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AbstrAct
Introduction Observational evidence suggests 
physiological benefits and lower mortality with lower 
chloride solutions; however, 0.9% saline remains the most 
widely used fluid worldwide. Given uncertainty regarding 
the association of lower chloride on mortality, it is unlikely 
that practice will change without direct randomised clinical 
trial (RCT) evidence. This pilot RCT will investigate the 
feasibility of a large-scale trial directly comparing low 
chloride with high chloride fluids in patients with septic 
shock.
Methods and analysis This is a randomised, concealed, 
blinded parallel-group multicentre pilot trial. We will 
include adult critically ill patients with septic shock, 
defined as ongoing hypotension despite 1 L of fluid, or 
a serum lactate >4 mmol/L, who are within 6 hours of 
hospital presentation or rapid response team activation. 
We will exclude patients if they have an aetiology of 
shock other than sepsis, if they have acute burn injury, 
elevated intracranial pressure, intent to withdraw life 
support or previous enrolment in this or a competing trial. 
Following informed consent, patients will be randomised 
to a low chloride fluid strategy or a high chloride fluid 
strategy for the duration of their ICU stay or until 30 
days postrandomisation. Clinicians, patients, families 
and research staff will be blinded. The primary outcome 
for this trial will be feasibility, assessed by consent rate, 
recruitment success and protocol adherence. Patient-
important clinical outcomes include mortality, receipt of 
renal replacement therapy, intensive care unit and hospital 
lengths of stay and surrogate outcomes of incidence of 
acidosis, hyperkalaemia and acute kidney injury.
Ethics and dissemination This pilot trial will test the 
feasibility of conducting the main trial, which will examine 
the effect of high versus low chloride fluids in patients with 
septic shock on patient-important outcomes.
Trial registration number NCT02748382, registered 8 
April 2016.
Protocol date 1 July 2016.

Background
In addition to antimicrobials, replacement of 
intravascular fluid is the mainstay of treatment 
for patients with septic shock to maintain 
organ perfusion and oxygen delivery to the 

periphery.1 Several fluid solutions, catego-
rised as either crystalloids or colloids, are 
available for resuscitation. Each fluid has 
unique properties, including tonicity, pH and 
osmolality, depending on its specific electro-
lyte and molecular composition.2 The most 
commonly used isotonic crystalloid world-
wide is 0.9% normal saline (saline) which 
contains a supraphysiological concentration 
of chloride. Some other isotonic crystal-
loid solutions contain an organic anion (eg, 
lactate, maleate, acetate) and therefore have 
a lower chloride content more closely resem-
bling that of human plasma (eg, Ringer’s 
Lactate and Ringer’s Acetate).

Colloids, in contrast, contain large-mo-
lecular weight compounds that remain in 
the intravascular space for a longer period 
of time. A potentially crucial factor rarely 
considered is the chloride content of the crys-
talloid in which a specific colloid is dissolved.3 
The clinical effects of hyperchloraemia 
resulting from intravenous fluid replacement 
are unclear. A before-and-after single-centre 
observational cohort study showed a decrease 
in renal failure in patients receiving low 
chloride fluids compared with high chlo-
ride.4 Results from a network meta-analysis 
(NMA) of randomised controlled trials 
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Protocol

Strengths and limitations of this study

 ► Pragmatic design as clinicians may prescribe 
either crystalloids or albumin fluid types as they 
would normally as part of practice, patients will 
receive fluid with chloride content corresponding to 
allocated study arm.

 ► Focus specifically on patients with septic shock and 
those at high risk for large volume fluid resuscitation.

 ► Given the goals of feasibility, we will not be able to 
make conclusions related to efficacy from this pilot 
randomised controlled trial.
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(RCTs) including indirect evidence suggested balanced 
crystalloids may result in lower mortality (NMA OR 0.78; 
95% credible interval (CrI) 0.58 to 1.05) and a decreased 
receipt of renal replacement therapy (NMA OR 0.85; 95% 
CrI 0.56 to 1.30) relative to saline; however, the evidence 
warranted only low certainty.5 A cluster randomised cross-
over pilot trial from four intensive care units (ICUs) in 
New Zealand found no difference in acute kidney injury 
(AKI) when comparing low chloride (Plasma-Lyte) with 
high chloride crystalloid (0.9% saline); however, patients 
had low APACHE II scores (mean 14.1), received only 
a small amount of study fluid (median 2 L throughout 
the trial period) and this pilot trial was underpowered to 
detect modest treatment effects.6 

Given the residual uncertainty regarding the effect of 
using high versus low chloride fluids in sepsis, and that 
saline remains the most widely used fluid worldwide, a 
large RCT is necessary to investigate the effect of using 
different fluids patient important outcomes such as 
mortality and AKI. Herein, we report the protocol for the 
Fluids in Septic Shock (FISSH) Pilot Trial, the objective of 
which is to evaluate the feasibility of performing a larger 
RCT examining this question.

MeThods
design
This is a randomised, concealed, blinded parallel-group 
multicentre pilot trial. The primary outcome is feasi-
bility, assessed by three outcomes: consent rate (>70%), 
recruitment success (50 patients total at the three centres 
and greater than one patient enrolled/site/month) and 
protocol adherence (receipt of study fluid for >75% of 
all intravenous fluids administered in the ICU excluding 
blood products and medication infusions). We plan to 
enrol patients at three Canadian University-affiliated 
academic teaching hospitals. The Juravinski Hospital asso-
ciated with McMaster University in Hamilton, Ontario, 
Centre Hospitalier Universitaire de Sherbrooke associ-
ated with Sherbrooke University in Sherbrooke, Quebec 
and Sinai Health System associated with the University 
of Toronto. The study will be conducted through collab-
oration with the Canadian Critical Care Trials Group 
(CCCTG), a network of investigators and research coor-
dinators who conduct investigator-initiated research.

Population
We will include patients who are: (1) >16 years of age; 
(2) require fluid resuscitation for refractory hypotension 
(systolic blood pressure <90 mm Hg or mean arterial 
blood pressure <65 mm Hg after 1 L bolus over ≤1 hour) 
or organ hypoperfusion (serum lactate >4 mmol/L); (3) 
suspected to have infection as the aetiology of hypoten-
sion; (4) within 6 hours of hospital admission or critical 
care response team consultation and (5) admitted to ICU.

Patients will be excluded if they have intracranial bleed 
or intracranial hypertension during this hospital admis-
sion, acute burn injury (>10% of body surface area), 

bleeding/haemorrhage as likely cause of hypotension, a 
plan in place to change goals of care to palliation, were 
previously enrolled in FISSH or a competing trial, have 
been transferred from another hospital or facility, were 
admitted directly from the operating room or postanaes-
thetic care unit.

eligible non-randomised patients
We will record all patients who were eligible but not 
randomised for any of the following reasons: (1) patient 
or substitute decision-makers (SDM) declined consent; 
(2) patient is unable to consent and SDM is not available; 
(3) ICU physician declined enrolment and (4) any other 
reasons.

Informed consent
We have obtained research ethics board (REB) approval 
at each of the participating centres. Given the need to 
enrol patients in an expedited manner, the fact that most 
patients will not be capable of providing consent at the 
time of study entry and that both the experimental and 
control study fluids are currently considered the standard 
of care, we will use a deferred consent model. Patients will 
be enrolled in the study and consent will subsequently 
be obtained from the SDM or the patient, or both, in a 
timely manner (ideally within 72 hours). Precedent for a 
deferred consent model exists in a study examining the 
use of emergency resuscitative fluids in Canadian centres.7

randomisation and allocation concealment
Once the research coordinator has identified an eligible 
patient, she/he will use the web-based system www.
RANDOMIZE.NET to randomise patients. Patients will 
undergo concealed randomisation, stratified by centre, in 
a 1:1 schedule to either the lower chloride fluids group or 
the higher chloride fluids group. The web-based system 
will generate email alerts to the local research pharmacist 
and the blood bank with information regarding patient 
allocation. The pharmacist and transfusion specialist 
will then ensure the study patients receive their assigned 
study fluid. Research coordinators and the bedside clin-
ical team will not be aware of allocation.

experimental procedures
Enrolled patients will be allocated to either a high or low 
chloride fluid strategy. Within the allocation, clinicians 
may order crystalloid or albumin as they normally would 
in routine clinical practice, the decision regarding which 
to administer will be left to the clinician’s discretion. Only 
once ordered by the clinical team, study patients will 
receive fluid (either crystalloid or albumin) with a chlo-
ride content corresponding to their allocated arm. The 
allocated fluid will be administered immediately after 
randomisation, continued until discharge from the ICU, 
death or until 30 days after enrolment, whichever comes 
first. Patients will receive the allocated fluid type for both 
resuscitation and maintenance infusions. Blood products 
and fluids used for medication infusions will be recorded 
but will not be protocolised.

www.RANDOMIZE.NET
www.RANDOMIZE.NET
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Given that most clinicians use crystalloids as the initial 
resuscitation fluid in patients with septic shock, 1 L bags 
of study crystalloid will be readily available on carts in rele-
vant patient care areas. Once a patient is randomised, the 
cart containing crystalloids consistent with their allocated 
group will be left close to the patient’s room to facilitate 
administration by the bedside nurse. Saline of 0.9% will 
be used as crystalloid for those randomised to high chlo-
ride fluid (chloride concentration 154 mmol/L) while 
Ringer’s Lactate will be used as crystalloid for those in the 
low chloride arm (chloride concentration 110 mmol/L).

Plasbumin 5% (Grifols, chloride concentration 
110 mmol/L) will be used as the low chloride albumin 
and Octalbin 5% (Octapharma, chloride concentra-
tion 137 mmol/L) will be used as the high-chloride 
albumin. The blood bank at each centre will receive a 
list of enrolled patients and their allocation, and this list 
will be updated each time a new patient is enrolled. The 
appropriate albumin solution, blinded in appearance to 
chloride content, will be supplied to the patient care area 
for infusion only when prescribed by the bedside physi-
cian. All albumin products have Health Canada approval 
for patient use and are available at all Canadian hospitals 
through order from Canada Blood Services.

Open-label crystalloid or albumin products will not be 
permitted in the ICU except as explicitly ordered by the 
treating physicians. Research coordinators will document 
all open-label fluid use, their indications and reasons for 
protocol non-adherence. All other aspects of patient care 
will be left to the discretion of the treating physicians. 
After 30 days in ICU or on discharge from the ICU, physi-
cians will use open-label fluid at their discretion.

Blinding
Patients, families and all bedside clinicians (nurses, allied 
health providers and physicians) will be blinded to study 
allocation. All study fluids, whether containing a lower 
or higher chloride concentration will be identical in 
appearance, consistency and packaging except for the 
identifying serial number found on the individual label. 
Bags of saline and Ringer’s Lactate look identical and the 
product label will be covered with opaque study labels or 
opaque tape (see online supplementary material). The 
5% albumin bottles also appear identical between the 
two manufacturers and will be covered by opaque bags 
and tape to ensure the blinding of bedside staff. Local 
pharmacy and blood bank staff will ensure that patients 
receive their allocated fluid and thus will not be blinded. 
We will also ensure blinding of research staff, site investi-
gators, outcome adjudicators and data analysts.

outcomes
Consent rate—we will consider the consent rate adequate 
if more than 70% of SDMs or patients when approached 
for consent choose to participate. This will be calculated 
as the proportion of SDMs or patients approached who 
consent. Given our plan for deferred consent, there will 
be some lag time between study enrolment and consent. 

Research coordinators will be supplied with consent 
scripts and employ consent tools developed by our 
group.8 If a patient or SDM chooses to withdraw consent, 
the data collected up until that point will be retained for 
the analysis under the original REB-approved deferred 
consent model. Reasons for declining to participate will 
be recorded. The study steering committee will regularly 
review the consent rate, and, if necessary, barriers will be 
discussed and interventions undertaken to improve the 
consent rate.

Recruitment—successful recruitment will be defined as 
achieving enrolment of 50 patients total and greater than 
one patient enrolled/site/month. All excluded patients, 
eligible non-randomised patients (including physician 
refusals and reasons) will be recorded. Screening logs 
will be reviewed from the three participating centres 
by the steering committee on a monthly basis to deter-
mine whether any modifications to the protocol might 
be warranted or to address implementation challenges if 
needed. Barriers to enrolment will be discussed, and if 
necessary, strategies to improve enrolment will be oper-
ationalised.

Protocol adherence—successful adherence will be 
defined as patients receiving at least 75% study fluid of 
all intravenous fluid administered in the ICU excluding 
blood products and medication infusions. This threshold 
was chosen based on discussion within the steering 
committee and after examining other pilot studies of 
complex interventions.9 10 Strategies will be employed a 
priori to facilitate compliance. As described above, crys-
talloid study carts will be prepared, stocked regularly 
and left in a convenient location for nurses and physi-
cians, selected with input from bedside staff. Fluids will 
be labelled with complex serial numbers corresponding 
to each patient’s allocated study arm to help avoid 
unblinding. Research coordinators will document all 
fluids that patients receive including protocol violations. 
A taxonomy of reasons for non-adherence will be devel-
oped to distinguish deviations for clinical reasons from 
true protocol violations. The steering committee will 
conduct regular review of protocol adherence. Protocol 
violation reports will be sent to each centre throughout 
the feasibility trial to provide real-time feedback; further 
behavioural strategies will be employed to improve adher-
ence if needed.

Clinical outcomes—Clinical outcomes in the FISSH 
pilot trial will reflect outcomes for the main trial which 
will include: hospital mortality, RRT use for AKI during 
30-day period postrandomisation (including continuous 
renal replacement therapy or conventional haemodi-
alysis), proportion of patients with RIFLE stage renal 
failure,11 30-day mortality, ICU and hospital length of 
stay (censored at 30 days), ventilator-free days in the 
first 30 days postrandomisation and safety outcomes 
(acidosis and electrolyte imbalance postrandomisa-
tion).

https://dx.doi.org/10.1136/bmjopen-2017-017602
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sample size calculation
Sample size for the pilot was calculated using a 95% CI 
approach examining protocol adherence. The feasi-
bility threshold (75%) and an expected adherence rate 
(95%) were determined a priori. Using a power of 80%, 
if the observed adherence rate is 95% we will be able 
to exclude 75% adherence or lower using a sample 
size of at least 47 patients. To be conservative, we will 
plan for 50 patients (approximately 25 per study arm). 
This number of patients will allow us to assess the three 
feasibility objectives including recruitment parameters 
according to our a priori feasibility outcomes in a cost-ef-
fective manner.

data collection
Trained research staff at each centre will collect the data. 
Staff will complete paper case report forms (CRFs) which 
they will transcribe into web-based e-CRFs (REDCap 
– http://www. project- redcap. org) that are encrypted 
and password protected. All CRFs will be pretested and 
edited for clarity and ease of use prior to the trial initia-
tion (see online supplementary material). Baseline data 
will include eligibility criteria, baseline demographics, 
admitting diagnosis, APACHE II admission score and 
multiple organ dysfunction score (MODS). While 
patients remain in the ICU, daily data collection will 
include MODS, haemodynamics, ventilator require-
ments, all fluid administered (including study, non-study 
and blood products), use of renal replacement therapy 
and other relevant bloodwork. Cointerventions will also 
be captured including administration of vasopressors/
inotropes, corticosteroids, bicarbonate and diuretics. We 
will also document length of stay in the ICU and hospital, 
ICU readmission and mortality.

The web-based eCRFs will allow for data validation, real-
time consistency checks and frequent audits to ensure 
entered data are complete and accurate. The paper 
CRFs will be retained at each centre for any queries. The 
Methods centre will be responsible for managing the 
database and quality assurance using anomaly searches 
and logic checks. Timely data entry at each centre will be 
encouraged by the Methods centre to minimise missing 
data and ensure timely resolution of queries. CRFs will 
be kept for the duration as required by local regulatory 
bodies.

data analysis
Analysis of the three feasibility outcomes does not require 
analysis by group. Clinical outcomes will not be analysed 
by study arm to avoid overinterpretation; instead, clinical 
outcomes will be presented as means or proportions in 
both arms combined. No interim analysis or subgroup 
analyses are planned for this pilot trial.

We intend to run this as an internal pilot and roll 
these patients into the main FISSH trial pending funding 
and meeting feasibility targets. For the main FISSH 
trial, a blinded biostatistician will perform all analyses 
based on the intention-to-treat principle. The baseline 

characteristics comparing balanced fluid and unbalanced 
fluid groups will be reported using means (and SD), 
medians (and interquartile ranges) or proportions as 
indicated. Dichotomous outcomes will be reported using 
OR and 95% CIs and calculated using logistic regression. 
Non-parametric testing, the Mantel-Cox log rank test, 
will be used for the continuous outcomes of ICU length 
of stay, hospital length of stay and ventilator-free days 
given when the data are not normally distributed. These 
continuous variables will be censored at 90 days. An inde-
pendent t-test will be used to compare the means of the 
safety outcomes (serum K, serum pH) between the two 
groups and mean difference with 95% CIs and p values 
will be reported. A p value <0.05 will be considered statis-
tically significant for all outcomes.

dIscussIon
Current evidence suggests that albumin and crystalloid, 
but not starches, represent reasonable choices for fluid 
resuscitation in sepsis.1 Previous studies evaluating resus-
citative fluids have limited the intervention to single 
fluid types in each experimental arm, which is a study 
design that is incongruent with real-life practice. The 
FISSH protocol reflects a design that is novel yet prac-
tical, overcoming the applicability limitation of prior 
trials by allowing physicians to prescribe either colloid 
or crystalloid in the ICU, as they perceive is clinically 
indicated. The chloride content of both types of fluid 
will, however, correspond to their randomly allocated 
group, either higher or lower chloride. This unique 
design will allow physicians the flexibility to prescribe 
albumin or crystalloid, decrease the chance of contam-
ination with non-trial fluid, maximise the applicability 
of the results, maximise the extent to which results will 
influence clinical practice and increase the likelihood of 
successful trial completion.

Before embarking on a larger RCT comparing 
low-chloride with high-chloride fluids for patients with 
septic shock that is adequately powered to evaluate 
patient-important outcomes, a pilot trial is necessary. 
Our biggest perceived threat to the feasibility of this 
pilot trial is protocol adherence. We have taken as many 
a priori steps as possible to enhance protocol adher-
ence including preprinted study order sets, educational 
sessions with bedside staff and convenient bedside fluid 
carts to facilitate study fluid administration. Results of 
this pilot trial will demonstrate whether it is possible to 
deliver the trial interventions as outlined. Achieving our 
threshold consent rate will demonstrate that the trial is 
acceptable to patients, families and clinicians. Finally, 
recruitment parameters will help to estimate the number 
of centres, period of time and resources that may be 
needed for efficient conduct of the main trial.

Despite a large body of literature, practice regarding 
fluid administration in septic shock remains varied 
and controversial.12–16 Study investigators in consulta-
tion with the Canadian Critical Care Trials Group will 

http://www.project-redcap.org
https://dx.doi.org/10.1136/bmjopen-2017-017602
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consider the results of the FISSH pilot trial, along with 
any other emerging external evidence (NCT02721654, 
NCT02875873), to plan the sample size of the trial 
powered to detect effects on clinically important outcomes. 
Despite these similar planned studies, we believe our trial 
is unique given our focus on sepsis only, the inclusion 
of albumin into the allocated chloride strategy and the 
enrolment of a sick cohort at high risk for mortality and 
multiorgan failure. The larger FISSH trial has the poten-
tial to inform the management of patients with sepsis and 
septic shock worldwide.
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