
Intensive Care Med (2018) 44:2070–2078
https://doi.org/10.1007/s00134-018-5433-0

ORIGINAL

Restricted fluid resuscitation in suspected 
sepsis associated hypotension (REFRESH): a pilot 
randomised controlled trial
Stephen P. J. Macdonald1,2,3*, Gerben Keijzers4,5,6, David McD Taylor7,8, Frances Kinnear9, 
Glenn Arendts1,2,10, Daniel M. Fatovich1,2,3, Rinaldo Bellomo11, David McCutcheon1,2,3,12, John F. Fraser13, 
Juan‑Carlos Ascencio‑Lane14, Sally Burrows2, Edward Litton15, Amanda Harley4, Matthew Anstey16, 
Ashes Mukherjee12 and for the REFRESH trial investigators

© 2018 Springer-Verlag GmbH Germany, part of Springer Nature and ESICM

Abstract 

Purpose:  To determine if a regimen of restricted fluids and early vasopressor compared to usual care is feasible for 
initial resuscitation of hypotension due to suspected sepsis.

Methods:  A prospective, randomised, open-label, clinical trial of a restricted fluid resuscitation regimen in the 
first 6 h among patients in the emergency department (ED) with suspected sepsis and a systolic blood pressure 
under 100 mmHg, after minimum 1000 ml of IV fluid. Primary outcome was total fluid administered within 6 h post 
randomisation.

Results:  There were 99 participants (50 restricted volume and 49 usual care) in the intention-to-treat analysis. 
Median volume from presentation to 6 h in the restricted volume group was 2387 ml [first to third quartile (Q1–Q3) 
1750–2750 ml]; 30 ml/kg (Q1–Q3 32–39 ml/kg) vs. 3000 ml (Q1–Q3 2250–3900 ml); 43 ml/kg (Q1–Q3 35–50 ml/kg) 
in the usual care group (p < 0.001). Median duration of vasopressor support was 21 h (Q1–Q3 9–42 h) vs. 33 h (Q1–
Q3 15–50 h), (p = 0.13) in the restricted volume and usual care groups, respectively. At 90-days, 4 of 48 (8%) in the 
restricted volume group and 3 of 47 (6%) in the usual care group had died. Protocol deviations occurred in 6/50 (12%) 
in restricted group and 11/49 (22%) in the usual care group, and serious adverse events in four cases (8%) in each 
group.

Conclusions:  A regimen of restricted fluids and early vasopressor in ED patients with suspected sepsis and hypoten‑
sion appears feasible. Illness severity was moderate and mortality rates low. A future trial is necessary with recruitment 
of high-risk patients to determine effects on clinical outcomes in this setting.
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Introduction
Sepsis, defined as organ dysfunction due to infection 
[1], is commonly associated with hypotension due to 
a variable combination of peripheral vasodilatation, 
myocardial depression and fluid extravasation [2]. If 
severe, this can progress to septic shock, characterised 
by tissue hypoperfusion and harmful cellular and meta-
bolic consequences. International expert consensus 
guidelines from the Surviving Sepsis Campaign (SSC) 
recommend resuscitation with at least 30  ml/kg of 
intravenous (IV) isotonic crystalloid over the first 3 h in 
patients with septic shock [3].

Despite these recommendations, there is emerging 
evidence of harm associated with a positive fluid bal-
ance among critically ill patients [4–6]. A recently 
published experimental study in an ovine septic shock 
model found IV fluid resuscitation led to a paradoxical 
increase in subsequent vasopressor requirement, and 
was associated with increases in biomarkers of cardiac 
stress and endothelial glycocalyx shedding [7]. Semi-
nal clinical trials conducted in Africa found a higher 
mortality associated with larger volumes of IV fluid 
in septic shock resuscitation of adults and children [8, 
9]. Translating these results to other settings is prob-
lematic, and there is currently no high level evidence 
to guide initial volume resuscitation in sepsis in high-
income countries with ready availability of intensive 
care.

An alternative approach to restoring adequate blood 
pressure is the earlier introduction of a vasopressor infu-
sion [10, 11]. Typically, vasopressors are commenced 
after between 2 and 3  l of IV fluid has been adminis-
tered [12]; however earlier use may be considered ‘fluid-
sparing’ [13]. Historically the requirement for a central 
venous catheter (CVC) posed a potential barrier to vaso-
pressor use, but peripheral administration, at least ini-
tially, is increasingly accepted [14]. Whether a strategy 
of delivering a smaller volume of fluid with earlier intro-
duction of vasopressors in adults with suspected sepsis 
requiring resuscitation in high-income countries is feasi-
ble remains uncertain [15, 16].

The primary aim of this pilot trial was to investigate 
whether, among patients assessed in the emergency 
department (ED) as having sepsis with hypotension, a 
restricted IV fluid volume and early vasopressor resus-
citation protocol can achieve a clinically meaningful 
reduction in fluid volume compared to guideline-recom-
mended usual care [17]. The secondary aim was to use 
its findings to inform the design of a future randomised 
clinical trial with adequate power to determine the effect 
of a fluid-restricted resuscitation approach on patient-
centred outcomes. There is a growing rationale for such 
a trial [18].

Methods
The restricted fluid resuscitation in sepsis associated 
hypotension (REFRESH) trial was registered with the 
Australian and New Zealand Clinical Trials Registry 
(ACTRN12616000006448, 12 January 2016), and the full 
protocol has been previously published [19].

Design and setting
REFRESH was an investigator-initiated, multicen-
tre, prospective, randomised open-label clinical trial 
with blinded outcome adjudication. Participants were 
recruited in the ED of eight Australian hospitals (seven 
teaching, one urban general) between October 2016 and 
March 2018.

Participants
Participants were adult patients presenting to the ED 
with suspected infection requiring IV antibiotic therapy 
who, in addition, had hypotension—defined as a systolic 
blood pressure (SBP) < 100 mmHg, despite the IV admin-
istration of at least 1000  ml of isotonic crystalloid fluid 
over a period of not more than 1 h. This SBP cut off was 
revised from < 90 mmHg after enrolling six cases due to a 
slow rate of recruitment. The full inclusion and exclusion 
criteria are detailed in the Supplementary Appendix.

Ethics approval and consent
Human Research Ethics Committee approval was 
obtained for all sites, and consent was obtained from 
participants or next of kin. Further details of the consent 
process is outlined in the Supplementary Appendix.

Randomisation
Participants were randomly assigned in a 1:1 ratio to one 
of the two groups, stratified by site. Randomisation was 
performed in real time using permuted blocks via a dedi-
cated Web based service.

Trial interventions (Fig. 1)
The usual care treatment regimen was designed to reflect 
the current SSC recommendation of at least 30  ml/
kg in the first 3  h. A 1000  ml bolus of isotonic crystal-
loid was administered (in addition to fluids given before 
randomisation), with further boluses of 500  ml admin-
istered hourly as required at the discretion of the treat-
ing clinician based upon routine assessment of perfusion 
parameters. A vasopressor infusion was commenced if 
the blood pressure remained inadequate despite volume 
loading, titrated to a target mean arterial pressure (MAP) 
of 65–70 mmHg. Maintenance fluids could be prescribed 
as required.
In the restricted fluid group, a vasopressor infusion 
was commenced if required to maintain a MAP of 
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65–70  mmHg. Further IV fluid boluses of 250  ml of 
isotonic crystalloid could be administered each hour 
if required at clinician discretion based upon routine 
assessment of perfusion parameters. Up to 1000  ml of 
additional fluid boluses were permitted in the restricted 
arm as a safety measure (e.g., clinically judged severe 
tachycardia, oliguria, escalating vasopressor require-
ment, etc.). Maintenance fluids of not more than 2  ml/
kg/h could be prescribed if required.

The protocol ran for 6  h post randomisation. Beyond 
this time, further fluid management was determined by 
the treating team.

Standard treatment common to both arms
Aside from the fluid volumes, all management was as 
recommended in the SSC guidelines [3], including deci-
sions regarding source control procedures. Participants 
received broad spectrum antibiotics directed towards the 
suspected source within 1  h of randomisation. Use and 
timing of invasive monitoring, adjunctive haemodynamic 
support (e.g., vasopressin, dobutamine) ventilation sup-
port, blood products and renal replacement therapy were 
all at the discretion of the treating team. A recommen-
dation was made for use of balanced crystalloid solutions 
and use of synthetic colloid solutions was discouraged.

Outcomes
We report a range of outcomes including feasibility, 
process of care, and clinical measures. An embedded 
mechanistic study examining the effects on biomarkers of 
inflammation, endothelial activation and glycocalyx deg-
radation will be reported separately [19].

Feasibility and process of care
The primary feasibility outcome was the cumulative total 
IV fluid volume administered at 6 h post randomisation. 
Secondary outcomes were total fluids administered up to 
24 h, and the rates of use, time of commencement, dura-
tion and dosing, and route of administration of vasopres-
sor drugs. We also recorded the proportion of eligible 
participants enrolled, rates of recruitment at each site, 
randomisation errors, protocol deviations and adverse 
events.

Clinical
Clinical outcomes were requirement for organ support 
[ventilation, vasopressor/inotropes, renal-replacement 
therapy (RRT)], sequential organ failure assessment 
(SOFA) score, duration of vasopressor support, peak 
vasopressor dose, acute kidney injury network (AKIN) 
score, alive organ failure ‘free days’ to day 28, intensive 
care unit (ICU) and hospital length of stay, alive hospital 

Fig. 1  Summary of trial interventions. MAP mean arterial blood pressure, OP output, CVP central venous pressure
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‘free days’ to day 90, and 90-day all-cause mortality. A 
panel of investigators blinded to the group allocation 
and the fluid administration data adjudicated the clini-
cal outcomes. As a pilot trial, REFRESH was not designed 
to have power to detect differences in clinical outcomes. 
Therefore, we report only descriptive statistics for these.

Sample size calculation
We assumed a volume in the usual care arm of 
4200 ± 2650 ml within the first 6 h based upon the con-
trol group in the ARISE trial [20]. A sample size of 100 
was determined to have 90% power to detect a clinically 
meaningful and achievable reduction of at least 30% in 
the restricted fluid group (to 2940 ml) compared to usual 
care, with two sided α = 0.05.

Data management and statistical analysis
Data were collected on paper case-report forms by 
research nurses or investigators and subsequently 
entered into a secure REDCap database [21], hosted at 
the University of Western Australia. Baseline data are 
reported as proportions for categorical variables, and as 
mean ± standard deviation (SD) for normally distributed, 
or as median with quartiles (Q1, Q3) for not normally 
distributed continuous variables. Primary outcomes were 
compared using Chi-square/Fisher’s exact test, and by 
Wilcoxon rank-sum test, as appropriate. We performed 
a post hoc sensitivity analysis excluding patients who 
did not meet sepsis criteria (SOFA < 2 at admission). All 
analyses were by intention-to-treat, and performed using 
Stata V14 (College Station, TX, USA).

Study management and data monitoring
The Centre for Clinical Research in Emergency Medicine 
at the University of Western Australia coordinated the 
study and a steering committee oversaw the day-to-day 
running of the trial. An independent Data Safety Moni-
toring Committee (DSMC) reviewed all adverse events 
(including all deaths) and evaluated the data after 50% 
of recruitment was complete. No formal interim analysis 
was undertaken.

Results
Participants
We randomised 104 patients who met all inclusion crite-
ria. Three were ineligible (see Supplementary Appendix), 
one was erroneously randomised a second time, and one 
withdrew consent. Thus 99 participants (50 restricted 
volume, 49 usual care) were included in the primary 
analysis. The SOFA score was ≥ 2 points on admission 
in 93 cases; 26 cases had a SBP < 90  mmHg and lac-
tate ≥ 2  mmol/L on admission, with 22 of these requir-
ing vasopressors to maintain a target MAP. The flow of 

participants through the trial is shown in Fig.  2. Their 
characteristics at baseline are shown in Table 1.

Fluid and vasopressor management
The fluid and vasopressor management over the 24-h 
period from arrival in the ED is shown in Table 2. Median 
volumes administered from ED arrival to 6  h post ran-
domisation were 2387  ml (30  ml/kg) in the restricted 
volume arm, and 3000  ml (43  ml/kg) in the usual care 
arm (p < 0.001). At 24  h respective median cumulative 
volumes were 3543  ml (40  ml/kg) and 4250  ml (61  ml/
kg), p = 0.005. Fluid volumes administered between 6 
and 24 h did not differ significantly between the groups. 
Maintenance fluids were prescribed during the interven-
tion period in 33/50 patients in the restricted volume 
group and in 24/49 in the usual care group. The predomi-
nant fluids used were balanced isotonic crystalloids and 
normal saline. Further detail of the fluid types is shown in 
Table S1 in the Supplementary Appendix.

There was a significant reduction in the median time 
from randomisation to commencement of vasopres-
sors in the restricted fluid group (34  min vs. 150  min 
(p = 0.001). A higher proportion of patients in the 
restricted volume group had a vasopressor commenced 
in ED, but at 24-h there was no significant difference 
in the proportion receiving vasopressor support. The 
median duration of vasopressor infusion was 21 h in the 
restricted volume group vs. 33 h in the usual care group 
(p = 0.13); median peak vasopressor dose was 0.11 mcg/
kg/min in the restricted volume group vs. 0.18 mcg/kg/
min in the usual care group (p = 0.14).

Other feasibility outcomes
Recruitment rates
Four of eight sites with dedicated research staff in ED 
maintained screening logs during rostered staff hours. 
The number of potentially eligible patients presenting 
outside these hours and at the other sites is unknown. 
There were substantial differences in the total number 
recruited at each site (Figs. S1 and S2 and Table S2 in the 
Supplementary Appendix).

Protocol compliance
Six participants in the usual care group did not receive 
the minimum prescribed volume of 1000  ml within the 
6-h intervention period; one participant in the restricted 
volume group received in excess of 3000  ml during the 
intervention period; five participants (three usual care, 
two restricted) were transferred to the operating thea-
tre within 6 h requiring discontinuation of the protocol. 
Further details on protocol deviations are provided in 
Table S3 in the Supplementary Appendix.
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Adverse events
There were four adverse events recorded in each group 
(Table S4 in the Supplementary Appendix). The DSMC 
reviewed all deaths, and all were determined to have 
been due to underlying disease, with participation in 
the trial not a contributing factor.

Clinical outcomes
Clinical outcomes for the trial participants are shown 
in Table  3. Rates of ICU admission were 33/50 (66%) 
and 29/49 (59%); rates of ventilation were 10/50 (20%) 
and 9/49 (18%); rates of RRT were 4/50 (8%) and 4/49 
(8%) in the restricted and usual care groups, respec-
tively. SOFA scores are shown in Figs. S3 and S4 in the 
Supplementary Appendix. At 90-days 4/48 (8%) partici-
pants in the restricted volume group and 3/47 (6%) in 
the usual care group had died. Further details on those 
who died are provided in Table  S5 in the Supplemen-
tary Appendix.

Sensitivity analysis of cases meeting sepsis criteria
The results of a sensitivity analysis of participants 
with sepsis, i.e., admission SOFA score ≥ 2 (N = 93) 
are shown in Tables S6 and S7 in the Supplementary 
Appendix. The findings were consistent with the pri-
mary analysis.

Discussion
Key findings
We demonstrated that a restricted volume/early vaso-
pressor approach over the first 6  h of resuscitation in 
patients presenting to the ED with suspected sepsis and 
hypotension resulted in a 30% relative reduction in total 
fluid administered up to 24  h and was not associated 
with any signal of harm. Despite a higher proportion of 
patients in the restricted volume group receiving vaso-
pressors early in the ED, this did not result in a longer 
overall duration of vasopressor use in this group.

Fig. 2  Consort diagram of flow of participants through the trial
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Relationship to other studies
There is accumulating evidence of harm associated with 
a positive fluid balance in ICU patients with sepsis [22–
25]. A multicentre, pilot clinical trial of a fluid sparing 
regimen among ICU patients with septic shock in Scan-
dinavia found lower rates of acute kidney injury [26]; 
however the median volume of fluid administered prior 
to randomisation was over 4  l. To our knowledge ours 
is the first clinical trial outside Africa to compare an IV 
fluid volume restricted and early vasopressor regimen to 
the SSC recommended approach [3] for initial resuscita-
tion of adults presenting to the ED with suspected sepsis 
and hypotension. A phase III clinical trial addressing this 
question has recently commenced in the USA [18].

Meaning of the study
A recent large, randomised trial investigated the role of 
a perioperative fluid-sparing regimen for patients under-
going major elective abdominal surgery [27]. Contrary to 

expectations based upon previous smaller studies, this 
approach was associated with a higher incidence of acute 
kidney injury. While not translatable to sepsis resusci-
tation, this cautions against the premature adoption of 
fluid-sparing management strategies based upon a lim-
ited evidence base, and emphasises the importance of 
large scale, rigorously conducted clinical trials to inform 
practice. Testing the question of IV fluid volume in sepsis 
resuscitation has been identified as a top research prior-
ity in critical care [28]. We have demonstrated that such a 
trial intervention is feasible.

Strengths and limitations
The strengths of this pilot trial are multicentre design, 
pragmatic enrolment criteria, a clinically informed and 
acceptable protocol resulting in meaningful separation, 
the collection of patient centred outcome and safety data 
and high rates of completed follow up.

Table 1  Baseline characteristics of study participants at randomisation

Data are medians (Q1, Q3) unless stated otherwise

SBP systolic blood pressure, SpO2 peripheral oxygen saturations, FiO2 fractional inspired oxygen concentration, GCS Glasgow coma scale, APACHE acute physiology and 
chronic health evaluation, SOFA sequential organ failure assessment, Non-CVS SOFA total SOFA score minus cardiovascular domain

Usual care N = 49 Restricted volume N = 50

Age (years) 66 (45, 76) 66 (52, 78)

Male sex, n (%) 30 (61) 31 (62)

Weight (kg) 72 (64, 90) 80 (66, 88)

Mean temperature (℃) 37.5 ± 1.2 37.3 ± 1.3

Mean heart rate (beats/min) 96 ± 20 96 ± 21

Mean respiratory rate (breaths/min) 23 ± 6 22 ± 5

SpO2 (%) 96 (95, 98) 96 (94, 98)

FiO2 0.21 (0.21, 0.32) 0.21 (0.21, 0.3)

GCS 15 (15, 15) 15 (15, 15)

Mean SBP (mmHg) 87 ± 9 86 ± 9

Mean MAP (mmHg) 64 ± 8 65 ± 7

Lactate (mmol/L) 1.8 (1.2, 2.6) 1.7 (1.1, 3.5)

Charlson score 2 (0, 4) 2 (1, 4)

APACHE II score 14 (10, 18) 15 (10, 20)

SOFA score 5 (4, 7) 5 (3, 9)

Non-CVS SOFA score 3 (2, 4) 3 (1, 6)

Creatinine (μmol/L) 130 (80, 170) 106 (75, 160)

Acute kidney injury, N (%) 30 (60) 26 (52)

Infection source, N (%)

 Respiratory 20 (41) 14 (28)

 Urinary 9 (18) 16 (32)

 Skin/soft tissue 6 (12) 6 (12)

 Bloodstream 7 (14) 3 (6)

 Abdominal/pelvis 2 (5) 5 (10)

 Other/unidentified 5 (10) 6 (12)

Pre randomisation fluid volume (ml) 1250 (1000, 2000) 1450 (1000, 1500)

Time from ED arrival (mins) 143 (89, 250) 140 (103, 214)
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There are several limitations. The overall mortality 
rate of 7% was lower than expected. This may be related 
to the SBP < 100 mmHg inclusion criterion. This is con-
sistent with the blood pressure threshold in the Sepsis 3 
task force ‘qSOFA’ score [1], however only a minority of 
participants met criteria for septic shock. Further expla-
nations may be the exclusion of patients likely to require 
urgent surgery, such as intra-abdominal sepsis, which 
typically has a higher mortality. There were more proto-
col deviations relating to fluid volume in the usual care 
group than in the restricted fluid group. This may reflect 
a bias among clinicians in favour of restricting IV fluid in 
this un-blinded trial. Finally, there are challenges inher-
ent in recruiting the most sick and unstable patients 
within a limited time-window in the ED. A recently pub-
lished pilot trial of restricted fluid volume resuscitation 
of paediatric sepsis patients in the UK also found a lower 
than expected severity of illness [29].

Despite achieving a 30% relative reduction in fluid vol-
ume, the absolute difference between the groups was less 
than 1 l. Whether this difference is clinically meaningful 
is uncertain, although in a small Zambian clinical trial, a 

difference in median fluid volumes at 24 h of 4 l vs. 3 l was 
associated with a significant reduction in mortality in the 
lower volume group [9]. The median cumulative volume 
at 6 h in the usual care arm of our trial was 3000 ml, less 
than the volume of over 4000  ml administered in three 
international early goal directed therapy trials conducted 
in the past decade [12]. Whether this reflects the lower 
illness severity, or an incremental change in routine prac-
tice is unknown.

Unanswered questions and implications for a future trial
While the trial achieved the feasibility objectives, there 
are important implications for designing a future clini-
cal trial with sufficient outcome event rates to detect 
differences in these rates. The low mortality rate could 
be addressed by more stringent inclusion criteria tar-
geted to sicker patients (e.g., established septic shock). 
Requiring a larger fluid volume prior to being eligible 
would select for more severe illness, but could threaten 
separation between the experimental groups. Includ-
ing patients with intra-abdominal sepsis and developing 

Table 2  Fluid and vasopressor use

Data are medians (Q1, Q3) unless stated otherwise. p values calculated using Wilcoxon rank-sum test for continuous variables and Fishers exact test for categorical 
variables

*Noradrenaline equivalent

Usual care N = 49 Restricted volume N = 50 p value

Fluid volume

 T0–T6 (ml) total 1715 (1017, 2500) 968 (625, 1458) < 0.001

 T0–T6 bolus (ml) 1535 (1000, 2200) 550 (0, 1150) < 0.001

 T0–T6 maintenance (ml) 0 (0, 280) 314 (0, 512) 0.014

 T0–T6/kg (ml) 23 (15, 33) 12 (7, 20) < 0.001

 Total prerandomisation-T6 (ml) 3000 (2550, 3900) 2387 (1750, 2750) < 0.001

 Total to T6/kg (ml) 43 (35, 50) 30 (23, 39) < 0.001

 T6–T24 (ml) 1000 (428, 1743) 1134 (500, 2000) 0.73

 Total prerandomisation-T24 (ml) 4250 (3450, 5207) 3543 (2443, 4410) 0.005

 Total to T24/kg (ml) 61 (46, 79) 40 (31, 64) 0.005

Vasopressor use, N (%) 26 (53) 39 (78)

 Vasopressor in ED, N (%) 23 (47) 36 (72) 0.011

 Vasopressor at 24 h, N 19 (39) 24 (48) 0.35

 Time to start vasopressor (mins)

  From ED arrival 250 (168, 483) 223 (127, 316) 0.12

  From randomisation 150 (63, 224) 34 (15, 88) 0.001

 Type of vasopressor

  Noradrenaline, N (%) 23 (47) 30 (60) 0.33

  Metaraminol only, N (%) 3 (6) 9 (18)

 Central venous access, N (%) 20 (41) 26 (52) 0.42

 Volume prior to vasopressor (ml) 2000 (2000, 2777) 1400 (1000, 1700) < 0.001

 Duration of vasopressor (h) 33 (15, 50) 21 (9, 42) 0.13

 Peak vasopressor dose* 0.18 (0.1, 0.43) 0.11 (0.08, 0.22) 0.14

 Mean MAP T0–T6 (mmHg) 72 ± 6 73 ± 6 0.31
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a peri-operative protocol would increase the potential 
recruitment pool, and allow higher risk patients to be 
enrolled.

It is possible that greater separation in fluid volumes 
could be achieved by mandating a larger ‘minimum’ vol-
ume in the control arm, while ensuring flexibility for cli-
nicians to manage patients in accordance with usual care. 
Conversely, maintenance fluid should be prohibited in 
the restricted fluid would since this accounts for a sub-
stantial proportion of total IV fluid volume in critically 
ill patients [30]. Any future trial with mortality and other 
clinical endpoints would require a sample size informed 
by a thorough understanding of contemporary ED prac-
tice relating to fluid volume and timing of vasopressors, 
and the epidemiology and mortality rates for the cohort 
of interest.

Conclusions
For patients presenting to the ED with suspected sepsis 
and hypotension, a fluid-restricted and early vasopres-
sor regimen resulted in a reduction in total fluid volume 
administered in the first 24 h. There was no increase in 
overall duration of vasopressor use and no evidence of 
harm. A large clinical trial to investigate the effects of 

such an approach to resuscitation on patient centred 
outcomes appears feasible. Modifications to the present 
protocol would be required to maximise meaningful 
separation between the study groups, and recruitment of 
high-risk patients to deliver sufficient statistical power to 
determine effects on mortality in this setting.
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