SP, O'Benar JD, Wade CE, et al. Benefit of slow infusion of hypertonic saline/dextran in
swine with uncontrolled aortotomy hemorrhage. Shock. 2005; 24(1):92–96. [PubMed: 15988326]

43. Teixeira PG, Inaba K, Hadjizacharia P, et al. Preventable or potentially preventable mortality at a
mature trauma center. J Trauma. 2007; 63(6):1338–1346. discussion 1346–1337. [PubMed:
18212658]

44. Ivatury RR, Guilford K, Malhotra AK, et al. Patient safety in trauma: maximal impact management
errors at a level I trauma center. J Trauma. 2008; 64(2):265–270. discussion 270–262. [PubMed:
18301185]

45. Tien HC, Spencer F, Tremblay LN, et al. Preventable deaths from hemorrhage at a level I
Canadian trauma center. J Trauma. 2007; 62(1):142–146. [PubMed: 17215745]

46. Gruen RL, Jurkovich GJ, McIntyre LK, et al. Patterns of errors contributing to trauma mortality:
lessons learned from 2,594 deaths. Ann Surg. 2006; 244(3):371–380. [PubMed: 16926563]

47. Ljungstrom KG, Renck H, Strandberg K, et al. Adverse reactions to dextran in Sweden 1970–
1979. Acta Chir Scand. 1983; 149(3):253–262. [PubMed: 6193664]

48. Bickell WH, Wall MJ Jr, Pepe PE, et al. Immediate versus delayed fluid resuscitation for
hypotensive patients with penetrating torso injuries. N Engl J Med. 1994; 331(17):1105–1109.
[PubMed: 7935634]

Bulger et al. Page 15

Ann Surg. Author manuscript; available in PMC 2011 December 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



FIGURE 1.
Trial enrollment: 895 patients were randomized into the Shock cohort. Among these, 42
patients had the fluid bag opened but the fluid was not administered to the patient. The
reasons for failure to administer the fluid are noted in the text. Two patients were lost to
follow-up before discharge. One due to prisoner status and the other was transferred to a
non-ROC hospital. The modified intent-to-treat analysis included all patients who had any
amount of fluid administered.
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FIGURE 2.
Kaplan-Meier curves for mortality: Panel A illustrates the 28-day mortality by treatment
group. Panel B highlights the early differences in mortality by focusing on the first 24 hours
after hospital admission.
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