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Abstract
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Objective and design: Hypertonic saline administered during fluid resuscitation may

CE

mitigate endothelial glycocalyx (EG) shedding and inflammation. The objective of this pilot
randomised controlled trial was to measure the effect of hypertonic saline, compared to

AC

isotonic saline on biomarkers of EG shedding and inflammation in emergency department
patients with suspected sepsis.
Methods: Patients received either 5 mL/kg of 3% saline (hypertonic group, n=34) or 10
mL/kg of 0.9% saline (isotonic group, n=31). Serum biomarker concentrations of syndecan-1,
hyaluronan, intercellular adhesion molecule-1, vascular cell adhesion molecule-1,
interleukin-6, -8, -10, interferon-γ, neutrophil gelatinase-associated lipocalin and resistin
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were compared at baseline (T0), after fluid (T1), 3 hours (T3) and 12-24 hours (T24) later, as
was serum osmolality, using linear mixed effects models.
Results: The hypertonic group had significantly increased mean serum osmolality compared
to the isotonic group at T1 (P<0.001) and T3 (P=0.004). Minor differences were found in
some biomarker outcomes, including a decreased fold-change in syndecan-1 at T1 (P=0.012)
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and in interleukin-10 at T24 (P=0.006) in the isotonic group, compared to the hypertonic
group.

Conclusions: Although a single bolus of hypertonic saline increased serum osmolality, it did
not reduce biomarkers of EG shedding or inflammation, compared to patients that received

NU

isotonic saline.
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Introduction

Sepsis is characterised by a dysregulated host response to an infection [1]. This can
lead to microcirculatory alteration, reduced tissue perfusion and organ dysfunction. Current
recommendations for improving perfusion in the early stages of treatment include bolus fluid
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administration, up to 30 mL/kg for patients with hypoperfusion [2]. However, patient fluid
requirements and fluid responsiveness can be difficult to assess in regards to volume titration,
and positive fluid balance has been associated with increased mortality in intensive care unit

NU

(ICU) patients with sepsis [3, 4].

An association between large volumes of crystalloid and poorer outcomes in septic

MA

patients is currently an active area of investigation [5, 6, 3, 7]. One proposed mechanism for
this association is shedding of the endothelial glycocalyx (EG), causing fluid extravasation

ED

and interstitial oedema [8]. Shedding of the EG precipitates endothelial and leucocyte
activation, and increased vascular permeability [9-11]. Our recent work in patients with

PT

pneumonia has shown positive associations between circulating EG and neutrophil activation

CE

biomarker concentrations [12]. Increased EG shedding in patients with sepsis has also been
associated with cumulative fluid volumes, degree of organ failure and mortality [13-20].
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Therefore, strategies aimed at mitigating shedding of the EG, such as modification of current
resuscitation practices, may improve outcomes for patients with sepsis.

Hypertonic saline increases serum osmolality and draws water from the interstitium,
therefore it may re-establish blood flow while avoiding administration of large volumes of
fluid. In turn, this may reduce EG shedding and endothelial activation. Hypertonic saline has
been shown in in vitro and rodent models to reduce inflammatory cytokine release, cell
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activation and adhesion [21-30]. Studies in trauma patients have shown evidence that
hypertonic saline reduced endothelial activation and inflammation, compared to isotonic
crystalloid [31-34]. However, there is currently little information on the endothelial and
immunomodulatory effects of hypertonic saline, compared to isotonic crystalloid, when used
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in adult patients with sepsis.

In this randomised controlled pilot trial we sought to compare the effect of two initial
fluid bolus strategies, 5 mL/kg of hypertonic saline or 10 mL/kg of isotonic saline, in adult
patients with suspected infection meeting Systemic Inflammatory Response Syndrome

NU

(SIRS) criteria. We hypothesised that patients who received hypertonic saline would have an
increased serum osmolality and reductions in biomarkers of endothelial activation and

MA

inflammation over time, compared to patients who received isotonic saline. We also
hypothesised that hypertonic saline would reduce the volume of fluids subsequently given

ED

over the following 24 hours, compared to isotonic saline.

Study Design

CE

PT

Methods

AC

This study was approved by the Royal Perth Hospital Human Research Ethics
Committee (HREC 2011-091) and was registered with the Australian and New Zealand
Clinical Trials Registry (ACTRN12611001021965) before commencement. The SepsisSaline Trial (SST) was a pragmatic, investigator-initiated, single-center, randomised
controlled open-label pilot trial of adult patients presenting to the emergency department
(ED) with suspected infection, who met SIRS criteria and required a fluid bolus as judged by
the treating clinician. The HREC restricted enrolment to patients that could provide written
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informed consent. Patients were randomised via password-protected web-based interface to
receive either intravenous 3% saline (hypertonic group) or 0.9% saline (isotonic group).
Patients were recruited between November, 2011 and April, 2015. The primary outcome of
this study was fold-change in endothelial activation and inflammatory biomarker

administered and development of organ failure.

Patients
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concentrations. Secondary outcomes included serum osmolality, volume of fluids

Patients admitted to the ED were included if they met 2 of 4 SIRS criteria
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(temperature >38 oC or <36 oC, heart rate >90 bpm, respiratory rate >20 bpm or white cell
count >12 x109/L or <4 x109/L) as well as clinical suspicion of infection and a clinical

MA

requirement for fluid administration. Patients were excluded if there was a contraindication to
fluid volume loading, a plasma sodium concentration <135 or >145 mmol/L, acidosis
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(venous pH<7.25), established renal failure (eGFR <45 mL/min/1.73m2), pregnancy, age <18
years, patient deemed to receive palliative care only or they had received >500 mL total of

PT

pre-hospital crystalloid fluid. Patients that required immediate resuscitation were also

CE

excluded, as research processes including the ethics committee requirement for informed

AC

patient consent may have delayed treatment.

Intervention

Patients were randomised to receive either 5 mL/kg of 3% saline or 10 mL/kg of 0.9%
saline, to be given over less than 1 hour intravenously. Blinding of the study intervention was
not possible due to the different volumes required. The dose of 0.9% saline was chosen to be
consistent with the usual practice in the authors’ ED, with a maximum dose of 1000 mL total
allowed. The dose of 3% saline was equated to deliver twice the sodium load equivalent of
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one litre of 0.9% saline at a maximum dose of 600 mL. Any treatment given after the study
fluid, including additional crystalloid fluid, was open-label and not restricted. All fluids given
after enrolment were recorded, including volume and type of fluid, up until the last blood
sampling time point.
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Data collection

Heart rate, mean arterial blood pressure and haemoglobin concentration were
collected from the medical records, aligned with the research blood sampling time points
below. The Sequential Organ Failure Assessment (SOFA) score [35] was slightly modified
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for the ED setting (Table 1) and calculated from data collected during three time periods;
during ED stay, on day 1 (first 24 hours in wards or ICU) and day 2 (second 24 hours in

MA

wards or ICU). A single clinician blinded to treatment allocation reviewed medical records
and assigned a discharge diagnosis category of either ‘not infection’, ‘suspected infection’ or
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‘confirmed infection’, informed by review of diagnostic test results and subsequent clinical
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Laboratory parameters
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course. Charlson Comorbidity Score [36] was calculated from data at time of admission.

Blood samples were taken prior to administration of the study fluid (T0), and 1 hour
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(T1), 3 hours (T3) and 12-14 hours after fluid administration (T24), and were chosen to be
consistent with the sampling protocol of a parallel study [37]. Samples were collected into a
serum clot tube then centrifuged at 3000 rpm at 4oC for 10 minutes. Serum was then
aliquoted and stored at -80oC. Inflammatory biomarkers, neutrophil gelatinase-associated
lipocalin and resistin, as well as glycocalyx biomarkers, syndecan-1 and hyaluronan, were
measured using commercial enzyme-linked immunosorbent assay kits (R&D Systems,
Minneapolis, MN, USA). Inflammatory cytokines interleukin (IL)-6, IL-8, IL-10, interferon-γ
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and endothelial biomarkers, soluble intercellular adhesion molecule-1 and soluble vascular
cell adhesion molecule-1, were measured using a commercial multiplex cytometric bead
array kit (BD Biosciences, San Jose, CA, USA). Serum osmolality was measured by freezing
point depression (6M Osmometer, Löser Messetechnik, Berlin, Germany).
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Statistical methods

Due to the exploratory nature of this study and lack of previous data to inform
potential differences, a power calculation to estimate sample size was not performed.
Normality of data was assessed by visual inspection of histograms and Q-Q plots. Patient
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characteristics were summarised using number (percentage) for categorical variables, and
median [Q1-Q3] or mean (95% confidence interval) for continuous variables depending on

MA

normality. Between-group differences for baseline characteristics were tested using linear
regression for normally distributed continuous variables, Fisher’s exact test for dichotomous

ED

variables, negative binomial regression for count variables and Wilcoxon rank sum test for

PT

continuous variables not normally distributed.

CE

Changes in clinical variables from baseline were compared using linear random
effects regression models. Volumes of fluid delivered between each time point were
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compared using Wilcoxon rank sum test. Biomarker concentrations were log-transformed to
produce normal or approximately normal distributions and summarised using geometric
mean (95% confidence interval). Comparisons of change in biomarker concentration over
time were made using either linear random effects regression or Tobit random effects
regression models. For each biomarker, change from T0 was expressed as fold-change (95%
confidence interval). Patients that had completed research blood sampling at T24 were further
followed for clinical progression by comparing components of their SOFA score. Proportion
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of patients with organ failure (SOFA score>0) (Table 1) was compared between groups using
Fisher’s exact test for each time period. Hospital length of stay was compared between
groups using Wilcoxon rank sum text.

All analyses were performed using Stata 14 (College Station, TX, USA) with
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significance set at two-sided P<0.05.

Results

NU

Baseline characteristics

This study included 31 patients randomised to the isotonic group and 34 patients

MA

randomised to the hypertonic group (Figure 1). There were no significant differences between
baseline characteristics (Table 2). Of patients with confirmed infection, 21 had positive

ED

bacterial culture (13 in the isotonic group, 8 in the hypertonic group), 9 had infection
confirmed on imaging results (3 in the isotonic group, 6 in the hypertonic group), and 4

PT

patients had positive viral serology results (2 in each group). The most frequent source of

CE

infection was lung (n=15), followed by urinary tract (n=15) and soft tissue (n=9).
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Change in biomarker concentrations over time
Summarised biomarker concentrations and fold-change from T0 for each subsequent
time point are presented in Table 4. There was a significantly decreased fold-change in
syndecan-1 at T1 in the isotonic group, compared to the hypertonic group (P=0.012). There
were no significant differences between the two groups in fold-change for hyaluronan,
soluble intercellular adhesion molecule-1 or soluble vascular cell adhesion molecule-1 at any
time point.
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There was a significantly decreased fold-change in IL-10 at T24 in the isotonic group,
compared to the hypertonic group (P=0.006). Otherwise, there were no significant
differences between the two groups in fold-change for inflammatory cytokines IL-6, IL-8,
neutrophil gelatinase-associated lipocalin or resistin. Interferon-γ was below the detectable
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limit for 78% of samples. There was no significant difference in number of samples with
measurable interferon-γ, versus unmeasurable, at any time point between the two groups
(data not shown).

NU

Clinical variables

Serum osmolality in participants in the hypertonic group was significantly increased

MA

from baseline at T1 (P<0.001) and T3 (P=0.004), compared to the isotonic group, but there
was no significant difference between groups by T24 (P=0.59) (Figure 2). There were no

ED

significant changes from baseline between the two groups in heart rate, mean arterial blood

CE

Fluids administered

PT

pressure or haemoglobin concentration over time (Table 3).

Only patients in the hypertonic group received 3% saline during the study period

AC

(Figure 3). The isotonic group received significantly more 0.9% saline and total volume of
fluids between T0 and T1 (both P<0.001), compared to the hypertonic group, but there were
no significant differences between groups in volume of 0.9% saline or total fluid volume
administered between T1 to T3 (P=0.37, P=0.68, respectively) or T3 to T24 (P=0.94,
P=0.14, respectively) (Figure 3). One patient in the hypertonic group reported pain above the
cannula insertion site therefore the study fluid rate was halved.
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The most frequent fluid type administered after the study fluid was 0.9% saline. Eight
patients in the isotonic group received an additional fluid type, compared to 3 patients in the
hypertonic group (P=0.068). Fluid types other than 0.9% saline included compound sodium
lactate, 4% succinylated gelatine and albumin solution.
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Clinical outcomes

There were significantly more patients with cardiovascular failure on day 1 in the
isotonic group, compared to the hypertonic group (P=0.014) (Table 5). On day 1, 4 patients
in the isotonic group required at least 20 mL/kg of intravenous fluids to maintain blood

NU

pressure (n=1) and/or required vasopressor support (n=3) whereas none of the patients in the
hypertonic group required either types of blood pressure support. Also, there were

MA

significantly more patients with haematologic failure in the isotonic group on day 1,
compared to the hypertonic group (P=0.026), confluent with decreases in platelet count

ED

(Table 5). Event rate was too low for central nervous system and renal failure to be compared

PT

(data not shown).

CE

There was no significant difference in length of hospitalisation between the isotonic
group (median 2.4 days, Q1-Q3 1.2-4.2) and hypertonic group (3.1 days, Q1-Q3 1.9-5.2)

AC

(P=0.26). Only one patient was admitted to the ICU (isotonic group) and only one patient
died in each of the groups.

Discussion

This pilot study demonstrated that a single bolus of hypertonic saline given to ED
patients with suspected sepsis resulted in a significant increase in serum osmolality,
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compared to a single bolus of isotonic saline. However, administration of hypertonic saline
did not reduce biomarker concentrations of EG shedding, endothelial activation or
inflammatory biomarker concentrations, though small differences were found in fold-change
of syndecan-1 and IL-10 at isolated time points. These minor differences were considered of
low relevance given the distribution of the raw biomarker data at each time point.
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Additionally, hypertonic saline did not significantly reduce the volume of subsequent
crystalloid administered.

Studies in trauma patients that have received hypertonic saline have found less

NU

leucocyte and endothelial activation, lower inflammatory cytokine concentrations and fewer
post-operative infections, compared to isotonic crystalloid [31-34]. This effect has not been

MA

replicated thus far in patients with sepsis. Although one pilot study found that hypertonic
saline reduced the volume of subsequent fluid administration [38], there were no significant

ED

differences in gene expression for inflammatory cytokines compared to an isotonic fluid [39].
These results are difficult to interpret as the fluids used in this study were combined with

CE

PT

hydroxyethyl starch, known to suppress cytokine production [40-42].

Lack of treatment effect observed in this study may have been due to only achieving a

AC

modest increase of ~10 mmol/kg in serum osmolality (Figure 3). A greater change in
osmolality may have been required in order to mitigate inflammation. For the purpose of
simplicity, studies that have measured osmolarity are described here as osmolality, with
recognition that these measurements have slight differences. Previous studies demonstrating
immunomodulatory effects of hypertonic saline in vitro have used concentrations of saline at
an osmolality of ~340 mmol/kg or higher [26, 43, 21, 44, 22, 29, 45]. In animal models
demonstrating anti-inflammatory effects of hypertonic saline, studies have achieved a
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minimum of ~325 to 350 mmol/kg within 1 hour of infusion [22, 46]. Lack of treatment
effect in this study may also be due to the timing of hypertonic saline delivery in relation to
injury. Two different studies support that hypertonic saline has little effect if given after
leucocyte activation [23] or is delayed beyond the onset of inflammation [47]. This may
negate the immunomodulatory effects of hypertonic saline in the setting of sepsis, whereby
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there is little opportunity to deliver a fluid intervention close to the time of illness onset.

In this study, there was no difference in volumes of subsequent crystalloid
administered, due to additional open-label administration of 0.9% saline to patients in the

NU

hypertonic group. We were unable to determine from clinical data in medical records what
prompted further fluid administration but this may have been driven by lack of blinding and

MA

clinician bias against withholding 0.9% saline. This additional fluid administration may have
blunted any treatment effect on biomarker outcomes. The other reason for lack of treatment

ED

effect may have been due to the relatively mild severity of illness of this cohort; a
consequence of the HREC requirement to restrict the trial only to those who could provide

PT

written consent. It is possible that inclusion of sicker patients or stricter protocolisation of

CE

subsequent fluid administration may have yielded different results.
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Strengths of this study include delivery of the intervention fluid early in the treatment
of suspected sepsis, as well as frequent blood sampling during initial patient stabilisation.
This study demonstrates the feasibility of achieving hyperosmolality with a single dose of 3%
saline, which has not been previously reported in this type of patient cohort. Patients in the
hypertonic group also achieved similar blood volume expansion, based on no difference in
haemoglobin concentration at T1, supporting the effect of hypertonic saline drawing fluid
from the extravascular space. Limitations include the lack of blinding and mild severity of
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illness in this patient cohort. Although the finding of more patients in the isotonic group
having cardiovascular failure on day 1 of hospitalisation is provocative, the result may be
coincidental in such a small sample size. This study would have also been strengthened by
assessment of serum sodium, chloride and base excess concentrations, however lack of these
measurements at T24 for most patients precluded this analysis. The biomarkers used in this
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study were chosen on the basis of previous work demonstrating their association with
severity of sepsis [48, 13], however, broadening the spectrum of biomarker assessment may
have been more informative. Given the small sample size, variations in baseline biomarker
concentrations may have influenced the results, despite only statistically comparing fold-

NU

change in biomarker concentrations. Recommendations for future research in this area
include selection of patients with a higher severity of illness, blinding of the intervention

MA

fluid and protocolisation of subsequent fluid administration aimed at achieving clinical

ED

endpoints.

In conclusion, delivery of a single bolus of 3% hypertonic saline in ED patients with

PT

suspected sepsis increased serum osmolality but did not reduce biomarkers of endothelial

CE

glycocalyx shedding, endothelial activation or inflammation, compared to patients that

AC

received 0.9% saline.

References

1. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer M et al. The
third international consensus definitions for sepsis and septic shock (Sepsis-3). JAMA.
2016;315(8):801-10.

ACCEPTED MANUSCRIPT
2. Rhodes A, Evans LE, Alhazzani W, Levy MM, Antonelli M, Ferrer R et al. Surviving
Sepsis Campaign: International guidelines for management of sepsis and septic shock: 2016.
Crit Care Med 2017;45(3):486-552.
3. Acheampong A, Vincent JL. A positive fluid balance is an independent prognostic factor
in patients with sepsis. Crit Care. 2015;19:251.

SC
RI
PT

4. de Oliveira FS, Freitas FG, Ferreira EM, de Castro I, Bafi AT, de Azevedo LC et al.
Positive fluid balance as a prognostic factor for mortality and acute kidney injury in severe
sepsis and septic shock. J Crit Care. 2015;30(1):97-101.

5. Macdonald SPJ, Taylor DM, Keijzers G, Arendts G, Fatovich DM, Kinnear FB et al.

NU

REstricted Fluid REsuscitation in Sepsis-associated Hypotension (REFRESH): study
protocol for a pilot randomised controlled trial. Trials. 2017;18(1):399.

MA

6. Hjortrup PB, Haase N, Bundgaard H, Thomsen SL, Winding R, Pettila V et al. Restricting
volumes of resuscitation fluid in adults with septic shock after initial management: the

ED

CLASSIC randomised, parallel-group, multicentre feasibility trial. Intensive Care Med.
2016;42(11):1695-705.

PT

7. Sakr Y, Rubatto Birri PN, Kotfis K, Nanchal R, Shah B, Kluge S et al. Higher fluid

CE

balance increases the risk of death from sepsis: Results from a large international audit. Crit
Care Med. 2017;45(3):386-94.

AC

8. Genga K, Russell JA. Early liberal fluids for sepsis patients are harmful. Crit Care Med.
2016;44(12):2258-62.

9. McDonald KK, Cooper S, Danielzak L, Leask RL. Glycocalyx degradation induces a
proinflammatory phenotype and increased leukocyte adhesion in cultured endothelial cells
under flow. PLoS One. 2016;11(12):e0167576.
10. Mulivor AW, Lipowsky HH. Role of glycocalyx in leukocyte-endothelial cell adhesion.
Am J Phys Heart Circ Phys 2002;283(4):H1282-91.

ACCEPTED MANUSCRIPT
11. Lipowsky HH, Gao L, Lescanic A. Shedding of the endothelial glycocalyx in arterioles,
capillaries, and venules and its effect on capillary hemodynamics during inflammation. Am J
Phys Heart Circ Phys 2011;301(6):H2235-45.
12. Smart L, Bosio E, Macdonald SPJ, Dull R, Fatovich DM, Neil C et al. Glycocalyx
biomarker syndecan-1 is a stronger predictor of respiratory failure in patients with sepsis due

SC
RI
PT

to pneumonia, compared to endocan. J Crit Care. 2018;47:93-8.

13. Smart L, Macdonald SPJ, Burrows S, Bosio E, Arendts G, Fatovich DM. Endothelial
glycocalyx biomarkers increase in patients with infection during Emergency Department
treatment. J Crit Care. 2017;42:304-309.

NU

14. Anand D, Ray S, Srivastava LM, Bhargava S. Evolution of serum hyaluronan and
syndecan levels in prognosis of sepsis patients. Clin Biochem. 2016;49(10-11):768-76.

MA

15. Sallisalmi M, Tenhunen J, Yang R, Oksala N, Pettila V. Vascular adhesion protein-1 and
syndecan-1 in septic shock. Acta Anaesthesiol Scand. 2012;56(3):316-22.

ED

16. Ostrowski SR, Gaini S, Pedersen C, Johansson PI. Sympathoadrenal activation and
endothelial damage in patients with varying degrees of acute infectious disease: an

PT

observational study. J Crit Care. 2015;30(1):90-6.

CE

17. Nelson A, Berkestedt I, Schmidtchen A, Ljunggren L, Bodelsson M. Increased levels of
glycosaminoglycans during septic shock: relation to mortality and the antibacterial actions of

AC

plasma. Shock. 2008;30(6):623-7.
18. Yagmur E, Koch A, Haumann M, Kramann R, Trautwein C, Tacke F. Hyaluronan serum
concentrations are elevated in critically ill patients and associated with disease severity. Clin
Biochem. 2012;45(1-2):82-7.
19. Scherpereel A, Depontieu F, Grigoriu B, Cavestri B, Tsicopoulos A, Gentina T et al.
Endocan, a new endothelial marker in human sepsis. Crit Care Med. 2006;34(2):532-7.

ACCEPTED MANUSCRIPT
20. Puskarich MA, Cornelius DC, Tharp J, Nandi U, Jones AE. Plasma syndecan-1 levels
identify a cohort of patients with severe sepsis at high risk for intubation after large-volume
intravenous fluid resuscitation. J Crit Care. 2016;36:125-9.
21. Thiel M, Buessecker F, Eberhardt K, Chouker A, Setzer F, Kreimeier U et al. Effects of
hypertonic saline on expression of human polymorphonuclear leukocyte adhesion molecules.

SC
RI
PT

J Leuk Biol. 2001;70(2):261-73.

22. Rizoli SB, Kapus A, Fan J, Li YH, Marshall JC, Rotstein OD. Immunomodulatory effects
of hypertonic resuscitation on the development of lung inflammation following hemorrhagic
shock. J Immunol 1998;161(11):6288-96.

NU

23. Ciesla DJ, Moore EE, Zallen G, Biffl WL, Silliman CC. Hypertonic saline attenuation of
polymorphonuclear neutrophil cytotoxicity: timing is everything. J Trauma. 2000;48(3):388-

MA

95.

24. Ciesla DJ, Moore EE, Musters RJ, Biffl WL, Silliman CA. Hypertonic saline alteration of

Trauma. 2001;50(2):206-12.

ED

the PMN cytoskeleton: implications for signal transduction and the cytotoxic response. J

PT

25. Junger WG, Hoyt DB, Davis RE, Herdon-Remelius C, Namiki S, Junger H et al.

CE

Hypertonicity regulates the function of human neutrophils by modulating chemoattractant
receptor signaling and activating mitogen-activated protein kinase p38. J Clin Invest

AC

1998;101(12):2768-79.

26. Banerjee A, Moore EE, McLaughlin NJ, Lee L, Jones WL, Johnson JL et al.
Hyperosmolarity attenuates TNF-alpha-mediated proinflammatory activation of human
pulmonary microvascular endothelial cells. Shock. 2013;39(4):366-72.
27. Theobaldo MC, Barbeiro HV, Barbeiro DF, Petroni R, Soriano FG. Hypertonic saline
solution reduces the inflammatory response in endotoxemic rats. Clinics. 2012;67(12):14638.

ACCEPTED MANUSCRIPT
28. Tan GK, Ng JK, Tan KW, Angeli V, Moochhala S, Ooi EE et al. Hypertonic saline
reduces vascular leakage in a mouse model of severe dengue. PloS One. 2013;8(4):e61621.
29. Shields CJ, O'Sullivan AW, Wang JH, Winter DC, Kirwan WO, Redmond HP.
Hypertonic saline enhances host response to bacterial challenge by augmenting receptorindependent neutrophil intracellular superoxide formation. Annals Surg. 2003;238(2):249-57.

SC
RI
PT

30. Petroni RC, Biselli PJ, de Lima TM, Theobaldo MC, Caldini ET, Pimentel RN et al.
Hypertonic saline (NaCl 7.5%) reduces LPS-induced acute lung injury in rats. Inflamm.
2015;38(6):2026-35.

31. Charalambous MP, Swoboda SM, Lipsett PA. Perioperative hypertonic saline may reduce

NU

postoperative infections and lower mortality rates. Surg Infect. 2008;9(1):67-74.
32. Junger WG, Rhind SG, Rizoli SB, Cuschieri J, Shiu MY, Baker AJ et al. Resuscitation of

MA

traumatic hemorrhagic shock patients with hypertonic saline-without dextran-inhibits
neutrophil and endothelial cell activation. Shock. 2012;38(4):341-50.

ED

33. Rhind SG, Crnko NT, Baker AJ, Morrison LJ, Shek PN, Scarpelini S et al. Prehospital
resuscitation with hypertonic saline-dextran modulates inflammatory, coagulation and

PT

endothelial activation marker profiles in severe traumatic brain injured patients. J

CE

Neuroinflamm. 2010;7:5.

34. Agudelo JF, Flierl MA, Smith WR, Moore EE, Williams AE, Eckels PC et al. Influence

AC

of preoperative 7.5% hypertonic saline on neutrophil activation after reamed intramedullary
nailing of femur shaft fractures: a prospective randomized pilot study. J Orthop Trauma.
2012;26(2):86-91.
35. Vincent JL, de Mendonca A, Cantraine F, Moreno R, Takala J, Suter PM et al. Use of the
SOFA score to assess the incidence of organ dysfunction/failure in intensive care units:
results of a multicenter, prospective study. Crit Care Med. 1998;26(11):1793-800.

ACCEPTED MANUSCRIPT
36. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation. J Chron Dis.
1987;40(5):373-83.
37. Arendts G, Stone SF, Fatovich DM, van Eeden P, MacDonald E, Brown SG. Critical
illness in the emergency department: lessons learnt from the first 12 months of enrolments in

SC
RI
PT

the Critical Illness and Shock Study. Emerg Med Austral. 2012;24(1):31-6.

38. van Haren FM, Sleigh J, Boerma EC, La Pine M, Bahr M, Pickkers P et al. Hypertonic
fluid administration in patients with septic shock: a prospective randomized controlled pilot
study. Shock. 2012;37(3):268-75.

NU

39. van Haren FM, Sleigh J, Cursons R, La Pine M, Pickkers P, van der Hoeven JG. The
effects of hypertonic fluid administration on the gene expression of inflammatory mediators

MA

in circulating leucocytes in patients with septic shock: a preliminary study. Ann Intensive
Care. 2011;1(1):44.

ED

40. Wang P, Li Y, Li J. Hydroxyethyl starch 130/0.4 prevents the early pulmonary
inflammatory response and oxidative stress after hemorrhagic shock and resuscitation in rats.

PT

Int Immunopharmacol. 2009;9(3):347-53.

CE

41. Ozturk T, Onur E, Cerrahoglu M, Calgan M, Nizamoglu F, Civi M. Immune and
inflammatory role of hydroxyethyl starch 130/0.4 and fluid gelatin in patients undergoing

AC

coronary surgery. Cytokine. 2015;74(1):69-75.
42. Pascual JL, Ferri LE, Chaudhury P, Seely AJ, Campisi G, Giannias B et al. Hemorrhagic
shock resuscitation with a low molecular weight starch reduces neutrophil-endothelial
interactions and vessel leakage in vivo. Surg Infect. 2001;2(4):275-88.
43. Gonzalez RJ, Moore EE, Ciesla DJ, Neto JR, Biffl WL, Silliman CC. Hyperosmolarity
abrogates neutrophil cytotoxicity provoked by post-shock mesenteric lymph. Shock.
2002;18(1):29-32.

ACCEPTED MANUSCRIPT
44. Nydam TL, Moore EE, McIntyre RC, Jr., Wright FL, Gamboni-Robertson F, Eckels PC
et al. Hypertonic saline attenuates TNF-alpha-induced NF-kappaB activation in pulmonary
epithelial cells. Shock. 2009;31(5):466-72.
45. Wright FL, Gamboni F, Moore EE, Nydam TL, Mitra S, Silliman CC et al.
Hyperosmolarity invokes distinct anti-inflammatory mechanisms in pulmonary epithelial

SC
RI
PT

cells: evidence from signaling and transcription layers. PloS One. 2014;9(12):e114129.
46. Rhee P, Burris D, Kaufmann C, Pikoulis M, Austin B, Ling G et al. Lactated Ringer's
solution resuscitation causes neutrophil activation after hemorrhagic shock. J Trauma.
1998;44(2):313-9.

NU

47. Petroni RC, Biselli PJ, Lima TM, Velasco IT, Soriano FG. Impact of time on fluid
resuscitation with hypertonic saline (NaCl 7.5%) in rats with LPS-induced acute lung injury.

MA

Shock. 2015;44(6):609-15.

48. Macdonald SPJ, Bosio E, Neil C, Arendts G, Burrows S, Smart L et al. Resistin and

ED

NGAL are associated with inflammatory response, endothelial activation and clinical

CE

PT

outcomes in sepsis. Inflamm Res. 2017;66(7):611-619.

Figure Descriptions
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Figure 1. Study flow chart

Figure 2. Serum osmolality (mean, 95% confidence interval) in Emergency Department
patients with suspected sepsis that received either 10 mL/kg of 0.9% NaCl (Isotonic) or 5
mL/kg of 3% NaCl (Hypertonic) measured at baseline (T0), 1 hour after start of fluid
intervention (T1), and then 3 hours (T3) and 12-24 hours (T24) later. Asterisks denote
significant (P<0.05) differences between groups in change from T0.
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Figure 3. Fluid volumes (median, interquartile range) of 3% NaCl, 0.9% NaCl and all
crystalloid fluid delivered to Emergency Department patients with suspected sepsis that were
randomised to receive either 10 mL/kg of 0.9% NaCl (Isotonic) or 5 mL/kg of 3% NaCl
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(Hypertonic) between 0 and 1 hour.
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Table 1. Modified Sequential Organ Failure Assessment score scheme for Emergency
Department patients with suspected sepsis.
Criteria

Respiratory

Pa02/Fi02
Sp02/Fi02
Sp02

Cardiovascular Systolic blood
pressure (mmHg)

0

1

2

>400
>400
>94% on 0.21

<400
<400
>94% on 6 LPM

<300
<315
<90% on >6 LPM

SBP>90
at all times

SBP>90 after fluid
bolus >20mL/kg

SBP<90 despite
fluid bolus

Vasopressor

Dopamine ≤5

20

20-32

33-101

102

15

13-14

10-12

6

<110

110-170

171-300

GIT

Bilirubin (mol/L)

<20

CNS

GCS score

Renal

Creatinine (mol/L)

MA

NU

>150

<0.5 for 2 hours

ED

Abbreviations: CNS, central nervous system; GCS, Glasgow Coma Scale; GIT,
gastrointestinal; Fi02, inspired oxygen concentration; LPM, litres per minute of oxygen;

PT

Pa02, arterial partial pressure oxygen concentration; SBP, systolic blood pressure; Sp02 ,

CE
AC

Dopam
Noradren

50-99

Platelet count
(x109/L)

pulsatile blood oxygen saturation.

<2
<2
+ resp

100-150

Haematologic

Urine output
(mL/kg/hr)
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Organ system
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Table 2. Characteristics of Emergency Department (ED) patients with suspected sepsis
that received either 10mL/kg of 0.9% NaCl (Isotonic) or 5mL/kg of 3% NaCl
(Hypertonic).
Isotonic group

Hypertonic group

(n=31)

(n=34)

Age (years)

45 (39-52)

Male, n (%)

18 (58)

Body weight (kg)*

89 [75-95]

CCS

0 [0-1]

41 (35-47)

SC
RI
PT

Characteristic

Not infection

3 (10)

Suspected infection

9 (29)

Confirmed infection

19 (61)

Admission parameters

0.83

21 (62)

0.76

85 [70-95]

0.81

0 [0-1]

0.45

3 (9)

-

11 (32)

-

20 (59)

0.96#

102 (97-108)

0.58

NU

Discharge diagnosis, n (%)

P value

104 (97-111)

Respiratory rate (bpm)

21 (19-23)

22 (20-23)

0.50

Temperature (oC)

38.3 (37.9-38.7)

38.2 (37.8-38.6)

0.65

GCS

15 (15-15)

15 (15-15)

-

92 (86-98)

90 (86-95)

0.67

10.6 [8.9-14.0]

12.7 [10-17]

0.16

0 [0-1]

0 [0-1]

0.33

C-reactive protein (mg/mL)

97 [13-180]

99 [38-150]

0.91

Lactate (mmol/L)

1.5 [1.0-2.1]

1.4 [0.9-2.2]

0.96

Creatinine (µmol/L)

75 (69-81)

77 (70-84)

0.66

Time admit-to-fluid (mins)^

116 (90-133)

102 (88-117)

0.46

ED

MAP (mmHg)

AC

CE

PT

WBCC (x109/L)
SOFA score in ED

MA

Heart rate (bpm)

Data is presented as either median [Q1-Q3], mean (95% confidence interval) or number
(percentage). * Body weight was available for 26 in the isotonic group and 33 in the
hypertonic group. # Fisher’s exact test across groups. ^ Time from ED admission to
delivery of intervention fluid.
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Abbreviations: CCS, Charlson Comorbidity Score; GCS, Glasgow Coma Score; MAP, mean
arterial blood pressure; SOFA, sequential organ failure assessment; WBCC, white blood
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cell count.
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Table 3. Clinical variables (mean (95% confidence interval)) of Emergency Department
patients with suspected sepsis that received either 10mL/kg of 0.9% NaCl (Isotonic) or
5mL/kg of 3% NaCl (Hypertonic), measured at baseline (T0), 1 hour after start of fluid
intervention (T1), and then 3 hours (T3) and 12-24 hours (T24) later.

n

T0

n

Isotonic

30

104 (97-111)

30

Hypertonic

34

102 (96-108)

31

T1

n

T3

98 (92-104)

24

93 (87-100)

95 (89-102)

27

87 (87-99)
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Variable
Heart rate (bpm)

P value

0.80

Mean arterial pressure (mmHg)

0.85

30

92 (86-98)

30

87 (82-93)

24

86 (80-92)

Hypertonic

34

90 (86-95)

31

88 (82-94)

27

86 (80-91)

P value
Haemoglobin (g/L)

NU

Isotonic

0.43

0.88

30

143 (137-150)

25

133 (125-141)

17

139 (131-146)

Hypertonic

33

142 (137-147)

24

132 (127-137)

22

132 (127-137)

MA

Isotonic

0.95

0.86

ED

P value

AC

CE

PT

P values are for differences between groups in change from baseline.
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Table 4. Concentrations (geometric mean, 95% CI) of endothelial activation, glycocalyx
shedding and inflammation biomarkers in Emergency Department patients with
suspected sepsis that received either 10mL/kg of 0.9% NaCl (Isotonic) or 5mL/kg of 3%
NaCl (Hypertonic) measured at baseline (T0), 1 hour after start of fluid intervention
(T1), and then 3 hours (T3) and 12-24 hours (T24) later. Comparison between groups

SC
RI
PT

in change from T0 (fold change (95% CI) is also provided.

Biomarker concentration (geometric mean, 95% CI)

T1

P

1.5 (1.2-1.9)
1.4 (1.1-1.8)

1.2 (1.0-1.6)
1.4 (1.1-1.8)

2.0 (1.6-2.5)
2.0 (1.5-2.7)

0.8 (0.7-0.9)
1.0 (0.9-1.1)

0.012

5.9 (3.6-9.6)
4.8 (2.5-9.1)

14.7 (10.3-21.1)
20.2 (13.8-29.7)

15.3 (10.4-22.4)
11.8 (6.7-20.5)

26.0 (16.4-41.3)
15.2 (8.5-27.4)

2.5 (1.7-3.7)
3.9 (2.7-5.7)

0.11

65 (28-151)
48 (24-96)

38 (18-78)
36 (16-83)

0.8 (0.5-1.2)
0.9 (0.6-1.3)

0.73

41 (28-58)
23 (13-39)

47 (27-83)
23 (14-40)

50 (32-80)
28 (18-46)

1.0 (0.7-1.4)
1.1 (0.8-1.5)

0.79

1.9 (0.6-6.3)
0.5 (0.2-1.3)

1.3 (0.4-4.2)
0.5 (0.2-1.3)

0.7 (0.2-2.2)
0.8 (0.3-2.1)

0.4 (0.2-0.9)
0.5 (0.2-1.4)

0.7 (0.3-1.9)
0.9 (0.3-2.8)

0.72

114 (91-142)
109 (80-149)

103 (84-126)
100 (67-150)

119 (93-151)
95 (63-142)

144 (91-230)
167 (121-231)

0.9 (0.7-1.3)
0.9 (0.7-1.3)

0.94

31 (25-39)
36 (29-46)

28 (22-35)
34 (27-44)

33 (27-40)
31 (24-40)

42 (30-57)
42 (31-57)

0.9 (0.8-1.0)
1.0 (0.9-1.1)

0.45

2.2 (0.8-6.4)
0.3 (0.2-0.6)

1.9 (0.7-5.2)
0.4 (0.2-0.7)

0.9 (0.3-2.6)
0.4 (0.2-1.0)

2.1 (0.7-6.7)
0.3 (0.2-0.7)

0.9 (0.6-1.2)
1.1 (0.8-1.5)

0.32

ED

62 (32-120)
62 (31-125)

PT

CE

41 (25-66)
20 (12-34)

NU

T24

77 (39-153)
69 (36-133)

T3

1.4 (1.0-2.0)
1.5 (1.1-2.0)

MA

T1

AC

Syndecan-1
(ng/mL)
Isotonic
Hypertonic
Hyaluronan
(ng/mL)
Isotonic
Hypertonic
Interleukin-6
(pg/mL)
Isotonic
Hypertonic
Interleukin-8
(pg/mL)
Isotonic
Hypertonic
Interleukin-10
(pg/mL)
Isotonic
Hypertonic
NGAL
(ng/mL)
Isotonic
Hypertonic
Resistin
(ng/mL)
Isotonic
Hypertonic
sICAM-1
(μg/mL)
Isotonic
Hypertonic
sVCAM-1
(μg/mL)

T0

--------------------------- Fol
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Isotonic
Hypertonic

6.5 (2.2-19.5)
1.2 (0.6-2.7)

5.6 (2.0-16.2)
1.4 (0.6-3.1)

2.9 (1.0-8.3)
1.5 (0.6-3.4)

6.0 (1.8-19.3)
1.3 (0.6-2.6)

0.9 (0.6-1.2)
1.1 (0.8-1.4)

Abbreviations: NGAL, neutrophil gelatinase-associated lipocalin; sICAM-1, soluble
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intercellular adhesion molecule-1; sVCAM-1, soluble vascular adhesion molecule-1
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Table 5. Number of participants that received either 10mL/kg of 0.9% NaCl (Isotonic)
or 5mL/kg of 3% NaCl (Hypertonic) with organ failure detected in the Emergency
Department (ED) or on day 1 or 2 of hospitalisation. Organ failure for each category was
defined as a Sequential Organ Failure Assessment (SOFA) score >0.

Cardiovascular failure
Isotonic group
Yes
No
Hypertonic group
Yes
No
P value

0
27

0
27
0.014

1
21
0.46

3
24
0.69

2
25
0.026

4
18
0.32

5
22

7
19

2
17

5
22
-

7
20
0.93

3
19
0.76

2
25

2
24

1
18

5
22
0.22

6
21
0.13

3
19
0.36

MA

6
13

PT

CE

AC

Gastrointestinal failure
Isotonic group
Yes
No
Hypertonic group
Yes
No
P value

2
17

8
18

ED

4
23

Day 2

4
22

NU

2
25
0.091

Hematologic failure
Isotonic group
Yes
No
Hypertonic group
Yes
No
P value
Respiratory failure
Isotonic group
Yes
No
Hypertonic group
Yes
No
P value

Day 1
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PT

In ED
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Bolus therapy with 3% hypertonic saline or 0.9% saline in Emergency
Department patients with suspected sepsis: a pilot randomised controlled trial
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Highlights
 A bolus of hypertonic saline increased serum osmolality, compared to isotonic
saline
 Hypertonic saline did not reduce biomarkers of inflammation or endothelial
damage
 Isotonic saline was associated with development of later cardiovascular failure
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Figure 2

Figure 3

