
Biost 524
Emerson, Spring 10

Homework #2
April 08, 2010

Written answers to the following questions should be handed in at the beginning of class on Wednesday,
April 14, 2010. The articles will be further discussed during class on Wednesday.

Attached are

• results of a phase II clinical trial of hypertonic resuscitation in the emergency setting,

• the description of the design of a follow-on phase III clinical trial, and

• the regulations regarding the conduct of clinical studies in the absence of informed consent.

Provide very brief written answers to the following questions. (The major purpose of the written
questions is to have you able to discuss these questions in class.)

1. What is the ultimate treatment indication these clinical trials are attempting to investigate? Charac-
terize the disease, patient population, intervention, and desired outcome.

2. Prior to the conduct of this phase II trial, what was the source of scientific evidence that hypertonic
fluids might have a beneficial effect on the outcomes following severe trauma? That is, characterize the
extent to which epidemiologic data, preclinical data, animal studies, and other clinical trials might have
been used to support the conduct of this trial. It is sufficient to restrict attention to the background
information reported in these papers, although any additional information you have at your disposal
can be used at your discretion.)

3. How well do the eligibility criteria for the phase II study address the target population?

4. What are the advantages of the randomized design?

5. How well does the study intervention address the scientific question of the role of hypertonic resuscitation
in patient outcomes?

6. What was the primary outcome for the phase II clinical trial? What were the important secondary
outcomes? How were patient outcomes measured?

7. How were the safety and ethical issues inherent in the conduct of the clinical trial addressed?

8. How would you characterize the results of the phase II study?

9. What are the major ways in which the phase III study design differs from the phase II design?



ORIGINAL ARTICLE

Hypertonic Resuscitation of Hypovolemic Shock
After Blunt Trauma

A Randomized Controlled Trial

Eileen M. Bulger, MD; Gregory J. Jurkovich, MD; Avery B. Nathens, MD, PhD;
Michael K. Copass, MD; Sandy Hanson, RN; Claudette Cooper, RN; Ping-Yu Liu, PhD;
Margaret Neff, MD; Asaad B. Awan, PharmD; Keir Warner, BS; Ronald V. Maier, MD

Background: The leading cause of late mortality after
trauma is multiple organ failure syndrome, due to a dys-
functional inflammatory response early after injury. Pre-
clinical studies demonstrate that hypertonicity alters the
activation of inflammatory cells, leading to reduction in
organ injury. The purpose of this study was to evaluate
the effect of hypertonicity on organ injury after blunt
trauma.

Design: Double-blind, randomized controlled trial from
October 1, 2003, to August 31, 2005.

Setting: Prehospital enrollment at a single level I trauma
center.

Patients: Patients older than 17 years with blunt trauma
and prehospital hypotension (systolic blood pressure, �90
mm Hg).

Interventions: Treatment with 250 mL of 7.5% hyper-
tonic saline and 6% dextran 70 (HSD) vs lactated Ringer
solution (LRS).

Main Outcome Measures: The primary end point was
survival without acute respiratory distress syndrome
(ARDS) at 28 days. Cox proportional hazards regres-
sion was used to adjust for confounding factors. A pre-

planned subset analysis was performed for patients re-
quiring 10 U or more of packed red blood cells in the
first 24 hours.

Results: A total of 209 patients were enrolled (110 in the
HSDgroupand99 in theLRSgroup).Thestudywas stopped
for futility after the second interim analysis. Intent-to-
treat analysis demonstrated no significant difference in
ARDS-free survival (hazard ratio, 1.01; 95% confidence in-
terval, 0.63-1.60). There was improved ARDS-free sur-
vival in the subset (19% of the population) requiring 10 U
or more of packed red blood cells (hazard ratio, 2.18; 95%
confidence interval, 1.09-4.36).

Conclusions: Although no significant difference in ARDS-
free survival was demonstrated overall, there was ben-
efit in the subgroup of patients requiring 10 U or more
of packed red blood cells in the first 24 hours. Massive
transfusion may be a better predictor of ARDS than pre-
hospital hypotension. The use of HSD may offer maxi-
mum benefit in patients at highest risk of ARDS.

Trial Registration: clinicaltrials.gov Identifier:
NCT00113685

Arch Surg. 2008;143(2):139-148

T RAUMATIC INJURY IS THE

leading cause of death
among Americans be-
tween the ages of 1 and 44
years, resulting in nearly

150 000 deaths per year in the United
States.1 Early deaths occur as a result of
hypovolemic shock or severe traumatic
brain injury, whereas late deaths result

from progressive multiple organ dysfunc-
tion or nosocomial infection.2,3 Early
deaths resulting from traumatic brain in-
jury may also be exacerbated by inad-
equate cerebral perfusion, which leads to
a secondary ischemic injury to the brain.

Late deaths are affected by an initial ex-
cessive systemic proinflammatory re-
sponse that contributes to the develop-
ment of the acute respiratory distress
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syndrome (ARDS) and subsequent organ dysfunction lead-
ing to multiple organ failure syndrome. Whole-body is-
chemia followed by reperfusion, on resuscitation of
hypovolemic shock, causes excessive, uncontrolled acti-
vation of the host inflammatory response resulting in
organ injury. After this initial excessive inflammatory re-
sponse, many patients experience a period of immunosup-
pression that is manifested, in part, by alterations in T-cell
responsiveness.4 This results in increased susceptibility to
nosocomial infection, which can provide the stimulus for
a secondary aberrant immunoinflammatory response that
further contributes to the development of ARDS and mul-
tiple organ failure syndrome. Strategies designed to influ-
ence outcome after injury must target early deaths by fo-
cusing on the acute resuscitation of hypovolemia, while
minimizing secondary brain injury, and late deaths by im-
munomodulation of the systemic inflammatory response.

Hypertonic saline/dextran (HSD) (7.5% saline with 6%
dextran 70) has been investigated as an alternative resus-
citation fluid in critically injured patients.5-9 Use of HSD
increases the serum osmotic pressure, which results in the
redistribution of fluid from the interstitial to intravascular
space. This leads to rapid restoration of circulating intra-
vascular volume. This osmotic effect of HSD has also been
shown to reduce intracranial pressure in brain-injured pa-
tients. Thus, the combination of increased systemic per-
fusion, which increases cerebral perfusion, along with a de-
crease in the intracranial pressure should minimize the
progression of secondary brain injury. In addition, recent
studies have demonstrated an effect of hypertonicity on lim-
iting the proinflammatory response of circulating inflam-
matory cells while enhancing T-cell function.10-13 Thus, HSD
may have additional beneficial effects by modulating the
excessive immunoinflammatory response after systemic is-
chemia/reperfusion injury. Therefore, HSD has the poten-
tial to influence both early and late mortality after trau-
matic injury. Early trials of HSD resuscitation focused on
the hemodynamic effects of this resuscitation strategy and
did not report secondary outcomes such as the develop-
ment of ARDS or multiple organ failure syndrome. The pur-
pose of this trial was to determine whether HSD resusci-
tation decreases the risk of subsequent inflammatory organ
injury in patients with hypovolemic shock after blunt
trauma.

METHODS

STUDY DESIGN

This was a randomized, single-center, double-blind efficacy study.
Patients with blunt trauma and a prehospital systolic blood pres-
sure (SBP) less than or equal to 90 mm Hg were randomized to
receive either a 250-mL bolus of HSD or 250 mL of lactated Ringer
solution (LRS) as their initial reperfusion fluid, followed by ad-
ditional LRS as necessary during transport. The LRS used was non-
racemic, containing L-lactate only. Inclusion criteria were blunt
trauma, age older than 17 years (or adult size if age was un-
known), at least 1 prehospital SBP measurement less than or equal
to 90 mm Hg, and being transported directly to a single level I
trauma center from the site of injury. Exclusion criteria in-
cluded ongoing cardiopulmonary resuscitation, isolated penetrat-
ing trauma, known or suspected pregnancy, and receipt of more
than 2000 mL of crystalloid before availability of study fluid. Pa-

tients with penetrating trauma were excluded in an effort to cap-
ture patients at higher risk of ARDS. The primary outcome was
28-day ARDS-free survival for patients receiving HSD compared
with conventional resuscitation alone. Secondary outcome mea-
sures included multiple organ failure, nosocomial infection, 28-
day mortality, ventilator-free days, duration of intensive care unit
stay, and duration of hospital stay.

SCREENING AND CONSENT

This study was conducted under the federal regulations for emer-
gency medicine waiver of informed consent. Community no-
tification and consultation were undertaken before the study,
as stipulated by the University of Washington Institutional Re-
view Board and the US Food and Drug Administration. Pa-
tients were identified and enrolled at the scene of injury by the
prehospital providers. All trauma admission logs were re-
viewed daily by the study coordinator to identify any eligible
patients who were not enrolled. Informed consent was ob-
tained after hospital admission for continuation in the study
from either the subject or the subject’s legal representative.

RANDOMIZATION AND BLINDING

The study fluid was purchased (RescueFlow; BioPhausia Inc,
Stockholm, Sweden) in 250-mL infusion bags. The HSD mar-
keted by this company has regulatory approval for use in 14
European countries. Investigational drug approval was ob-
tained from the US Food and Drug Administration for use of
this product for this study. The fluids were transferred into
blinded intravenous fluid bags by the investigational phar-
macy with appropriate stability and sterility testing. A ran-
dom, computer-generated numeric code was applied to each
bag and kept by the research pharmacist. The control fluid (250
mL of LRS; Baxter Healthcare, Deerfield, Illinois) was pre-
pared in intravenous bags, which were identical to those for
the HSD fluid with the same quality control procedures. Ran-
domization numbers were computer generated in blocks of 6,
and 6 bags were placed at each base station, where they were
retrieved by the medic units. Only 1 bag of study fluid was kept
on each ambulance and 2 on each helicopter. The numbering
on each randomization block was sequential, and paramedics
were instructed to take bags in order to avoid selection bias.
To avoid the risk that blinding would be compromised by ini-
tial changes in serum sodium level, all caretakers were blinded
to the serum sodium and chloride levels for the first 12 hours
after injury. Critical serum sodium and chloride levels were re-
ported to an independent safety monitor who was not respon-
sible for the clinical treatment of the patient but who could ad-
vise the management team if intervention was required. If the
clinician required the sodium value for critical further treat-
ment of the patient, then this information was provided.

OUTCOME ASSESSMENT

Primary Outcome

The intended primary clinical outcome variable was the inci-
dence of ARDS within 28 days after injury. Operationally, to
account for patients who were lost to follow-up or died within
28 days before ARDS status could be determined, ARDS-free
survival up to 28 days was the actual measure analyzed. The
ARDS-free survival was defined as the duration from study en-
try to development of ARDS or death, whichever occurred first.
The duration was considered as having been “censored” at the
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time of last contact for patients lost to follow-up earlier than
28 days and before ARDS determination. Both an unadjusted
analysis (log-rank test) and an adjusted analysis (Cox propor-
tional hazards model regression accounting for relevant base-
line variables) were performed. Results are reported as the rela-
tive hazard of developing ARDS or death for those receiving
conventional therapy vs HSD resuscitation.

The diagnosis of ARDS was based on the American-
European Consensus Conference on ARDS definition.14 These
criteria include (1) hypoxia with a ratio of PaO2 to fraction of
inspired oxygen less than 200, (2) bilateral infiltrates on chest
radiographs, and (3) no clinical evidence of increased left atrial
pressure or a pulmonary artery wedge pressure of less than 18
mm Hg. For those without pulmonary artery catheter moni-
toring, clinical evidence of left atrial hypertension included (1)
acute myocardial infarction or known cardiomyopathy or se-
verely reduced ejection fraction (�30%) or known critical val-
vular disease; and (2) chronic or acute oliguric renal failure with
fluid input that exceeded output by 3 L or more in the previ-
ous 24-hour period. Acute lung injury has been defined as a
milder form of ARDS with the same clinical criteria except for
a ratio of PaO2 to fraction of inspired oxygen less than 300.

Secondary Outcomes

Multiple Organ Failure Syndrome. The development of ad-
ditional system organ dysfunction was tracked by the well-
validated Multiple Organ Dysfunction Score (MODS).15 Its con-
tinuous nature allows detection of subtle differences in organ
dysfunction not identified by dichotomous measures. The MODS
assigns points to each of the 6 organ systems indicated, and
the summary score is calculated by summing the worst scores
of each organ system over the course of the intensive care unit
stay. Because the MODS is designed to measure stable alter-
ations in organ function, the first 48 hours after injury are ex-
cluded. Those who died in the first 48 hours were assigned the
maximum MODS of 24, and those discharged before 48 hours
were given a MODS of 0.

Nosocomial Infections. All nosocomial infections occurring
within the first 28 days after injury were recorded, including
bacteremia, pneumonia, urinary tract infection, surgical site in-
fections, and intra-abdominal abscess. The Centers for Dis-
ease Control and Prevention definitions were used for these en-
tities (Table 1).

Resource Utilization and Mortality. Additional secondary out-
comevariables included28-daymortality,durationofhospitaland
intensive care unit stay, and ventilator-free days through day 28.
Ventilator-free days were calculated as the number of days dur-
ingwhichnoventilator supportwas requiredover the first28days.

Adverse Events and Noninfectious Complications. Serious ad-
verse events were predefined to include any evidence of allergic
reaction to HSD, seizure activity associated with infusion, a se-
rum sodium level higher than 160 mEq/L (to convert to milli-
moles per liter, multiply by 1) requiring therapeutic interven-
tion, or any death not consistent with injury severity. Additional
data were collected regarding noninfectious complications, in-
cluding acute renal failure, abdominal compartment syndrome,
deep venous thrombosis, cardiac arrest, myocardial infarction, pul-
monary embolism, and cerebral infarction.

SAMPLE SIZE ESTIMATE

On the basis of the reported incidence of ARDS after severe trau-
matic injury of 25% to 36%,16-18 we assumed a 28-day ARDS-

free survival rate of 65% for the control group and estimated a
15% improvement for the treatment group with an ARDS-free
survival of 80%. We calculated that 381 uncensored observa-
tions would be required to detect this difference on the basis
of a 2-sided log-rank analysis with a power of 0.9 (�=.1) and
an � of .05. Thus, our planned enrollment was 400 patients,
200 in each treatment arm.

DATA MONITORING AND STOPPING RULES

The trial was monitored by an independent data safety and moni-
toring board. Three interim analyses were planned at equal quar-
tiles of 28-day completion, specifically, when 25%, 50%, and 75%
of the targeted 400 patients completed the 28-day period. Stop-
ping for futility or efficacy was based on formal group sequential
stopping boundaries. The group sequential method described by
O’Brien and Fleming19 was used to develop stopping rules to limit
the effect of repeated testing on the probability of a type I error.
In particular, at 25%, 50%, and 75% analysis, results with P val-
ues less than .000045, .0039, and .018, respectively, constituted
evidence for consideration of early termination.

DATA ANALYSIS

Data analysis was performed on an intent-to-treat basis. Thus, pa-
tients who were enrolled by the prehospital providers and who
were subsequently identified as meeting exclusion criteria re-
mained in the analysis. Unadjusted analyses of ARDS-free sur-
vival and mortality were presented by means of a Kaplan-Meier
approach with log-rank test to determine statistical significance.
To account for potential differences between the groups for base-
line characteristics and injury severity, a Cox proportional haz-
ards model was used to estimate the adjusted hazard ratio (HR).
For comparison of demographic and injury severity data among
the groups, the �2 test was used for categorical variables and un-
paired t test or Wilcoxon rank sum test as appropriate for con-
tinuous variables. Where the data were not normally distrib-
uted, median and mean are both presented.

Preplanned subgroup analyses for the primary outcome
were performed for the following groups: age greater than 55
years, head Abbreviated Injury Scale (AIS) score greater than
2, chest AIS score greater than 3, Injury Severity Score (ISS)
greater than 25, massive transfusion (�10 U of red blood
cell transfusion during the first 24 hours after injury), and
survival longer than 48 hours. To account for the fact that
there may be an interaction between the treatment and the
number of units of blood required, an additional analysis
was conducted using the number of units transfused as an
interaction term.

RESULTS

During the study period (October 1, 2003, to August
31, 2005), 4260 persons older than 17 years with blunt
trauma were admitted to our trauma center directly
from the scene of injury. Of these, 261 patients (6.1%)
had a prehospital SBP less than or equal to 90 mm Hg
and, of these, 209 were enrolled (Figure 1). The rea-
sons for failure to enroll patients are indicated in
Figure 1. Of the patients enrolled, 21 (9 in the HSD
group and 12 in the LRS group) were subsequently
found to meet 1 of the exclusion criteria (Table 2) but
remained in the analysis on an intent-to-treat basis. For
1 patient in the HSD group we could not confirm that
the entire volume of fluid had been infused. All provid-
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ers were blinded as to the fluid administered, and we
attempted to blind care providers to the serum sodium
and chloride levels for the first 12 hours after injury.
Complete 12-hour blinding was maintained for 78% of
patients in both groups. Three patients were intention-
ally unblinded at the request of the neurosurgical ser-
vice to allow for the administration of additional 3%
saline to control elevated intracranial pressure. Two
patients in the LRS arm of the study were pronounced
dead in the field and were not transported to the hospi-
tal. They remained in the analysis for mortality and
ARDS-free survival. Three patients (all from the LRS
arm) who were ARDS-free at discharge were lost to
follow-up before day 28: 1 was sent home on day 6 and
subsequently had the telephone disconnected; the other
2 were homeless persons who left the hospital against
medical advice on days 5 and 7.

The demographics and mechanism of injury of the
study cohort are given in Table 3. There were no sig-
nificant differences between the treatment groups rela-
tive to age, race, sex, or mechanism of injury. Although
there were no significant differences in injury severity
between the groups, by chance, the HSD group trended
toward higher injury severity as manifested by the pro-
portion of patients with an ISS greater than 25, head AIS
score greater than 2, and chest AIS score greater than 3
(Table 4). Approximately 22% of patients in the HSD
group and 15% of patients in the LRS group (P=.22) re-
quired massive transfusion, as defined by the need for
10 U or more of red blood cells during the first 24 hours
after injury. The prehospital care provided is given in
Table 5. A higher proportion of patients in the HSD
group were transported by aeromedical transport (45.5%
vs 34.3% in LRS group). Patients in the HSD group were

Table 1. Definitions of Nosocomial Infections

Bacteremia
To diagnose bacteremia, criteria 1 and 2 must be satisfied on the same day:

1. Recognized pathogen isolated on 1 blood culture or, if organism is a common skin contaminant (diphtheroids, Bacillus, Propionibacterium,
coagulase-negative staphylococci, or micrococci), 2 positive blood cultures are required

2. At least 1 of the following:
a. Fever (temperature � 38°C) or hypothermia (temperature � 36°C)
b. Chills
c. Hypotension (SBP � 90 mm Hg)

Pneumonia
To diagnose pneumonia, all 3 criteria must be satisfied within a 3-day period during days 1-28:

1. Radiographic criteria (both a and b):
a. New infiltrate corresponding in size to � 1 segment of lung, or cavitation with an air fluid level
b. Radiographic finding persists � 24 h

2. Clinical criteria (both a and b):
a. Fever (temperature � 38.3°C) or hypothermia (temperature � 36.0°C)
b. WBC count �10 000/µL or 25% increase over last available value or bands �10% of total WBC count or new decrease in WBC count to �4000/µL

3. Bacteriologic confirmation by at least 1 of:
• Positive blood culture for bacterial pathogen also identified in sputum or other respiratory culture
• Protected specimen brushing with �103 CFU of bacterial pathogen per milliliter
• BAL with � 104 CFU of bacterial pathogen per milliliter
• Positive Gram stain from BAL fluid
• Positive sputum gram stain with � 3� of 1 type of bacteria
• Positive semiquantitative sputum culture with � 3� growth of 1 type of pathogenic bacteria (if not quantitative, then must be moderate

or heavy growth)

Wound Infection
To diagnose wound infection, all of the following criteria must be met:

1. Erythema or wound drainage
2. One of the following:

a. Fever (temperature � 38.3°C) or hypothermia (temperature � 36.0°C)
b. WBC count � 10 000/µL or 25% increase over last available value or bands � 10% of total WBC count or new decrease in WBC count

to � 4000/µL
3. Intervention: wound drainage and/or treatment with antibiotics

Intra-abdominal Abscess
To diagnose intra-abdominal abscess, both of the following criteria must be met:

1. Intra-abdominal fluid collection requiring percutaneous or surgical drainage
2. Growth of bacteria on culture of drainage fluid

Urinary Tract Infection
To diagnose urinary tract infection, criteria 1 and 2 must be met on the same day:

1. Urine culture with � 100 000 colonies of organism
2. One of following:

a. Fever (temperature � 38.3°C) or hypothermia (temperature � 36.0°C)
b. WBC count � 10 000/µL or 25% increase over last available value or bands � 10% of total WBC count or new decrease in WBC count

to � 4000/µL

Abbreviations: BAL, bronchoalveolar lavage; CFU, colony-forming units; SBP, systolic blood pressure; WBC, white blood cell.
SI conversion factor: To convert WBC count to 	 109/L, multiply by 0.001.
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also more likely to be intubated in the prehospital set-
ting (72.7% vs 62.6%) and received a higher volume of
total prehospital fluids.

There was no difference in the mean prehospital blood
pressure before study drug administration or blood pres-
sure on arrival to the emergency department (ED)

(Table 5). Patients in the HSD group did tend to main-
tain their blood pressure better in the ED, as shown by
the lowest systolic pressure recorded during this pe-
riod. As expected, patients in the HSD group had a sig-
nificant elevation in serum sodium level on admission
(mean [SD], 147 [6] mEq/L vs 140 [4] mEq/L in the LRS
group; P� .001). Admission hematocrit was also lower
in the HSD group, but there was no significant differ-
ence in markers of coagulopathy. There was also no dif-

Patients assessed for
eligibility (N = 4260)

Patients randomized
(n = 209)

Hypertonic saline/dextran (n = 110)
  Received as assigned (n = 109)
  Partial fluid administration (n = 1)

Lactated Ringer solution (n = 99)
  Received as assigned (n = 99)
  

Reason not enrolled (n = 52)
  EMS provider forgot (n = 30)
  Confusion regarding inclusion criteria (n = 13)
  Overwhelming patient care issues (n = 4)
  No study drug available (n = 3)
  Uncontrolled scene (n = 1)
  Unable to obtain IV access (n = 1)

Lost to follow-up at day 28 (n = 0)
  

Lost to follow-up at day 28 (n = 3)
  All homeless, discharged alive
  without ARDS (days 5, 6, and 7)

Included in analysis (n = 110)
  

Included in analysis (n = 99)
  

Patients meeting inclusion
criteria (n = 261)

Figure 1. Patient enrollment. ARDS indicates acute respiratory distress
syndrome; EMS, emergency medical services; and IV, intravenous. The
hypertonic saline/dextran was 7.5 hypertonic saline with 6% dextran 70.

Table 2. Patients With Entry Criteria Violations

Type of Violation

No. (%)

HSD
(n=110)

LRS
(n=99)

Total
(N=209)

Ongoing CPR 2 (1.8) 5 (5.1) 7 (3.3)
Transfer from other hospital 2 (1.8) 4 (4.0) 6 (2.9)
Mental status not altered 0 2 (2.0) 2 (1.0)
SBP � 90 mm Hg 2 (1.8) 0 2 (1.0)
Penetrating trauma 1 (0.9) 1 (1.0) 2 (1.0)
Other resuscitative fluid � 2000 mL

before randomization
2 (1.8) 0 2 (1.0)

Age � 18 y and not adult size 0 1 (1.0) 1 (0.5)
Total 9 (8.2) 12 (12.1)a 21 (10.0)

Abbreviations: CPR, cardiopulmonary resuscitation; HSD, hypertonic
saline/dextran (7.5% saline and 6% dextran 70); LRS, lactated Ringer
solution; SBP, systolic blood pressure.

aOne patient in the LRS group both was younger than 18 years and did
not have altered mental status.

Table 3. Patient Demographics and Mechanism of Injury

HSD
(n=110)

LRS
(n=99)

Age, y
Median (range) 41 (15-84) 35 (13-90)
Mean (SD) 41 (18) 38 (19)
Age � 55 y, No. (%) 21 (19.1) 19 (19)

Sex, No. (%)
Male 69 (62.7) 68 (68.7)
Female 41 (37.3) 31 (31.3)

Race, No. (%)
White 89 (80.9) 83 (83.8)
Asian 7 (6.4) 8 (8.1)
African American 7 (6.4) 5 (5.1)
American Indian 6 (5.5) 0
Pacific Islander 1 (0.9) 0
Other 0 1 (1.0)
Unknown 0 1 (1.0)

Mechanism of injury, No. (%)
Motor vehicle crash 59 (53.6) 49 (49.5)
Motorcycle crash 16 (14.5) 10 (10.1)
Pedestrian or bicyclist struck 6 (5.5) 15 (15.2)
Fall 13 (11.8) 12 (12.1)
Assault 13 (11.8) 10 (10.1)
Other 3 (2.7) 3 (3.0)

Abbreviations: HSD, hypertonic saline/dextran (7.5% saline and 6%
dextran 70); LRS, lactated Ringer solution.

Table 4. Injury Severity

HSD
(n=110)

LRS
(n=99)

Injury Severity Score
Median (range) 27 (0-75) 23 (0-75)
Mean (SD) 29 (19) 28 (19)
Score � 25, No. (%) 63 (57.3) 48 (48.5)
Head AIS score � 2, No. (%) 44 (40.0) 34 (34.3)
Chest AIS score � 3, No. (%) 33 (30.0) 25 (25.3)

TRISS
Median (range) 82.9 (0-100) 91.5 (0-100)
Mean (SD) 61.7 (37.9) 68.2 (36.6)

PRBCs in first 24 h, U
Median (range) 2.0 (0-44) 0.0 (0-61)
Mean (SD) 5.5 (8.1) 5.4 (10.3)
� 10, No. (%) 24 (21.8) 15 (15.2)
� 1 to � 10, No. (%) 37 (33.6) 32 (32.3)
� 1, No. (%) 49 (44.5) 51 (51.5)

Abbreviations: AIS, Abbreviated Injury Scale; HSD, hypertonic
saline/dextran (7.5% saline and 6% dextran 70); LRS, lactated Ringer
solution; PRBCs, packed red blood cells; TRISS, Trauma Score–Injury
Severity Score.
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ference in the degree of metabolic acidosis in the ED, as
indicated by initial lactate level or arterial pH.

PRIMARY OUTCOME

The primary outcome of ARDS-free survival was as-
sessed by a Kaplan-Meier approach (Figure 2). The es-
timated 28-day ARDS-free survival rate was 54% for the
HSD group and 64% for the LRS group (P=.16, log-rank
test). The unadjusted HR for LRS vs HSD was 0.75 (95%
confidence interval [CI], 0.49-1.15). Nine of the 41 pa-
tients with ARDS (6 in the HSD arm and 3 in the LRS

arm) subsequently died before day 28. To account for dif-
ferences in injury severity, a Cox proportional hazards
analysis was performed that included the following vari-
ables: age older than 55 years, head AIS score greater than
2, chest AIS score greater than 3, ISS greater than 25, and
massive transfusion (�10 U of packed red blood cells per
24 hours). This resulted in an LRS vs HSD HR of 1.01
(95% CI, 0.63-1.60). Factors that were significantly
associated with decreased ARDS-free survival were as
follows: age older than 55 years (HR, 1.88; 95% CI, 1.12-
3.14), ISS greater than 25 (HR, 4.27; 95% CI, 2.12-
8.59), and 10 U or more of packed red blood cells
(HR, 2.65; 95% CI, 1.61-4.37).

SECONDARY OUTCOMES
AND ADVERSE EVENTS

There were no significant differences in the secondary
outcome measures (Table 6). The most common noso-
comial infection in both groups was pneumonia. There were
no adverse events that were judged to be related to treat-
ment. Specifically, there was no evidence of allergic reac-
tion to HSD and no reports of seizures or elevated serum
sodium levels that required therapeutic intervention. The
noninfectious complications are listed in Table 7. There
was a higher rate of deep venous thrombosis in the LRS
group (P=.03). The estimated 28-day mortality was 29%
for the HSD group and 22% for the LRS group (P=.30).
The Kaplan-Meier curves for 28-day survival are shown in
Figure 3. Sixty-five percent (35 of 54) of the deaths oc-
curred within the first 48 hours after injury.

Subgroup Analyses

Preplanned observational analysis of relevant patient sub-
groups included the following: age older than 55 years,

Table 5. Prehospital Care and Admission Physiologic
Findingsa

HSD
(n=110)

LRS
(n=99b)

P
Value

Aeromedical transport, No. (%) 50 (45.5) 34 (34.3) .12
Prehospital intubation, No. (%) 80 (72.7) 62 (62.6) .12
Total prehospital IV fluids, L 2.3 (1.6) 1.8 (1.0) .02
Prehospital SBP, mm Hg 71 (27) 72 (25) � .99
First SBP in ED, mm Hg 128 (37) 123 (37) .33
Lowest SBP in ED, mm Hg 100 (28) 92 (33) .06
Admission hematocrit 0.30 (0.07) 0.34 (0.08) � .001
Admission serum sodium, mEq/L 147 (6) 140 (4) � .001
Admission serum lactate, mg/dL 4.7 (2.7) 5.3 (4.0) .31
Admission pH 7.29 (0.1) 7.28 (0.4) .80
Admission INR 1.6 (0.8) 1.5 (0.6) .31
Admission platelet count, 	103/µL 200 (75) 213 (89) .30
Admission fibrinogen, mg/dL 205 (104) 225 (89) .15
Death in field or ED, No. (%) 7 (6.4) 7 (7.1) .90

Abbreviations: ED, emergency department; HSD, hypertonic saline/dextran
(7.5% saline and 6% dextran 70); INR, international normalized ratio; IV,
intravenous; LRS, lactated Ringer solution; SBP, systolic blood pressure.

SI conversion factors: To convert lactate to millimoles per liter, multiply by
0.111; fibrinogen to micromoles per liter, multiply by 0.0294; platelets to 	
109/L, multiply by 1.0; and sodium to millimoles per liter, multiply by 1.

aValues are mean (SD) unless otherwise stated.
bTwo patients in the LRS group were pronounced dead in the field and not

transported to the ED.
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Figure 2. Kaplan-Meier curve for acute respiratory distress syndrome
(ARDS)–free survival (AFS). CI indicates confidence interval; HR, hazard
ratio; HSD, hypertonic saline/dextran (7.5% saline and 6% dextran 70); and
LRS, lactated Ringer solution.

Table 6. Secondary Outcomes

HSD
(n=110)

LRS
(n=99)

P
Value

No. of ICU days, mean (SD) 7.4 (8.6) 5.9 (7.3) .26
No. of ventilator-free days,

mean (SD)
14.8 (11.9) 17.4 (11.4) .10

Worst MODS, mean (SD) 8.5 (8.3) 7.5 (8.5) .24
28-d Mortality, No. (%) 32 (29.1) 22 (22.2) .30
Nosocomial infection, No. (%)

Pneumonia 15 (13.6) 11 (11.1)
Wound infection 9 (8.2) 6 (6.1)
Bloodstream infection 6 (5.5) 5 (5.1)
UTI 3 (2.7) 7 (7.1)
Intra-abdominal abscess 4 (3.6) 0
Sinusitis 1 (0.9) 0
Pseudomembranous colitis 1 (0.9) 0
Line infection 1 (0.9) 0
Other 1 (0.9) 0
Any nosocomial infectiona 20 (18.2) 15 (15.2) .58

Abbreviations: HSD, hypertonic saline/dextran (7.5% saline and 6%
dextran 70); ICU, intensive care unit; LRS, lactated Ringer solution; MODS,
Multiple Organ Dysfunction Score; UTI, urinary tract infection.

aAny nosocomial infection refers to patients having any 1 of the infections
listed.
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head AIS score greater than 2, chest AIS score greater than
3, ISS greater than 25, massive transfusion (�10 U of red
blood cell transfusion during the first 24 hours after in-
jury), and survival longer than 48 hours. There was no
significant advantage of HSD treatment in these sub-
groups, with the exception of the massive transfusion
group. The Kaplan-Meier curve for ARDS-free survival
for this subgroup is shown in Figure 4. The esti-
mated 28-day ARDS-free survival rate was 13% for the
HSD group vs 0% for the LRS group. This resulted in
an HR of 2.03 (95% CI, 0.94-4.40). When the number
of units transfused was considered as an interaction
term, the HR was 2.18 (95% CI, 1.09-4.36). Given the
small number of patients in this subgroup and the
number of subgroup analyses, this cannot be consid-
ered statistically significant.

Analysis of Futility

The study was closed on the basis of futility after the sec-
ond Data Safety Monitoring Board interim analysis, which
was based on analysis of the first 200 patients enrolled. At
that time, the adjusted LRS vs HSD HR for ARDS-free sur-
vival based on treatment was 1.02 (95% CI, 0.64-1.63;
P=.94). With P values of .25 by log-rank test for the ARDS-
free survival duration up to 28 days and .18 for the binary
28-day rate, there were no indications that the null hy-
pothesis of no treatment difference should be rejected for
either outcome. To assess the study’s sample size calcula-
tion assumption, the alternative hypothesis used to power
the study (ie, the HDS arm’s 28-day ARDS-free survival rate
is higher than that of the control arm by 15% [eg, 80% vs
65%]) was also tested. The P value for this test was .0002,
which constitutes evidence that the hypothesis of a 15%
HDS advantage is highly unlikely. Furthermore, the P value
for a 10% HDS advantage was .0027, indicating that a theo-
retical 10% HDS benefit was highly unlikely. Should there
be a 10% difference (eg, 70% vs 60%), it would require 990
patients to have a power of 0.90 to observe a statistically
significant difference. With 400 patients, the power to de-
tect such a difference is 0.51. On the basis of these interim
analyses results, the independent Data Safety Monitoring
Board judged it futile to continue enrollment in a single-
center trial and recommended early study termination. In
addition, the 1 subgroup that did have some suggestion of

benefit was the group requiring massive transfusion, and
this subgroup represented only 19% of the population, sug-
gesting that more specific inclusion criteria would be nec-
essary to capture this severely injured population.

COMMENT

Previous to this study, there have been 8 clinical trials
of HSD resuscitation after hypovolemic shock and 1 fo-
cused on outcome after traumatic brain injury.5-9,20-23 Early
studies of hypertonic resuscitation focused solely on the
hemodynamic effects of restoring blood pressure with a
smaller volume of resuscitation fluid. Of the 8 trials on
hypovolemic shock, 2 involved administration of the fluid
in the ED and 6 were prehospital studies. Data from ani-
mal models suggest that HSD resuscitation is most ef-
fective when given as the initial resuscitation fluid at the
time of reperfusion.24 This is consistent with the finding
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Figure 3. Kaplan-Meier curve for 28-day survival. HSD indicates hypertonic
saline/dextran (7.5% saline and 6% dextran 70); LRS, lactated Ringer
solution.
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Figure 4. Kaplan-Meier curve for acute respiratory distress syndrome
(ARDS)–free survival for patients requiring massive transfusion, defined as
the need for 10 U or more of packed red blood cell transfusion in the first 24
hours after injury. HSD indicates hypertonic saline/dextran (7.5% saline and
6% dextran 70); LRS, lactated Ringer solution.

Table 7. Noninfectious Complications

No. (%)

HSD
(n=110)

LRS
(n=99)

Acute renal failure 2 (1.8) 2 (2.0)
Abdominal compartment syndrome 4 (3.6) 8 (8.1)
Deep venous thrombosis 1 (0.9) 7 (7.1)
Cardiac arrest 2 (1.8) 4 (4.0)
Myocardial infarction 2 (1.8) 2 (2.0)
Pulmonary embolus 1 (0.9) 1 (1.0)
Cerebral infarction 1 (0.9) 0

Abbreviations: HSD, hypertonic saline/dextran (7.5% saline and 6%
dextran 70); LRS, lactated Ringer solution.
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of a survival advantage in the prehospital trials that was
not evident in the ED-based trials. Many of these stud-
ies were limited by their sample size, and several closed
short of their power calculations for logistical reasons.
The largest evaluation of HSD resuscitation was a mul-
ticenter trial by Mattox et al6 in 1991. This trial in-
volved prehospital administration of HSD in 3 US cities.
Although designed to be representative of the entire
trauma population, this trial had a much higher percent-
age of patients with penetrating trauma (72%) than that
seen in most studies. As a result, they were unable to evalu-
ate any effect on traumatic brain injury. They did report
a trend toward a decrease in the incidence of ARDS; how-
ever, only 2 patients in the cohort developed ARDS, which
is a much lower incidence than that seen in the average
blunt trauma population. This observation led us to re-
strict this trial to patients with blunt trauma. Subse-
quent meta-analyses of these data, however, did suggest
a survival advantage to hospital discharge (odds ratio, 1.47;
95% CI, 1.04-2.08).25 Furthermore, patients who re-
quired blood transfusion or immediate surgical inter-
vention for bleeding showed an even greater survival ben-
efit from HSD.

A recently completed trial by Cooper et al20 from Aus-
tralia focused on the effect of resuscitation with 7.5% sa-
line (without dextran) on neurologic outcome in pa-
tients with a prehospital Glasgow Coma Scale score less
than 8 and an SBP less than 100 mm Hg. This trial was
also limited by a small sample size, with only 229 pa-
tients enrolled, and a 50% mortality, thus limiting the
number of patients available for outcome assessment. In-
terestingly, although it was not statistically significant,
they did observe a trend toward improved survival at 6
months in the hypertonic group (odds ratio, 1.17; 95%
CI, 0.9-1.5; P=.23). Of the patients who survived to the
ED, the long-term survival was 67% for those receiving
hypertonic saline vs 55% for the LRS group (odds ratio,
1.72; 95% CI, 0.95-3.1; P=.07).

Subsequent to these early trials, a number of studies
have demonstrated the profound effects of hypertonic-
ity on the modulation of the inflammatory response. This
includes a transient inhibition of the innate immune re-
sponse with preservation and enhancement of the adap-
tive immune response.13,26-29 Animal models of acute lung
injury after hypovolemic shock have suggested that HSD
resuscitation may significantly attenuate the develop-
ment of inflammatory lung injury.26,30 It is unknown
whether these changes observed in the laboratory will
translate into a decrease in the risk of ARDS or MODS in
patients resuscitated from hypovolemic shock. Human
studies of the administration of 7.5% saline to women
undergoing elective hysterectomy failed to show any sig-
nificant changes in plasma cytokine levels or the pheno-
type of immune cells.31,32 More recent data on HSD re-
suscitation for patients in hypovolemic shock have
demonstrated significant changes in neutrophil and mono-
cyte function consistent with animal models.10,33 Thus,
these effects may be evident only in patients with a sig-
nificant inflammatory insult.

A prominent theory for the development of MODS af-
ter injury involves a systemic activation of the inflam-
matory response due to whole-body ischemia/

reperfusion injury after hemorrhagic shock coupled with
release of inflammatory mediators from damaged tis-
sue.34 This results in dysfunctional activation of the in-
nate immune response and a subsequent susceptibility
to infection as a result of a counterinflammatory re-
sponse. Hypertonic resuscitation has the potential to
modulate this initial response and thus minimize sus-
ceptibility to a secondary insult. It is unknown whether
this single initial dose is adequate to abate this process
or whether maintenance of hypertonicity for a longer pe-
riod is required. The addition of dextran to 7.5% saline
is purported to prolong these effects for up to 4 hours.
Furthermore, lung injury is the most common and ini-
tial manifestation of postinjury organ failure and thus may
be most representative of the initial effects of hyper-
tonic resuscitation.35 Therefore, the purpose of this project
was to determine whether HSD resuscitation at the time
of reperfusion would reduce the incidence of ARDS and
subsequent MODS in this patient population.

We selected the inclusion criterion of a prehospital
SBP less than or equal to 90 mm Hg on the basis of pre-
vious studies that suggested that this value selects for a
patient population with severe injury.36-38 This was also
the primary inclusion criterion for previous trials of HSD
resuscitation. What we observed, however, was that a
single prehospital SBP less than or equal to 90 mm Hg
was not a specific marker for hypovolemic shock, with
44.5% of the patients enrolled in this trial not requiring
any blood transfusions in the first 24 hours after injury.
Thus, we maintain that the primary reason for the futil-
ity outcome of this trial was the failure to enroll the pa-
tient population at highest risk for ARDS and thus most
likely to benefit from this intervention. Massive trans-
fusion appears to be a much better predictor of ARDS than
does prehospital SBP less than or equal to 90 mm Hg.
This is consistent with several previous studies that have
confirmed the high risk of ARDS and MODS associated
with blood transfusion.39,40 This finding has implica-
tions for the future design of trials evaluating resuscita-
tion strategies in the prehospital setting. In response to
these data, we have now altered the inclusion criteria for
an upcoming multicenter trial of hypertonic resuscita-
tion sponsored by the Resuscitation Outcomes Consor-
tium (funded by the National Heart, Lung, and Blood In-
stitute). This trial will enroll patients with a prehospital
SBP less than 70 mm Hg or 70 to 90 mm Hg with a heart
rate greater than 108 beats/min. These prehospital vital
signs were associated with a higher proportion of pa-
tients requiring massive transfusion. Future efforts should
focus on additional markers of shock in the prehospital
setting to better identify patients who warrant early novel
interventions. More sophisticated monitoring, such as
evaluation of heart rate variability, measurement of tis-
sue oxygen saturation, or rapid assessment of acid-base
status using portable lactate or blood gas assessment tools,
might be of use for future studies.41-43

There were several limitations to the trial results as
they stand. Despite randomization, there appears to be
a chance inequity between the treatment groups, with a
higher severity of injury and greater need for massive
transfusion in the HSD group, which thus required mul-
tivariate analysis to evaluate the treatment effect. In ad-
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dition, a higher proportion of patients received prehos-
pital intubation in the HSD group. Prehospital intubation
has been associated with hyperventilation, which may be
detrimental to patients with severe traumatic brain in-
jury.44,45 In addition, despite efforts to blind care provid-
ers to the serum sodium and chloride levels for the first 12
hours after injury, this was successful only 78% of the time.
Thus, if clinicians were aware of elevated serum sodium
levels, they could have altered the resuscitation of the pa-
tients and thus diminished the effect of the intervention.
All care providers were notified of the study and in-
structed not to alter therapy on the basis of hypernatremia
alone, but it is possible that this may have occurred. The
admission serum sodium level in this trial was on average
147 mEq/L. This is consistent with a recent trial in which
HSD was administered to patients in hypovolemic shock
in the ED and the mean serum sodium level 1 hour after
administration was also 147 mEq/L.10 In the previous clini-
cal trials of HSD in the prehospital setting, mean admis-
sion sodium level ranged from 148 to 154 mEq/L.5-7,9,21,22

It has been argued that the efficacy of hypertonic resusci-
tation is reduced by the rapid administration of additional
crystalloid solutions during ongoing resuscitation. Pa-
tients in the HSD group did receive more crystalloid solu-
tion in the prehospital setting, but this is likely owing to
longer transport times as a result of a greater proportion
of air transport in this group. We cannot rule out that the
effects of hypertonicity on the inflammatory response may
require a more significant period of hypernatremia. How-
ever, in the recently conducted ED trial,10 significant modu-
lation of neutrophil and monocyte function occurred up
to 6 hours after fluid administration with serum sodium
levels comparable with those observed in this trial. A more
prolonged or extreme initial hypernatremia may be re-
quired to affect clinical outcomes. To study this would re-
quire repeated dosing of HSD, which is currently limited
because of the lack of available safety data in humans; such
data are vital to support trials conducted under the emer-
gency medicine waiver of informed consent regulations.

In conclusion, we demonstrate no difference in the pri-
mary or secondary outcomes assessed after hypertonic
resuscitation in a blunt trauma population presenting with
a prehospital SBP less than or equal to 90 mm Hg. There
is the potential for benefit in the subgroup of patients re-
quiring massive transfusion, which may be a marker for
more severe hypovolemia or may directly affect the host
immunoinflammatory response. It is, of course, pos-
sible that HSD has no relevant effect in humans at this
dose; however, the weight of the current evidence still
favors a survival advantage for those most severely in-
jured. Further study is necessary to define this effect. We
are now proceeding with a multicenter trial conducted
by the Resuscitation Outcomes Consortium to allow ad-
equate power to assess the effect of hypertonic resusci-
tation on survival after injury. This study is planned to
enroll 3726 patients in hypovolemic shock after injury
into 3 study arms: 7.5% saline with and without dextran
vs isotonic sodium chloride solution. Secondary end points
will include the development of ARDS and MODS and
should provide a definitive answer regarding the role of
this treatment strategy in the resuscitation of these se-
verely injured patients.
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ypertonic Resuscitation: Design and
mplementation of a Prehospital Intervention Trial
aren J Brasel, MD, MPH, FACS, Eileen Bulger, MD, FACS, Andrea J Cook, PhD,
aurie J Morrison, MD, MSc, MPH, Craig D Newgard, MD, MPH, Sam A Tisherman, MD, FACS,
effrey D Kerby, MD, PhD, FACS, Raul Coimbra, MD, PhD, FACS, J Steven Hata, MD, FCCP, MS,
avid B Hoyt, MD, FACS, and the Resuscitation Outcomes Consortium Investigators

BACKGROUND: Trauma is the leading cause of death among North Americans between the ages of 1 and 44
years. Resuscitation with hypertonic saline (7.5%) solutions can reduce mortality in hypoten-
sive and brain-injured patients.

STUDY DESIGN: Two multicenter, randomized, clinical trials were designed to compare hypertonic saline resus-
citation with or without dextran with conventional isotonic resuscitation in patients with
hypovolemic shock or traumatic brain injury. During a 3-year period, 5,848 patients will be
randomized, with a primary end point of 28-day survival in the hypovolemic shock cohort and
6-month neurologic outcomes in the traumatic brain injury cohort.

RESULTS: This is a report of the study design and implementation of 2 large-scale prehospital intervention
trials from the Resuscitation Outcomes Consortium that qualify for exception from informed
consent required for emergency research outlined in FDA regulation 21CFR50.24 and the
Canadian Tri-Council Agreement for research in emergency health situations (Article 2.8).

CONCLUSIONS: We have successfully designed and implemented two prehospital intervention trials. The proc-
ess has helped define the numerous challenges that must be overcome to pursue exception from
informed consent resuscitation research in the prehospital setting. The results of these studies
will hopefully advance and improve the early care of the severely injured patient. ( J Am Coll

Surg 2008;206:220–232. © 2008 by the American College of Surgeons)
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rauma is the leading cause of death among North Amer-
cans between the ages of 1 and 44 years.1 The majority of
hese deaths result from hypovolemic shock or severe brain
njury. Conventional resuscitation involves IV administra-
ion of a large volume of isotonic (normal saline) or slightly
ypotonic (Lactated Ringer’s) solutions beginning in the
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rehospital setting. Earlier animal and human studies have
uggested that resuscitation with hypertonic saline (HS;
.5%) solutions can reduce mortality in hypotensive
atients.2-12 Hypertonic fluids can have specific advantages

n the brain-injured patient, by aiding in rapid restoration
f cerebral perfusion and preventing extravascular fluid se-
uestration, thereby limiting secondary brain injury. In
ddition, recent studies have demonstrated that hyperto-
icity substantially alters activation of inflammatory cells,
n effect that can reduce subsequent organ injury from
schemia-reperfusion and decrease nosocomial infec-
ion.13,14 The majority of previous clinical trials (Table 1)
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ave focused on use of a 7.5% saline solution coupled with
% dextran-70 (HSD). Dextran was added to the solution
n an effort to prolong the circulatory effect of hypertonic-
ty. The lack of clear benefit in these clinical trials might be
result of the fact that they were underpowered.5,7-12,15,16

Subsequent to early clinical trials, there have been several
nimal studies demonstrating reduction of inflammatory or-
an injury using HS rather than HSD.17-20 It remains unclear
hether HS or HSD is more effective than isotonic resuscita-

ion in patients with hypovolemic shock or severe brain injury.
A trial addressing the benefits and risks of resuscitation

ith HSD on survival and neurologic end points will re-
uire a large number of subjects, with multicenter partici-
ation. In anticipation of timely design, implementation,
nd conduct of clinical resuscitation research studies, the

able 1. Prospective, Randomized Human Trials of Hyperto
irst author Year Population n

olcroft8 1987 Prehospital trauma 49
olcroft15 1989 Hypotensive trauma

patients in ED, SBP
� 80 mmHg

32

assar9 1991 Prehospital trauma patients,
SBP � 100 mmHg

166

attox6 1991 Prehospital trauma patients,
SBP � 90 mmHg, 72%
penetrating injury

359

ounes16 1992 Hypovolemic shock in ED,
SBP � 80 mmHg

105

assar5 1993 Prehospital trauma patients,
SBP � 90 mmHg

258

assar5 1993 Prehospital trauma patients,
SBP � 90 mmHg

194

ounes10 1997 Hypovolemic shock in ED 212

ooper11 2004 Prehospital trauma patients
with shock and TBI

229

ulger12 2006 Prehospital trauma patients
with SBP � 90 mmHg

209

Abbreviations and Acronyms

EMS � emergency medical services
GCS � Glasgow Coma Score
GOSE � Glasgow Outcomes Score Extended
HS � hypertonic saline
HSD � hypertonic saline with dextran
IC � intracranial
LAR � legally authorized representative
ROC � Resuscitation Outcomes Consortium
SBP � systolic blood pressure
TBI � traumatic brain injury
D, emergency department; MTOS, Major Trauma Outcome Study; PRBCs, pack
ational Heart, Lung and Blood Institute and the Cana-
ian Institutes of Health Research, with several other con-
ributors, funded a multicentered, multinational network
f clinical researchers called the Resuscitation Outcomes
onsortium (ROC).

OC
OC was created to conduct interventional prehospital
linical research in the areas of cardiopulmonary resuscita-
ion and traumatic injury. ROC consists of 10 Regional
linical Centers throughout North America and a Data

nd Coordinating Center that provides the necessary infra-
tructure to conduct multiple collaborative trials (Fig. 1).
ites and investigators are listed in the Appendix.

Hypertonic Resuscitation Following Traumatic Injury is
he first intervention trial from the ROC. This trial studies
he impact of initial hypertonic resuscitation on outcomes
fter life-threatening trauma in two populations: those
ith hypovolemic shock and those with severe traumatic
rain injury (TBI) compared with usual care (normal sa-

ine). The trial design employs the same infrastructure and
ntervention (prehospital hypertonic fluids) in the two pa-
ient cohorts. In addition, the study will also evaluate the
isks and benefits of dextran as an adjunct to HS as an
nitial resuscitation strategy.

Design and implementation of this trial have presented
nique challenges in prehospital resuscitation research.
hese include defining the patient population of interest,

esuscitation Fluid
Fluid Outcomes

% NaCl/6% dextran-70 Improved SBP and overall survival
% NaCl/6% dextran-70 No difference in survival

% NaCl/6% dextran-70 Improved SBP and improved
survival for TBI patients

% NaCl/6% dextran-70 Improved SBP, trend toward
improved survival, decrease in
ARDS

% NaCl and 7.5%
aCl/6% dextran-70

Improved SBP, no difference in
survival

% NaCl and 7.5%
aCl/6% dextran-70

Improved survival versus predicted
MTOS

% NaCl and 7.5%
aCl/6% dextran-70

Improved survival versus predicted
MTOS and for patients with TBI

% NaCl/6% dextran-70 Improved survival for patients with
SBP � 70 mmHg

% NaCl/LR No difference in 6 mo neurologic
outcome, trend toward improved
survival in hypertonic group

% NaCl/6% dextran-70 Improved ARDS-free survival in
patients receiving � 10 U PRBCs
nic R

7.5
7.5

7.5

7.5

7.5
N

7.5
N

7.5
N

7.5

7.5

7.5
ed red blood cells; SBP, systolic blood pressure; TBI, traumatic brain injury.
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222 Brasel et al Hypertonic Resuscitation J Am Coll Surg
raining prehospital personnel, collaboration and interac-
ions with US and Canadian funding and regulatory agen-
ies, and conducting community consultation and notifi-
ation for exception from informed consent. This article
escribes the study design, development, and implementa-
ion for this project and provides insight for investigators
nterested in conducting studies of this nature and provid-
rs treating these injured patients.

tudy design
he hypertonic saline and dextran studies are randomized,
ouble-blind, three-arm controlled trials designed to eval-
ate clinical outcomes of two subpopulations of trauma
atients: those with hypovolemic shock and those with
evere TBI, as defined by clinical criteria described here.

Trials will randomize patients to a single 250-mL dose of
.5% HSD, 7.5% HS, or normal saline (0.9%) as the
nitial fluid for prehospital resuscitation. The randomiza-
ion scheme will be 1:1:�2 to optimize power to test hy-
otheses of HSD or HS versus a common control, normal
aline.21 The study is powered at 80% to find at least 1
ubstantial difference between HS and control or HSD and
ontrol and not powered at 80% to find a single active
reatment arm different from the common control or pow-
red to find a difference between HS and HSD. It is most
fficient to have a higher percentage of sample size in the
ontrol arm compared with active treatment arms, and the
ptimal ratio is 1:1:�2.

Study fluid will be administered by the prehospital per-
onnel as the initial fluid given to eligible patients. Previous
nimal studies have suggested that hypertonic fluids are

Figure 1. Schematic of trial intervention and ou
GOSE, Glasgow Outcomes Score Extended; HS, 7
multiple organ failure syndrome; TBI, traumatic br
ost effective if given at the time of reperfusion.17-19 To T
ccount for patients in remote areas who might not receive
mmediate prehospital care, a 4-hour window from the
ime of injury to fluid administration is allowed. After
apid administration of study fluid through a peripheral IV
ine, all clinical care will proceed as usual. This includes
ngoing resuscitation by prehospital personnel with addi-
ional crystalloid per existing local protocols and subse-
uent hospital care. At no point during initial or subse-
uent treatment is standard care withheld. The study
esign is illustrated in Figure 1.

evelopment of inclusion criteria
ypovolemic shock was initially defined by the ROC in-

estigators using the conventional definition, easily deter-
ined by prehospital personnel, of a systolic blood pressure
90 mmHg. This definition was modified based on re-

ults of a phase II trial completed by Bulger and col-
eagues.12 The Bulger and colleagues’ trial had enrolled 209
atients comparing HSD with Lactated Ringer’s adminis-
ered as the first prehospital resuscitation fluid to patients
ith a prehospital systolic blood pressure of � 90 mmHg.
rimary outcomes included 28-day ARDS-free survival for
atients receiving HSD compared with Lactated Ringer’s.
he study was stopped for futility and found no overall
enefit in 28-day ARDS-free survival or 28-day survival, a
econdary end point in this trial. A planned subgroup anal-
sis of patients requiring massive transfusion, defined as

10 U packed red blood cells in the first 24 hours after
njury, demonstrated improved ARDS-free survival with

SD resuscitation. The hazards ratio for 28-day ARDS-
ree survival in this group was 2.18 (95% CI, 1.09 to 4.36).

es assessments. DRS, Disability Rating Score;
aline; HSD, 7.5% saline in 6% dextran-70; MOFS,
jury.
tcom
.5% s
his is consistent with analyses of earlier phase II trials of
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ypertonic resuscitation, which suggest that patients re-
uiring emergent operative control of hemorrhage have the
reatest benefit.6 Review of the prehospital vital signs for
atients stratified by the amount of packed red blood cell
ransfusion indicated that changing the inclusion criteria
rom all patients with a systolic blood pressure (SBP) � 90
mHg to those with an SBP � 70 mmHg alone or those
ith an SBP 71 to 90 mmHg and a heart rate � 108 beats
er minute would better identify patients truly in hemor-
hagic shock, using need for massive transfusion as a surro-
ate for hemorrhagic shock. This change in the definition
f shock required for study inclusion reduced the antici-
ated rate of patient enrollment by 25% but decreases en-
ollment of mildly injured patients who are less likely to
enefit from the intervention.
The TBI subpopulation of the trial will enroll patients

ith a prehospital Glasgow Coma Score (GCS) � 8. An
arlier metaanalysis of patients receiving HSD after severe
BI prehospital demonstrated a twofold improvement in

urvival.22 A recently completed trial focused on the impact
f resuscitation with 7.5% saline (without dextran) on neu-
ologic outcomes in patients with a prehospital GCS � 9
nd SBP � 100 mmHg.11 This trial was limited by a small
ample size of 229 and a higher than expected mortality of
1% at 6 months. Nonetheless, there was a trend toward
mproved survival at 6 months in the hypertonic group
odds ratio � 1.17; 95% CI, 0.9 to 1.5; p � 0.23). Rela-
ively high survival to 6 months is necessary to assess dif-
erences in 6-month neurologic function as 1 of the pri-
ary outcomes. This suggests that inclusion of patients
ith TBI alone, without shock, is necessary for evaluation
f 6-month outcomes. We opted to include all patients
ith a GCS � 8, independent of blood pressure for the
BI cohort. Patients meeting both the prehospital TBI and

hock criteria will be analyzed in the shock cohort. Inclu-
ion and exclusion criteria are listed in Table 2.

tudy outcomes measures
rimary outcome measure for the hypovolemic shock co-
ort is 28-day survival. Because of the potential immuno-
odulatory effects of hypertonic saline, secondary out-

omes in the hypovolemic shock cohort include
hysiologic parameters of organ dysfunction, ARDS crite-
ia met in the first 28 days after injury, Multiple Organ
ysfunction Score,23 and presence of nosocomial infec-

ion. Standard definitions have been established for each of
hese end points. Because there is potential for hypertonic
aline to lessen the amount of fluid administered, total fluid
equirement in the first 24 hours after injury is also one of
he secondary outcomes. Measures of resource use, includ-
ng number of ventilator-free days alive in the first 28 days,

umber of days discharged from the hospital in the first 28 S
ays, and number of days alive outside of the ICU are also
econdary outcomes.

For the TBI cohort, primary outcome measures are neu-
ologic outcomes, assessed by phone using the Glasgow
utcomes Score Extended (GOSE) at 6 months after in-

ury.24 The GOSE distinguishes between levels of disability,
articularly in groups with severe disability ranging from 1
dead) to 8. Its use, both on discharge and at 6 months, has
een recommended by an NIH Consensus Conference
ddressing clinical trial design of interventions to im-
act outcomes from traumatic brain injury.25 To ensure
-month followup, payment for time necessary to com-
lete the survey instrument is being used. This, along
ith establishing a relationship between the patient and

tudy coordinator through ongoing postdischarge con-
act, has been successful in maximizing response rate in
rials using similar outcomes measures.26 Secondary out-
omes include 28-day survival, the Disability Rating
core at discharge and 6 months, and the GOSE at
ischarge. Both the GOSE and the Disability Rating

able 2. Inclusion and Exclusion Criteria
nclusion criteria

Hypovolemic shock cohort
Blunt or penetrating trauma
Prehospital SBP � 70 or
Prehospital SBP 71 �90 and HR � 108
Age 15 y or older or � 50 kg. When age is unknown in the

prehospital setting, those estimated to weigh � 50 kg will
be enrolled.

Traumatic brain injury cohort
Blunt trauma
Prehospital Glasgow Coma Scale � 8
Age 15 y or older or � 50 kg. When age is unknown in the

prehospital setting, those estimated to weigh � 50 kg will
be enrolled.

Prehospital SBP � 70 and HR � 108
xclusion criteria (both cohorts)
Known or suspected pregnancy
Age younger than 15 y or � 50 kg if age unknown
Ongoing prehospital cardiopulmonary resuscitation
Administration of � 2,000 mL crystalloid or any colloid or

blood products prior to enrollment
Severe hypothermia (suspected temperature � 28°C)
Drowning or asphyxia due to hanging
Burns TBSA � 20% in adults
Isolated penetrating injury to the head
Inability to obtain prehospital intravenous access
Time of call received at dispatch to study intervention � 4 h
Known prisoners

R, heart rate; SBP, systolic blood pressure; TBSA, total body surface area.
core are validated survey instruments that can be ad-



m
o

S
H
T
s
s
9
U
t
o
t
t
a
a
e
c
a
B
t

3
d
b
c
T
e
c
t
8
(
3
i
f
t

(
a
o
a
a

T
P
t
t
a
g
t
a
s
r
e
t

s
c
1
p
d
w
w
6
t
t
h

h
m
a
a
t
s
h
a
a
a
i
f

a
p
d
t
T

T

S

A
D
I
M
O
P
P
S
S
T
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inistered by phone and answered either by the patient
r by proxy.24,27

ample size
ypovolemic shock cohort
his study’s sample size calculation was based on the

tudy by Bulger and colleagues,12 which did not find a
ubstantial overall improvement in survival but found a
% difference in survival in patients requiring at least 10
packed red blood cells. A monotonic relationship be-

ween effect of treatment on survival rates and amount
f blood transfused was assumed. Sample size calcula-
ion was determined by expecting a 10% difference in
hose who received at least 10 U packed red blood cells,
5% difference in participants who received between 1

nd 10 U packed red blood cells, and no survival differ-
nce in those who did not receive any packed red blood
ells. This yielded a 4.8% overall difference in survival
ssuming 35%, 35%, and 30% (approximated from
ulger and colleagues’ study) of the total study popula-

ion being within each transfusion group.12

This study is a 1-sided trial for superiority, involving
arms, and the traditional significance level of 0.025 is
ivided by 2. The most efficient randomization distri-
ution for testing differences between 2 treatments to a
ommon control is 1:1:�2 and was used in this study.21

he study was powered to detect a 4.8% overall differ-
nce in survival (from 64.6% to 69.4%) between the
ontrol group, normal saline, and at least 1 of the 2
reatment groups, HS or HSD, with an overall power of
0% (62.6% power for an individual agent) and 6 looks
5 interim looks). Based on these calculations, a total of
,726 patients is required (DeMets and Lan’s � spend-
ng function with O’Brien and Fleming’s type boundary
or superiority),28,29 with 1,092 patients in each hyper-

able 3. Estimated Annual Enrollment by Site

ite

Estimated annual enrollment
Hypovolemic

shock
Traumatic
brain injury

labama 70 89
allas 165 174

owa 75 124
ilwaukee 179 178
ttawa/Vancouver 130 190
ittsburgh 203 165
ortland 59 153
an Diego 179 288
eattle 158 250
oronto 62 83
onic saline arm and 1,542 patients in the control arm f
normal saline). Feasibility of this study was assessed using
nticipated enrollment from each ROC site (Table 3). Based
n an estimated total annual enrollment of 1,280 patients, the
nticipated length of this trial with this sample size will be
pproximately 3.5 years.

BI cohort
rimary outcomes for TBI patients include neurologic func-
ion at 6 months after injury based on the GOSE obtained by
elephone survey. For the purpose of estimating the power to
ssess neurologic outcomes, we dichotomized the GOSE into
ood versus poor outcomes. Good outcomes correspond
o either moderate disability or good recovery (GOSE � 4),
nd poor outcomes correspond to dead, vegetative state, or
evere disability (GOSE � 4). We consider a 15% relative
eduction in prevalence of poor outcomes to be clinically rel-
vant. Review of the literature suggests that 40% to 57% of
his population will have poor outcomes.30,31

After a similar sample calculation as for the hypovolemic
hock cohort, estimating a 49% incidence of poor out-
omes, and assuming that hypertonic fluids offer a relative
5% reduction (an absolute reduction of 7.5%) in risk of
oor outcomes, 1,688 patients are required to detect this
ifference, with an overall power of 80% (1-sided, study-
ide � � 0.025, DeMets and Lan’s � spending function
ith O’Brien and Fleming’s type boundary for superiority,
2.6% power for an individual agent, and 3 looks [2 in-
erim looks]). Using the most efficient randomization dis-
ribution of 1:1:�2, there will be 494 patients in each
ypertonic saline group and 699 control patients.
Based on a previous trial that used GCS � 8 as a pre-

ospital enrollment criterion, we anticipate that approxi-
ately 10% of the patients enrolled in the TBI cohort will

ctually have a less severe injury and have other reasons for
ltered mental status, such as alcohol or drug intoxica-
ion.32 To account for uninjured patients in the analysis, the
ample size was adjusted to 2,122 patients. Similar to the
ypovolemic shock cohort, feasibility was assessed based on
nticipated enrollment from each ROC site (Table 3). The
nticipated length of this trial with this sample size will be
pproximately 1.5 years for study enrollment and approx-
mately 2 years to collect primary outcomes at 6 months of
ollowup.

In addition to this dichotomized end point, a second-
ry analysis will examine incremental differences in the
oint scale for the GOSE and Disability Rating Score to
etect a potential for a greater impact of this resuscita-
ion strategy on the more severely injured TBI patients.
he analysis plan for missing data is described in the
ollowing text.
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equential monitoring plan
here will be interim analyses after every 621 shock partic-

pants and 707 TBI participants enrolled, approximately
very 6 months until study completion. The study is pow-
red to detect a difference between at least one of the hy-
ertonic solutions, HS or HSD, and the common control,
ormal saline, as outlined previously. This is because the
ypertonic solutions would also be advantageous because
f their potential to reduce the total fluids needed for re-
uscitation, even if clinical outcomes are equivalent. We
ave also implemented a definition for noninferiority as
he lower 1-sided 90% confidence bound for an observed
ifference between treatment and control rates of � �3%.
he futility boundary was chosen to stop the study early for
oninferiority and not for superiority. At the last look of
he study, if it was not stopped previously, the results can be
etermined superior, noninferior, or inferior. Figure 2 dis-
lays the corresponding superiority and futility boundaries
or the given sample size and holding the overall � level at

Figure 2. Boundaries for stopping each trial at pre
over another or for futility, the inability to determ
traumatic brain injury.
.025. m
nalysis plan
he primary analysis of the primary end point in both

tudies will be by intention to treat using logistic regression
valuating differences between the three treatment arms
hile adjusting for site as a categorical factor. Secondary

nalysis of the primary end point will additionally adjust
or baseline factors, including age, gender, prehospital GCS,
nd Revised Trauma Score, and will evaluate an interaction
etween GCS (or Revised Trauma Score) and treatment arm.

lan for missing data
very attempt will be made to obtain all followup informa-
ion. This will include developing relationships with the
amily, contact with the patient and family during the pe-
iod after discharge, and review of the Social Security
eath Index. When outcomes remain missing for the pri-
ary analyses, they will be assigned values as a modified

est case for the control arm and modified worst case for
he active treatment arms. Observed deaths within 6

mined interim analyses for superiority of one fluid
hether one fluid is not inferior to another. TBI,
deter
ine w
onths after injury will be given a 6-month GOSE score of
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. The modified worst case will assign for the missing out-
omes data a 6-month GOSE value as the last observed
OSE score minus 1. The modified best case will assign
issing outcomes data a 6-month GOSE value of the last

bserved GOSE score plus 1. This approach was chosen to
e statistically conservative for the treatment arm, yet still
ccount for the fact that neurologic status at discharge is
ighly correlated with neurologic status at 6 months. We
nticipate that patients who have “good outcomes” at dis-
harge will tend to improve and not get worse, and those
ho have “poor outcomes” tend to stay with the same

tatus or worsen.26 Sensitivity analyses will consider modi-
ied worst case for missing outcomes in all treatment arms,
modified best case for missing outcomes in all treatment
rms, and by using multiple imputation methods.33-35 The
tandard best case for the controls and worst case for active
reatment arms was not used, because it was assumed to
e overly conservative because it is recognized that it will be
ost difficult to obtain outcomes on the healthiest study

articipants.

tudy fluid and randomization
he study fluids were purchased commercially from Bio-
hausia Inc. This company currently manufactures HSD
nd markets it in Europe as RescueFlow. Fluid was pro-
ided in IV bags identical in size, volume, and weight suit-
ble for blinding and shipped to a single distribution center
here they were labeled and blinded. A randomly gener-

ted numeric code was applied to each bag and a random-
zation list kept by the Data Coordinating Center. The
helf life of the study fluids is 2 years. Site distribution plans
ncluded blocking by either geographic or agency groups to

aintain balance within treatment arms.

ecruitment and informed consent
S sites
his study qualifies for the “Exception from informed con-

ent required for emergency research” outlined in FDA
egulation 21CFR50.24. Specifics of this regulation in-
lude subjects in a life-threatening situation, inability to
ive informed consent because of their medical condition,
n intervention that must be administered before consent
rom a legally authorized representative (LAR) is feasible,
nability to prospectively identify individuals likely to be-
ome eligible for participation in the trial, prospect of di-
ect benefit to enrolled subjects, inability to conduct the
nvestigation without the waiver, and ongoing attempts to
ontact the LAR. The elements required under exception
rom informed consent research include both community
onsultation and community notification or disclosure.
ach Regional Clinical Centers in the United States devel-

ped a plan for community consultation. N
Once the patient or LAR arrives at the hospital and acute
edical issues have stabilized, he is approached by the re-

earch coordinator. Discussion of the study and consent
or ongoing participation occur as soon as the patient or
AR is able to participate in an informed consent dis-
ussion. If the patient or LAR refuses consent at this
oint, only baseline demographic and safety data are
sed.

anadian sites
nclusion of patients in this study will be done with waiver
f consent and option to withdraw at any time included in
he notification sent to both patient and family. Justifica-
ion to forego informed consent has been provided accord-
ng to all criteria set forth by the Tri-Council Agreement for
esearch in emergency health situations (Article 2.8).36

ach of the ROC Canadian sites has in place notification
rocesses according to hospital Research Ethics Board stan-
ards and local requirements.

egulatory requirements
IH Protocol Review Committee and Data Safety
onitoring Board
n independent Protocol Review Committee of experts
as appointed by the NIH to review all ROC protocols for

cientific merit. In addition, a second independent group
as established to serve as the Data Safety Monitoring
oard to protect the safety of participants and to assure the

ntegrity of research conducted by these trials sponsored by
he National Heart, Lung and Blood Institute. Each pro-
ocol follows a specific review and approval process. After
he ROC Steering Committee approves the final version of
he protocol, it must be approved by the National Heart,
ung and Blood Institute, and then it is sent to the Protocol
eview Committee, which reviews it based on scientific
erit and feasibility. After the Protocol Review Committee

pproval, the protocol is submitted to the Data Safety
onitoring Board for a safety review. Each step took ap-

roximately 2 months to complete. The Data Safety Mon-
toring Board approval and local IRB approval are required
efore recruitment can be initiated. The regulatory ap-
roval process will be described here.

DA
s the study is using a non-FDA�approved fluid, an In-
estigational New Drug application was submitted and re-
iewed by the FDA Center for Biologics Evaluation and
esearch and Office of Blood Research and Review. The
DA also reviewed the plan for community notification
nd consultation proposed by each US site relative to CFR
0.24. The entire FDA review process for Investigational

ew Drug approval required 11 months (Fig. 3).
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This delay was largely a result of concerns related to
dministration of dextran and the possibility of anaphy-
axis. Based on the data from over 900 trauma patients
nrolled in clinical trials receiving HSD, � 20,000 patients
eceiving RescueFlow in clinical use, and no reports of
extran-related anaphylaxis (data from Biophausia, Inc,
005), risk of anaphylaxis from dextran was believed to be
emote.37-39 On review of these data, the FDA agreed that
readministration of hapten to decrease risk of anaphylaxis
as not necessary for this protocol.

ealth Canada approval
similar Investigational New Drug process (Clinical Trial
greement) was required for use of HS and HSD in the
anadian sites. Health Canada reviewed the initial proto-

ol and manufacturing information and granted approval
ithin 30 days, with no modifications required.

ocal IRB/Research Ethics Boards review
total of 27 local IRBs (US) and 21 Research Ethics

oards (Canada) reviewed and approved this protocol. In
he US, this approval included oversight of the community
onsultation and notification plans. These included town
eetings, focus groups, random-digit dialing surveys, print

nd electronic media, and use of opt-out bracelets in some
ites for patients not wishing to participate in the studies.
or many boards, this protocol was the first experience with
xception from informed consent research. Areas of great-
st discussion included the best way to ensure adequate
ommunity involvement and representation, whether the

Figure 3. Timeline of start of protocol to first
rocess should differ for children aged 15 to 17 years, s
ppropriate ways to allow nonparticipation in the trials,
hen consent for ongoing participation should occur,

nd whether safety data could be collected from patients
ho declined additional participation. Boards at all sites
ere willing to discuss issues with the investigators, and
o site declined participation because of regulatory or
onsent issues.

ederal Wide Assurance
ll participating EMS agencies required and received a
ederal Wide Assurance granted by the Office for Human
esearch Protections, US Department of Human Health
nd Services.

MS training
ach ROC site trained EMS providers on the HSD proto-
ol implementation. To standardize training of field pro-
iders, a comprehensive “unified” slide presentation was
reated with input from all sites. The presentation was used
n conjunction with additional instruction on enrollment,
dministration of fluids, and patient care for EMS agencies
arrying study fluid at each site. Because of the large vari-
bility in structure, organization, and number of EMS
gencies participating in ROC, a variety of methods were
sed to deliver training among the sites, including in-
erson didactic lectures, video viewing, virtual classrooms,
nd Web-based training. In total, there were 89 EMS agen-
ies and approximately 7,000 providers trained for this

nt enrollment (July 2004�December 2006).
tudy.
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tandardization of care
rehospital care
he variability in care given among EMS systems because
f different local standards and practices led to difficulties
n standardizing care in the prehospital setting. The ROC
as formed to conduct effectiveness trials with a large
umber of participating EMS agencies, each with its own
rehospital protocols for patient care. If prehospital care
as standardized, we would lose one of the main advan-

ages of ROC studies, which is generalizability, ie, that the
tudy treatment is effective or not effective for hypotensive
nd TBI trauma patients in North America. In view of
hese realities, the ROC has not, and likely could not, man-
ate use of a uniform specific prehospital clinical care reg-

men(s) for the trial. The ROC investigators are collecting
etailed prehospital data to understand the extent of care
ariability and determine whether this is a potential con-
ounding variable among the different study sites. The in-
ependent randomized study design will balance treatment
ssignment within site, agencies, and confounding vari-
bles, minimizing the potential magnitude of confounding
reatment effect.

n-hospital care
here are 32 hospitals at the 10 ROC sites participating in

hese trials, ranging from 1 to 9 per site. In an effort to
inimize variability in the hospital-based care that could

otentially affect outcomes, all sites agreed to encourage
he implementation of resuscitation and critical care man-
gement guidelines among hospital providers caring for
tudy patients. Guidelines for resuscitation, transfusion,
lucose control, sedation, mechanical ventilation, throm-
oembolic prophylaxis, and diagnosis and treatment of
entilator-associated pneumonia were adapted from the
rotocols developed by the NIH-funded multicenter Glue
rant, which studied a similar population of trauma pa-
ients. Guidelines can be found on the Glue grant Web
ite.36 The guideline for management of severe TBI was
eveloped by investigators based on guidelines of the Brain
rauma Foundation.37 Although mandating adherence to
linical guidelines for the care of injured patients was not
ealistic with such a large number of hospitals and regions,
ites agreed to contact all hospitals to be sure they either
ollowed the recommended guidelines or had other similar
uidelines in place. In-hospital variables were integrated to
he data forms to track compliance with guidelines. For
ites with multiple hospitals receiving enrolled patients, an
nvestigator for each site was identified to facilitate compli-
nce with these guidelines and adverse event and serum
odium monitoring. In addition, a study coordinator or
nvestigator is on call 24 hours a day, 7 days a week. These

ersonnel will assess clinical status daily for the first 5 days a
f a patient’s ICU admission and every other day until the
atient is discharged from the ICU.

otential risks and serious adverse event reporting
odium monitoring is an important part of the protocol for
number of reasons. One relates to the need to ascertain

he safety of prehospital HS/HSD use. The other reflects
he severity of TBI and related diabetes insipidus, which
s typically observed 2 to 4 days after the trauma. Mon-
toring of serum sodium is being done for all patients
dmitted to the emergency department and then to ICU
very 8 hours for the first 24 hours. If patients require
annitol or additional nonstudy hypertonic saline for
anagement of intracranial (IC) hypertension, they will

ave serum sodium measurements obtained every 6
ours for the duration of therapy (up to 5 days of treat-
ent after injury). All sodium levels � 160 mEq/L will

e reported as a serious adverse event to the coordinating
enter.

Increased IC bleeding because of increased systolic
lood pressure, rebound increase in IC pressure, or coagu-

opathy associated with HS or HSD administration is also
theoretical risk of this therapy, which will be difficult to

valuate as the initial CT scan of the head will be obtained
fter the fluid has been administered.38,39 All patients with
C hemorrhage are followed by serial CT scans of the head,
nd the results of these scans, as reported by hospital neu-
oradiologists, will be tracked by the research coordinator.
vidence of increased IC hemorrhage will be reported as a
erious adverse event.

iscussion of impact
he first enrollment began at the first sites in May 2006

Fig. 3). Enrollment was suspended for several months be-
ause of FDA concerns about adequate monitoring of se-
um sodium, which have been addressed. All sites are cur-
ently enrolling, although enrollment is not yet at expected
evels, as not all agencies within each site are participating
n full. Approximately 400 patients have been enrolled so
ar. Results of the HS/HSD studies can impact the standard
f care for prehospital resuscitation that has been un-
hanged since development of crystalloid solutions over 30
ears ago. These studies also provide the opportunity to
ddress mechanistic hypotheses, with special emphasis on
hether alterations in the immunoinflammatory response,
hich appear promising in animal models, actually trans-

ate into reduced organ injury in trauma patients. One of
he major benefits and potential impacts relates to stan-
ardization of specific processes and procedures across a
ariety of EMS environments. These include unified ter-
inology, systematic prehospital data collection, system-
tic community notification, ascertainment of community



a
n
p

A
C
P
o

B
P

B

W

M

P

m
P
M
F
P
H

T
H

F
P
M

K

E
a
S
E
T
D
P
T
E

M
M
K
M
W

m
m
F
S
D
C
p

s
R

E

D
H
S
C
g
M
H
v
I

C
h

K
J

B
S

R
b
S
E
E
b
S
s
T
D
l
B

i
J

229Vol. 206, No. 2, February 2008 Brasel et al Hypertonic Resuscitation
cceptance of exception to written consent, and opportu-
ity to compare both local and regional resuscitative
ractices.

ppendix: Resuscitation Outcomes
onsortium investigators
lease go to the ROC Web site at www.uwctc.org and click
n “ROC” for additional acknowledgments.

Alabama Resuscitation Center, University of Alabama at
irmingham, Birmingham, AL, Jeffrey D Kerby, MD,
hD, Principal Investigator
Core Investigators: Thomas Terndrup, MD, Todd B

rown, MD, MSPH
Coordinators: Shannon W Stephens, EMT-P, Carolyn R
illiams, BSN, BSME
EMS Investigators/Collaborators: Joe E Acker, EMT-P,
PH, Michael L Minor
Hospital Investigators/Collaborators: Paul A MacLennan,

hD, Patrick R Pritchard, MD, Sandra Caldwell
Participating EMS agencies: Alabama LifeSaver, Besse-
er Fire and Rescue, Birmingham Fire and Rescue, Center

oint Fire District, Chelsea Fire and Rescue, American
edical Response, Homewood Fire Department, Pelham

ire Department, Rocky Ridge Fire Department, Regional
aramedic Services, Trussville Fire Department, Vestavia
ills Fire and Rescue

Dallas Center for Resuscitation Research, University of
exas Southwestern Medical Center, Dallas, TX, Ahamed

Idris, MD, Principal Investigator
Core Investigators: Fernando Benitez, MD, Raymond

owler, MD, Dorothy Lemecha, MD, Joseph Minei, MD,
aul Pepe, MD, Michael Ramsay, MD, Robert Simonson,
D, Jane Wigginton, MD
Coordinators: Dixie Climer, RN, Melinda Moffat, RN,

ate Newman, RN, Pamela Owens, Andrea Bennett, BS
EMS Investigators/Collaborators: Richard Black,

MTP, Debra Cason, RN, Billy Craft, EMTP, Lucy Det-
mble, RN, Ryan Dykes, EMTP, Tony Harvey, EMTP,
uzanne Hewitt, RN, Marshal Isaacs, MD, Joe Kay,
MTP, Tami Kayea, EMTP, Richard LaChance, EMTP,
homas Lehman, Paul Mayer, MD, Jeffrey Metzger, MD,
anny Miller, EMTP, Kenneth Navarro, EMTP, Steven

arker, EMTP, Karen Pickard, RN, Warren Porter, EMTP,
J Starling, EMTP, Tommy Tine, EMTP, Chris Vinson,
MTP
Hospital Investigators/Collaborators: David Abebefe,
D, Steven Arze, MD, Sean Black, MD, Matthew Bush,
D, Michael Forman, MD, Jeffery Goodloe, MD, Ralph
elly, DO, Gregory Lachar, MD, Alicia Mangram, MD,
arc Morales, MD, Edward Thornton, MD, Robert

iebe, MD M
Participating EMS agencies: Carrollton Fire Depart-
ent, Dallas Fire Dispatch Center, DeSoto Fire Depart-
ent, Duncanville Fire Department, Garland Police and

ire Comunications, Highland Park Department of Public
afety, Irving Fire Communications Center, Lancaster Fire
epartment, Mesquite Communications Center, North
entral Texas Services, PHI Air Medical, Plano Fire De-
artment, University Park Fire Department

University of Iowa Carver College of Medicine-Iowa Re-
uscitation Network, University of Iowa, Iowa City, IA,
ichard Kerber, MD, Principal Investigator
Core Investigator: Steve Hata, MD, Dianne Atkins, MD
Coordinators: Catherine Rost, RN, Alexander Drum,

MT-P
Participating EMS agencies: Area Ambulance Service,
avenport Hospital Ambulance Corporation, Covenant
ealth System-Covenant Ambulance, Covenant Health

ystem-Mercy Oelwein, Covenant Health System-Sartori,
ity of Dubuque Fire Department, Dallas County Emer-
ency Medical Services, West Des Moines Emergency
edical Services, Des Moines Fire Department EMS,
enry County Health Center Emergency Medical Ser-

ices, Johnson County Ambulance, Siouxland Paramedics,
nc

Milwaukee Resuscitation Research Center, Medical
ollege of Wisconsin, Milwaukee, WI, Tom P Aufder-
eide, MD, Principal Investigator
Core Investigators: Ronald G Pirrallo, MD, MHSA,

aren J Brasel, MD, MPH, Andrea L Winthrop, MD,
ohn P Klein, PhD

Coordinators: David J Kitscha, BS, MS, Barbara J Burja,
A, EMT, Chris von Briesen, BA, CCRC, Christopher W
parks, EMT

EMS Investigators/Collaborators: John Chianelli, MS,
osemarie Forster, MSOLQ, RHIA, EMT-P, Michael Mil-
rath, EMT-P, Lauryl Pukansky, BS, RHIA, Kenneth
ternig, MS-EHS, BSN, EMT-P, Eugene Chin, RN,
MT-P, Nancy Frieberg, RN, EMT-P, Kim Krueger, RN,
MT-P, Del Szewczuga, RN, EMT-P, Thomas Duerr, Re-
ecca Funk, BS, RHIA, EMT-B, Gail Jacobsen, BS, Janis
pitzer, Richard Demien, James Martins, John Cohn, Rus-
ell R Spahn, MA, EMT-P, Mike Jankowski, BA, EMT-P,
imothy James, William E Wentlandt Jr, MBA, EFO,
avid Berousek, Brian M Satula, BA, NREMT, Jay B Beh-

ing, BS, EMT-B, Dean K Redman, BA, EFO, Steven Hook,
S, CFOD, Andrew Neargarder, Jim Singer, RN
Hospital Investigators/Collaborators: Thomas Rem-

nga, MD, Dennis Shepherd, MD, Peter Holzhauer, MD,
onathan Rubin, MD, Craig Skold, MD, Orlando Alvarez,
D, Heidi Harkins, MD, Edward Barthell, MD, William

http://www.uwctc.org
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aselow, MD, Albert Yee, MD, John Whitcomb, MD,
duardo E Castro, MD, Steven Motarjeme, MD
Participating EMS agencies: Cudahy Fire Department,

light for Life, Franklin Fire Department, Greendale Fire
epartment, Greenfield Fire Department, Hales Corners

ire Department, Milwaukee County Airport Fire Depart-
ent, Milwaukee Fire Department, North Shore Fire De-

artment, Oak Creek Fire Department, South Milwaukee
ire Department, St Francis Fire Department, Wauwatosa
ire Department, West Allis Fire Department

Ottawa/OPALS/British Columbia Regional Clinical
enters, Ottawa Health Research Institute, University of
ttawa, Ontario, and St Paul’s Hospital, University of
ritish Columbia, British Columbia, Canada, Ian Stiell,
D, Principal Investigator
Core Investigators: Jim Christenson, MD, Martin Os-
ond, MD, Morad Hameed, MD
Coordinators: Cathy Clement, RN, Jane Banek,

CHRA, Patrick Lefaivre, A-EMCA, BSc, Angela Mar-
antonio, Barb Boychuk, RN, Sarah Pennington, RN

EMS Investigators/Collaborators: Matthew Stempien,
D, Jonathan Dreyer, MD, Douglas Munkley, MD, Jus-

in Maloney, MD, Paul Colella, MD, Andrew Affleck,
D, David Waldbillig, MD, Paul Bradford, MD, Ann
ilson, BSc, ACP, Kenneth Boyle, EMCA, RRT, CMA,

orraine Luinstra-Toohey, BScN, MHA, John Trickett,
ScN, Nicole Sykes, BScN, RN, Elaine Graham, ACP,
ieran Ballah, EMCA, Cathy Hedges, A-EMCA, ACP,
ug Andrusiek, PCP, Dan Bishop, ACP, Ron Straight,
CP, Brian Twaites, ACP, Stuart Donn, PhD
Participating EMS agencies: Niagara Emergency Medi-

al Services, Ottawa Paramedic Service, Sudbury Emer-
ency Medical Services, Thames Emergency Medical Ser-
ices, Superior North Emergency Medical Services, Halton
mergency Medical Services, Prescott-Russell Emergency
edical Services, Frontenac Paramedic Service, Waterloo Re-

ional Emergency Medical Services, AA and M Volunteer
mbulance Service, Harrow Ambulance Service Ltd,
unParlour Emergency Services Inc, Essex-Windsor Emer-
ency Medical Services, British Columbia Ambulance Service

Pittsburgh Resuscitation Network, the University of
ittsburgh, Pittsburgh, PA, Clifton Callaway, MD, PhD,
rincipal Investigator
Core Investigators: Samuel Tisherman, MD, Jon Ritten-

erger, MD, David Hostler, PhD
Coordinators: Joseph Condle, Mitch Kampmeyer, Tim-

thy Markham, Maureen Morgan
EMS Investigators/Collaborators: Paul Sabol, Gina Sic-

hitano, Scott Sherry, Anthony Shrader, Greg Stull, Man-

el Torres, MS, William Groft, Robert McCaughan, Rod-
ey Rohrer, John Cole, MD, David Fuchs, MD, Francis
uyette, MD, MS, William Jenkins, MD, Ronald Roth,
D, Heather Walker, MD
Hospital Investigators: Alain Corcos, MD, Ankur
oshi, MD, Adrian Ong, MD, Andrew Peitzman, MD
Participating EMS agencies: Ambulance and Chair, City

f Pittsburgh Emergency Medical Services, City of Pitts-
urgh Fire, Mutual Aid, STAT Medevac

Portland Resuscitation Outcomes Consortium, Oregon
ealth and Science University, Portland, OR, Jerris R
edges, MD, MS, Principal Investigator
Core Investigators: Craig D Newgard, MD, MPH, Mo-

amud R Daya, MD, MS, Robert A Lowe, MD, MPH
Coordinators: Denise Griffiths, BS, John Brett, EMT-P,
ana Zive, MPH, Abdolaziz Yekrang, MPA, MA, Aaron
onnig, EMT-P
EMS Investigators/Collaborators: Jonathan Jui, MD,
PH, Terri A Schmidt, MD, MS, Ritu Sahni, MD, Craig
Warden, MD, MPH, Marc D Muhr, EMT-P2, John A

touffer, EMT-P, Pontine Rosteck, EMT-P, Karl Koenig,
MT-P, Jan Lee, EMT-P, Roxy Barnes, EMT-P, Heather
ucker, EMT-P, Brad Allen, EMT-P, TJ Bishop, EMT-P,
dam Glaser, EMT-P
Hospital Investigators/Coordinators: Martin A Schre-

ber, MD, Jim Anderson, MD, Ameen I Ramzy, MD,
Dean Gubler, DO, Lynn K Wittwer, MD, Samantha

nderwood, MS, Brooke Barone, BS, Denise Haun-
aylor, RN, Elizabeth Bryant, RN, Joanne Miller, ARNP
Participating EMS agencies: American Medical

esponse-Clackamas, Clark, and Multnomah Counties,
amas Fire Department, Clackamas County Fire District
o. 1, Clark County Fire District no. 6, Lake Oswego Fire
epartment, LifeFlight, MetroWest Ambulance, North
ountry Ambulance, Tualatin Valley Fire and Rescue, Van-

ouver Fire Department, Portland Fire and Rescue, Port-
and International Airport Fire Department, Gresham Fire
nd Emergency Services

UCSD-San Diego Resuscitation Research Center, Uni-
ersity of California at San Diego, San Diego, CA, Daniel
avis, MD, Principal Investigator
Core Investigators: David Hoyt, MD, Raul Coimbra,
D, PhD, Gary Vilke, MD
Coordinators: Donna Kelly, RN, Lana McCallum-

rown, RN
EMS Investigators/Collaborators: Bruce Haynes, MD,

rad Schwartz, MD
Hospital Investigators: Michael Size, MD, Frank

ennedy, MD, Fred Simon, MD, Gail Tominaga, MD,
om Velky, MD

Participating EMS agencies: Alpine Fire Protection Dis-
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rict, American Medical Response, Barona Fire Depart-
ent, Bonita/Sunnyside Fire Protection, Borrego Springs

ire Protection District, Carlsbad Fire Department, Coro-
ado Fire Department, CSA-17 ALS Transporting Agency,
eer Springs, Del Mar Fire Department, East County Fire

rotection District, El Cajon Fire Department, Encinitas
ire Protection District, Escondido Fire Department, Fed-
ral Fire Department San Diego, Imperial Beach Fire De-
artment, Julian-Cuyamaca Fire Department, La Mesa
ire Department, Lakeside Fire Protection District, Lemon
rove Fire Department, Mercy Air, Miramar Fire Depart-
ent, National City Fire Department, North County Fire,
ceanside Fire Department, Pala Fire Department, Poway

ire Department, Ramona Fire Department, Rancho Santa
e Fire Protection District, San Marcos Fire Department,
an Miguel Fire Protection District, Santee Fire Depart-
ent, Solana Beach Fire Department, Sycuan Fire Depart-
ent, Valley Center/Mercy Ambulance, Viejas Fire De-

artment, Vista Fire Department

Seattle-King County Center for Resuscitation Research
t the University of Washington, University of Washing-
on, Seattle, WA, Peter J Kudenchuk, MD, Principal
nvestigator

Core Investigators: Eileen Bulger, MD, Michael Copass,
D, Mickey S Eisenberg, MD, Tom D Rea, MD
Coordinator: Jeanne O’Brien, RN, MN
EMS Investigators/Collaborators: Jonathan Larsen,
ike Helbock
Participating EMS agencies: Airlift Northwest, Bellevue

ire Department, Redmond Fire Dept, Seattle Fire Depart-
ent, Shoreline Fire Department, King Co Medic 1, Vas-

on Island Medic One

Toronto Regional Resuscitation Research out of hospital
etwork (Toronto Regional RESCUeNET), University of
oronto, Toronto, Ontario, Canada, Arthur Slutsky, MD,
rincipal Investigator
Core Investigators: Laurie Morrison, MD, MSc, Paul
orian, MD, PhD
Coordinators: Merita Simitciu, MD, Tyrone Perreira,

CP, MEd, Suzanne Chung, BFA, BEd
EMS Investigators and Collaborators: Russell Mac-
onald, MD, Alan Craig, MSc, Rick Verbeek, MD, Mich-

lle Welsford, MD, Tim Dodd, ACP, Steve Dewar, ACP,
amie Frank, ACP, Bruce Cameron, ACP, Jennifer Shield,
CP
Hospital Investigators and Collaborators: Sandro Rizoli,

hD, MD, Andrew Baker, MD, Niv Sne, MD, Karen
hoong, MD, Jamie Hutchison, MD, Julie Spence, MSc,

D, Boris Bojilov, MD, Marlene Santos, MD, Yangmei
i, PhD, Leslie Cicero, RN, Jennifer Watson, RN, Rose-
arie Farrell, RN
Participating Agencies: Orange, Toronto Emergency
edical Services, Hamilton Emergency Medical Services,

unnybrook Osler Center for Prehospital Care, Hamilton
ealth Sciences Paramedic Base Hospital Program

Steering Committee Chair, Myron Weisfeldt, MD,
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Sec. 50.24  Exception from informed consent requirements for emergency           
research. 

 
(a) The IRB responsible for the review, approval, and continuing review of the 

clinical investigation described in this section may approve that investigation 
without requiring that informed consent of all research subjects be obtained if 
the IRB (with the concurrence of a licensed physician who is a member of or 
consultant to the IRB and who is not otherwise participating in the clinical 
investigation) finds and documents each of the following: 

 
(1) The human subjects are in a life-threatening situation, available 

treatments are unproven or unsatisfactory, and the collection of valid 
scientific evidence, which may include evidence obtained through 
randomized placebo-controlled investigations, is necessary to determine 
the safety and effectiveness of particular interventions. 

 
(2) Obtaining informed consent is not feasible because: 

(i) The subjects will not be able to give their informed consent as a 
result of their medical condition; 

(ii) The intervention under investigation must be administered before 
consent from the subjects' legally authorized representatives is 
feasible; and 

(iii) There is no reasonable way to identify prospectively the individuals 
likely to become eligible for participation in the clinical investigation. 

 
(3) Participation in the research holds out the prospect of direct benefit to the 

subjects because: 
(i) Subjects are facing a life-threatening situation that necessitates 

intervention; 
(ii) Appropriate animal and other preclinical studies have been 

conducted, and the information derived from those studies and 
related evidence support the potential for the intervention to provide 
a direct benefit to the individual subjects; and 

(iii) Risks associated with the investigation are reasonable in relation to 
what is known about the medical condition of the potential class of 
subjects, the risks and benefits of standard therapy, if any, and 
what is known about the risks and benefits of the proposed 
intervention or activity. 

 
(4) The clinical investigation could not practicably be carried out without the 

waiver. 
 
(5) The proposed investigational plan defines the length of the potential 

therapeutic window based on scientific evidence, and the investigator has 
committed to attempting to contact a legally authorized representative for 
each subject within that window of time and, if feasible, to asking the 
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legally authorized representative contacted for consent within that window 
rather than proceeding without consent. The investigator will summarize 
efforts made to contact legally authorized representatives and make this 
information available to the IRB at the time of continuing review. 

 
(6) The IRB has reviewed and approved informed consent procedures and an 

informed consent document consistent with Sec. 50.25. These procedures 
and the informed consent document are to be used with subjects or their 
legally authorized representatives in situations where use of such 
procedures and documents is feasible. The IRB has reviewed and 
approved procedures and information to be used when providing an 
opportunity for a family member to object to a subject's participation in the 
clinical investigation consistent with paragraph (a)(7)(v) of this section. 

 
(7) Additional protections of the rights and welfare of the subjects will be 

provided, including, at least: 
(i) Consultation (including, where appropriate, consultation carried out 

by the IRB) with representatives of the communities in which the 
clinical investigation will be conducted and from which the subjects 
will be drawn; 

(ii) Public disclosure to the communities in which the clinical 
investigation will be conducted and from which the subjects will be 
drawn, prior to initiation of the clinical investigation, of plans for the 
investigation and its risks and expected benefits; 

(iii) Public disclosure of sufficient information following completion of 
the clinical investigation to apprise the community and researchers 
of the study, including the demographic characteristics of the 
research population, and its results; 

(iv) Establishment of an independent data monitoring committee to 
exercise oversight of the clinical investigation; and 

(v) If obtaining informed consent is not feasible and a legally 
authorized representative is not reasonably available, the 
investigator has committed, if feasible, to attempting to contact 
within the therapeutic window the subject's family member who is 
not a legally authorized representative, and asking whether he or 
she objects to the subject's participation in the clinical investigation. 
The investigator will summarize efforts made to contact family 
members and make this information available to the IRB at the time 
of continuing review. 

 
(b) The IRB is responsible for ensuring that procedures are in place to inform, at 

the earliest feasible opportunity, each subject, or if the subject remains 
incapacitated, a legally authorized representative of the subject, or if such a 
representative is not reasonably available, a family member, of the subject's 
inclusion in the clinical investigation, the details of the investigation and other 
information contained in the informed consent document. The IRB shall also 
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ensure that there is a procedure to inform the subject, or if the subject 
remains incapacitated, a legally authorized representative of the subject, or if 
such a representative is not reasonably available, a family member, that he or 
she may discontinue the subject's participation at any time without penalty or 
loss of benefits to which the subject is otherwise entitled. If a legally 
authorized representative or family member is told about the clinical 
investigation and the subject's condition improves, the subject is also to be 
informed as soon as feasible. If a subject is entered into a clinical 
investigation with waived consent and the subject dies before a legally 
authorized representative or family member can be contacted, information 
about the clinical investigation is to be provided to the subject's legally 
authorized representative or family member, if feasible. 

 
(c) The IRB determinations required by paragraph (a) of this section and the 

documentation required by paragraph (e) of this section are to be retained by 
the IRB for at least 3 years after completion of the clinical investigation, and 
the records shall be accessible for inspection and copying by FDA in 
accordance with Sec. 56.115(b) of this chapter. 

 
(d) Protocols involving an exception to the informed consent requirement under 

this section must be performed under a separate investigational new drug 
application (IND) or investigational device exemption (IDE) that clearly 
identifies such protocols as protocols that may include subjects who are 
unable to consent. The submission of those protocols in a separate IND/IDE 
is required even if an IND for the same drug product or an IDE for the same 
device already exists. Applications for investigations under this section may 
not be submitted as amendments under Secs. 312.30 or 812.35 of this 
chapter. 

 
(e) If an IRB determines that it cannot approve a clinical investigation because 

the investigation does not meet the criteria in the exception provided under 
paragraph (a) of this section or because of other relevant ethical concerns, 
the IRB must document its findings and provide these findings promptly in 
writing to the clinical investigator and to the sponsor of the clinical 
investigation. The sponsor of the clinical investigation must promptly disclose 
this information to FDA and to the sponsor's clinical investigators who are 
participating or are asked to participate in this or a substantially equivalent 
clinical investigation of the sponsor, and to other IRB's that have been, or are, 
asked to review this or a substantially equivalent investigation by that 
sponsor. 

 
[61 FR 51528, Oct. 2, 1996] 
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