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Abstract

Background: Normal saline (NS) and Ringer’s lactate (RL) are the most common crystalloids given to hospitalized patients.
Despite concern about possible harm associated with NS (eg, hyperchloremic metabolic acidosis, impaired kidney function, and
death), few large multicenter randomized trials focused on critically ill patients have compared these fluids. Uncertainty exists
about the effects of these fluids on clinically important outcomes across all hospitalized patients.

Objective: The FLUID tria is a pragmatic, multicenter, 2x2 cluster crossover comparative effectiveness randomized trial that
aimsto eval uate the effectiveness of ahospital-wide policy that stockseither NSor RL asthe main crystalloid fluid in 16 hospitals
across Ontario, Canada.

Methods: All hospitalized adult and pediatric patients (anticipated sample size 144,000 patients) with an incident admission to
the hospital over the course of each study period will be included. Either NS or RL will be preferentially stocked throughout the
hospital for 12 weeks before crossing to the alternate fluid for the subsequent 12 weeks. The primary outcome is a composite of
death and hospital readmission within 90 days of hospitalization. Secondary outcomes include death, hospital readmission,
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dialysis, reoperation, postoperative reintubation, length of hospital stay, emergency department visits, and discharge to a facility
other than home. All outcomes will be obtained from health administrative data, eliminating the need for individual case reports.
The primary analysis will use cluster-level summaries to estimate cluster-average treatment effects.

Results. The statistical analysis plan has been prepared “apriori” in advance of receipt of the trial data set from ICES and any
analyses.

Conclusions: We describe the protocol and statistical analysis plan for the evaluation of primary and secondary outcomes for

the FLUID trial.
Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2023;12:€51783) doi: 10.2196/51783

Clinical Trials.gov NCT04512950; https://classic.clinicaltrial s.gov/ct2/show/NCT04512950
DERR1-10.2196/51783
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Introduction

Crystalloid resuscitation fluids, including normal saline (NS)
and Ringer's lactate (RL), are among the most common
interventions administered in hospitalized patients[1,2]. These
fluids may be used as a life-saving measure to re-establish
hemodynamic stability, replace fluid losses, and maintain
intravascular volume,

In observational studies, NS has been associated with acute
renal injury as compared to RL and other balanced crystalloid
fluids, hypothesized to be due to higher chloride concentration
and resultant metabolic acidosis that can occur with NS
administration [3-5]. However, RL and other balanced
crystalloid fluids with buffers have the potential to cause
metabolic alkalosis [6,7] and theoretically, cause arrhythmias,
tetany, coma, and seizures [8-10]. The lactate in RL may
accumulate in the setting of liver failure and may influence
clinica diagnoses and clinical decision-making [11-13].
Moreover, RL has a lower osmolarity in comparison to NS;
when administered rapidly in large volumes, RL theoretically
reduces plasma osmolarity and increases the risk of edema
formation [14], which rai ses potential concern for patientswith
cerebral edema

Intotal, 2 large single-center multiple crossover trials conducted
in the intensive care unit (ICU) and the emergency department
(ED) among patientswho did not require admission to the ICU,
found that balanced crystalloid fluids as compared to NS were
associated with lower major adverse kidney events at 30 days,
which is a composite outcome of mortality, new rena
replacement therapy, or persistent renal dysfunction [2,15]. In
contrast, 2 large multicenter randomized trials (Balanced
Solution versus Saline in Intensive Care Study [BASICS];
Plasma-Lyte 148 versus Saline [PLUS]) [16,17] examined the
efficacy of NS as compared to a balanced crystalloid (RL and
Plasma-Lyte 148 respectively) on the primary outcome 90-day
mortality. Neither of these trials detected differencesin 90-day
mortality. In BASICS, the mortality rate was 22% versus 21.8%;
and in PLUS, mortality was 27.2% versus 26.4% in patients
receiving NS and RL, respectively. Renal function did not differ
between the fluid groupsin either trial, although the PLUS trial
was stopped early dueto recruitment challenges and insufficient
funding during the pandemic. In a systematic review of 35,884
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participants in 13 critical care trials published before January
2022, there were no detectable differencesin renal function. In
low-risk-of-bias trids, there was no significant difference in
mortality for the NS as compared to the balanced crystalloid
group (28.2% and 27.9% respectively; Relative Risk 0.96, 95%
Cl 0.91-1.01), nor renal function [15-28]. However, the authors
concluded that there is a high probability that balanced
crystalloids reduce degth since the Clsranged from a9% rel ative
reduction to a 1% relative increase in death.

Crystalloid fluids are administered to the majority of patients
admitted to the hospital and continued throughout their hospital
stay. To address ongoing uncertainty on this topic, and address
this evidence gap about fluid administered outside the ED and
ICU, we designed a cluster randomized crossover trial. Our
objective was to compare a hospital-wide strategy to
preferentially stock NS or RL as the main crystalloid
resuscitation fluid, aiming to have all admitted patients receive
the allocated crystalloid from the time they enter hospital to
hospital discharge, evaluating the primary composite outcome
of death or readmission to hospital in the first 90 days. The
design of the FLUID trial is novel because it involves a
pragmatic cluster randomized crossover design, a waiver of
patient informed consent to include all hospitalized patients,
hospital -based randomization, and the use of routinely collected
electronic health administrative data for the description of
baseline characteristics and al study outcomes. FLUID will
generate data at low risk of bias, providing key evidence about
the consequences of crystalloid fluid on clinically important
outcomes, and informing patient care and health care policy. It
will also provide insight into a novel approach to the conduct
of large pragmatic clinical trials.

This manuscript describes the protocol and statistical analysis
plan for the evaluation of primary and secondary outcomes for
the FLUID trial.

Methods

Overview

The protocol and feasibility results for the FLUID pilot trial
have been published [29,30]. The 4 pilot sites will be included
in the analysis of the large trial as only feasibility outcomes
have been previously reported and no major protocol changes
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were necessary following the pilot trial. The structure of this
protocol and statistical analysis plan (version 1.0; March 29,
2023) follows the SPIRIT (Standard Protocol Items:
Recommendations for Interventional Trials) Guidelines [31]
(see Multimedia Appendix 1 and Table 1) and Guidelines for

Shaw et al

the Content of Statistical Analysis Plansin Clinical Trials (see
Multimedia Appendix 2) [32]. The reporting of thetrial results
will follow the CONSORT (Consolidated Standards of
Reporting Trials) Statement’s extension for Cluster Trials [33]
and Randomized Crossover Trials[34], as applicable.

Table 1. SPIRIT (Standard Protocol Items: Recommendations for Interventional Trials) table.

Study period

Preallocation Postallocation

Time point Enrollment Allocation (0) Run-in(1 Period 1 Wash-out  Run-in (1 Period 2 Wash-out  Close-
(-t week) (12 weeks) (2weeks)  week) (12 weeks) (2weeks) out

Enrollment

Eligibility screen ad

Allocation O
Interventions

Fluid A

Fluid B
Assessments

Demographics ad

Case mix group O

O

Type of surgical ad-
mission

Surgical subgroup O

O

Severity of illness
Comorbidities ad
Primary outcome

Secondary outcomes

Trial Design

The study is a pragmatic, multicenter, 2x2 cluster crossover
comparative effectiveness randomized trial. A completed
PRECIS-2 table and wheel have been attached as Table S1 and
Figure S1 in Multimedia Appendix 3. We defined clusters as
hospital sites, allocated to one of two sequencesin al:l ratio.
The interventions are a hospital-wide strategy of stocking
predominantly NS (control) or RL (treatment) throughout the
hospital. FLUID is an open-label trial as the cost of blinding
the fluids is infeasible and prohibitively costly; this design is
in keeping with areal-world evaluation of NS and RL whereby
research isintegrated into clinical care.
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FLUID hastwo 15-week study periods. For each study period,
week 1 will serve as a run-in, weeks 2-13 (12 weeks) as the
study period during which all patients with index admissions
to the study hospital will be included for analysis. Weeks 14
and 15 are the run-out period during which time the study fluid
remains stocked in the hospital for use by patients admitted
during weeks 2-13; however, new patients admitted during
weeks 14 and 15 will not contribute to the analysis. After the
2-week run-out period, siteswill have 1 week to switch out the
study fluid and cross over to the period 2 study fluid. See Figure
1.
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Figurel. FLUID tria study design.
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Fluid B

Trial Population

Cluster Screening and Eligibility

Inclusion criteria for participating clusters include (1) level Il
or I11 ICU capacity [35] and (2) the admission of at |east 6000
patients per year to hospital. A list of included study sites will
beincluded in the main trial report.

Patient Screening and Eligibility

All admitted patients to participating study sites for the first
time (index hospital admission) over the duration of the study

https://www.researchprotocols.org/2023/1/e51783
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period will be included under a waiver of informed consent
obtained from the research ethics committee; only neonatal
patients (age <1 month) will be excluded as RL is not
recommended for usein this population [36]. Patients readmitted
to the hospital during study periods 1 or 2 and patients admitted
during the run-in or run-out study periodswill also be excluded.
An index admission is defined as a patient admission with no
prior hospital admission in the previous 90 days. CONSORT
flow diagram of participant recruitment is presented in Figure
2.
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Figure2. CONSORT (Consolidated Standards of Reporting Trials) flow diagram for participants.
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Randomization

The order of treatment all ocation for each hospital site (cluster)
will be randomly assigned using computer-generated random
numbers, using a permuted block design of length 2, at the
coordinating center. The allocation sequence will be prepared
by a statistician not familiar with the participating sites, which
will be randomized in a 1:1 ratio. Half of the sites will be
allocated to sequence 1 and begin the tria with NS as the

https://www.researchprotocols.org/2023/1/e51783
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control, while the other half will be allocated to sequence 2 and
begin the trial with RL as the treatment. Each site will cross
over to the other fluid after the 12-week study period. To control
for period effects, while balancing logistical considerations,
randomization will proceed in batches of 4 sites. Theallocation
seguence will be maintained on apassword-protected computer
and concealed from investigators until the next batch of sites
have been enrolled and are ready to receive their allocation.
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Approach to Safety

No serious adverse events were reported to the coordinating
center during the 4-center pilot trial. A Data and Safety
Monitoring Committee conducted areview of the datafrom the
4-center pilot trial, reporting no reason to suspect harm resulting
from either fluid. For the main trial, participating hospitals
monitor serious adverse eventsviaroutinely scheduled meetings
of safety committees or morbidity and mortality rounds. Site
Principal Investigators report to the coordinating center any
serious adverse event occurrence related to study fluid
administration.

Sample Size

A total of 16 hospital sites (including the4 pilot sites) will yield
data on approximately 144,000 hospital admissions. It required
12 sites in a 2-period cluster crossover trial over 6 months to
achieve 80% power with a 2-sided a of 0.05 to detect a
minimum clinically important absolute difference of 1% in the
primary outcomein favor of RL, assuming a proportion of 0.16
in the NS condition, a within-period intracluster correlation
coefficient of 0.006, acluster autocorrel ation coefficient of 0.95,
and an average of 1500 patients per hospital per month [37].
These estimates were calculated from available routinely
collected data for January 1 to December 31, 2013, for all
eligible hospitals across the province of Ontario, Canada. Our
cal culations account for nonadherence based on pilot data (94%
adherence NS, 80% RL ). We added 2 clusters as an approximate
small sample correction [38] and a further 2 to account for
cluster size variation [38], for afinal sample size of 16 sites.

Interim Analysis and Stopping Guidance

As arisk to participants in FLUID is minimal, and given the
delayed availability of data from the Ontario provincia health
administrative databases needed for outcome assessment, no
interim analyses are planned in the FLUID trial.

https://www.researchprotocols.org/2023/1/e51783
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Adherence and Protocol Deviations

Protocol adherencewill not be measured at theindividual patient
level. Adherence will be measured according to the aggregate
use of the study fluid throughout the hospital s using the hospital
inventory system. Adherence will be monitored at 2-week
intervals over the study period and reported according to each
study group across al participating hospitals, combined and
according to major fluid user groups in specific settings (ED,
surgery, medicine, operating room, ICU, postoperative
assessment unit, and obstetrics). Overall adherence will be
defined as the total use of the allocated study fluid divided by
the total combined use of NS and RL.

Participant Withdrawal

We will not be collecting individual patient-level data, as all
datawill be collected through the | CES provincial database. As
informed consent is not being sought, only clinically available
data are being analyzed, and no unique research data are being
collected, participants cannot withdraw from the study.

Participant Follow-Up

We anticipate near 100% follow-up since all clinical data and
outcome measures from participating sites in Ontario will be
available at ICES, except for a very small number of patients
who leave the province of Ontario within 90 days after
enrollment.

Data Sources

Data will be obtained and housed using Ontario’s
population-based health administrative databases at I CES. ICES
isan independent, nonprofit research ingtitute whose legal status
under Ontario’s health information privacy laws alows the
collection and analysis of health care and demographic data.
The data sets identified in Table 2 were linked using unique
identifiers and analyzed at ICES.
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Table 2. ICES data sources.

Shaw et al

Database Acronyms

Registered Persons Database RPDB

Discharge Abstract Database DAD

Ontario Mental Health Reporting System OMHRS

National Ambulatory Care Reporting System NACRS

Ontario Health Insurance Plan OHIP

Same Day Surgery SDS

Ontario Drug Benefit ODP

OHIPlab clams All OHIP billings have afee code

OHIP physician billings

Home Care Database

Complex and Continuing Care

National Rehabilitation System

Continuing Care Reporting System

Family Health Organization or Family Health Network Capitation

Long term care

National Ambulatory Care Reporting System visits to hospital outpatients clinics and dialysis clinics

National Ambulatory Care Reporting System visits to cancer clinics
New Drug Funding Plan chemotherapy drugs

Assistive Device program

beginning with “L”
N/A?

OACCACP HCD
CCRS

NRS

CCRS

FHO or FHN
N/A

NACRS
NACRS

NDFP

ADP

3N/A: not applicable.
POACCAC: Ontario Association of Community Care Access Centres.

Timing of Final Analysis

All follow-up and data collection for patients at the participating
sites will be captured by ICES. The approach to analysis will
be supervised by the study statistician and principal investigator;
however, thefinal analysiswill be conducted by an independent
statistician not involved as a coinvestigator in the FLUID trial.

Statistical Principles

Analytical Framework
All study outcomes will be tested for superiority.

Clsand P Values

All statistical tests will be 2-sided and performed using a 5%
significance level. We will report all Cls as 95% and 2-sided.
Results will be expressed as absol ute differences produced by
analyses described bel ow.

Analysis Populations

Our primary analysis will use the intention-to-treat approach
and will include al enrolled patientsin the treatment groupsto
which their cluster was randomized at the time of the index
hospitalization. Because true fluid exposure status is not
recorded in administrative databases, all admitted patients will
be included in the anaysis, regardless of actua fluid
administration.

https://www.researchprotocols.org/2023/1/e51783

Outcome Definitions

Primary Outcome

The primary outcome is a composite of death or readmission
to the hospital within 90 days of the index hospitalization.
All-cause death will be obtained at a patient level using the
Registered Persons Database, while hospital readmission will
be measured from Discharge Abstract Database (DAD). Cluster
randomized trials can address 2 types of estimands: the
participant-average or the cluster-average treatment effect [39].
Theformer estimatesthe effect of an intervention for an average
participant, whereasthe | atter estimates the effect for an average
cluster. In the FLUID trial, intervention exposure will be
unknown at the individual patient-level and the primary study
objective is to inform a decision by the heath system
stakeholder; thus, the primary estimand in the FLUID trial is
the cluster-average treatment effect. It is known that
cluster-average and participant-average treatment effects will
differ when cluster sizes are informative, meaning that either
the outcomes or treatment effects vary with cluster size. In the
FLUID trial, it is possible that treatment effects will vary
between larger or smaller hospitals, and thus, informative cluster
sizes cannot be ruled out. The statistical analysis plan was
therefore formulated to yield an unbiased estimate for the
cluster-average treatment effect in the presence of informative
cluster sizes.
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Secondary Outcomes

The secondary outcomes are 90-day death, hospital readmission
within 90 days of the index hospitalization, and requirement
for new diaysis within 90 days; and for surgical patients,
requirement for reoperation, postoperative reintubation in the
postoperative assessment unit, ED visitswithin 90 days, hospital
length of stay, and discharge to facility other than home. All
secondary outcomes will be obtained at the patient level from
DAD and National Ambulatory Care Reporting System.

Tertiary Outcomes

The tertiary outcomes relate to the health economic analyses
and include the incremental cost per one death averted and

https://www.researchprotocols.org/2023/1/e51783

RenderX

Shaw et al

incremental cost per one quality-adjusted life year (QALY)
gained.

Analysis Methods

Descriptive Analyses

Baseline data will be collected and summarized as means and
SDs for continuous variables or counts and percentages for
categorical variables as shown in Table 3. We will summarize
outcome data as cluster-period frequencies and proportions for
dichotomous primary and secondary outcomes and medians
with IQRsfor the length of stay. Outcome datawill be reported
by the treatment group.
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Table 3. Baseline characteristics.

Characteristic Total # index admissions Normal saline Ringer’s lactate
Sex, female, n (%)

Age (years), mean (SD)
Agegroup, n (%)
1 month to 18 years
>18to 65 years
>65 to 80 years
>80 years
Case mix group, n (%)
Medicine
Surgery
Pregnancy and childbirth
Mental health
Type of surgical admission, n (%)
Elective
Urgent
Surgical admission<24 hours
Surgical subgroups
Generdl
Thoracic
Cardiac
Vascular
Orthopedic
Obstetrical
Gynecological
Ear or Nose or Throat
Plastic
Urological
Neurosurgery
Trauma
Other
Severity of illness, n (%)
Admission to ICU?
Infection Alone and Infection and Organ Dysfunction

Infection Alone and Infection and Organ Dysfunction
and ICU admission

Trauma |SSP =12, n (%)
Trauma|SS=12+ICU
Traumatic brain injury, n (%)
Traumatic brain injury+ICU
Comorbidities
Elixhauser Comorbidity Score, mean (SD)

Elixhauser Comorbidities, n (%)
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Characteristic

Total #index admissions

Normal saline Ringer’s lactate

Diabetes, complicated

Hypertension, uncomplicated, and complicated
Cardiac arrhythmias

Solid tumor without metastasis

Fluid and electrolyte disorders
Diabetes, uncomplicated

Congestive heart failure

Metastatic cancer

Chronic pulmonary disease

Other neurological disorders
Peripheral vascular disorders
Coagulopathy

Valvular disease

Obesity

Renal failure

Paralysis

Liver disease

Alcohol abuse

Pulmonary circulation disorders
Depression

Deficiency anemia

Lymphoma

Drug abuse

Rheumatoid arthritis or collagen vascular diseases
Hypothyroidism

Weight loss

Psychoses

Blood loss anemia

Peptic ulcer disease excluding bleeding
AIDSor HIV

3 CU: intensive care unit.
biss: injury severity score.

Primary Analysesof the Primary and Secondary Outcomes

All analyses will be conducted according to recommendations
for cluster randomized crossover trials, accounting for clustering
to ensure correct type | error rates and Cls[38,40]. In the case
of a small number of clusters, mixed-effects regression and
generalized estimating equation approaches are known to not
performwell; analysisfor FLUID will, therefore, be performed
using cluster-level summaries. This method isknown to perform
well even with a very small number of clusters. Equal weight
will be given to each cluster to obtain unbiased estimates for
the cluster-average treatment effect. To implement the
cluster-level method, binary outcomes will be expressed as
proportions in each cluster-period and the differences

https://www.researchprotocols.org/2023/1/e51783

(proportion under RL minus proportion under NS will be
calculated for each cluster. These differences will then be
analyzed using an unweighted linear regression model as
described by Turner et al [41]. The t-distribution with degrees
of freedom equal to the number of clusters minus 2 will be used.
The intervention effect will be expressed as an absolute
difference with 95% CIl. To improve precision, the primary
analysis will account for the following patient risk factors as
fixed effect covariates: age, sex, comorbidity index, type of
hospital admission (medicine, surgery, pregnancy and childbirth,
and mental health), and admissions to ICU, using the 2-stage
method recommended by Hayes and Moulton [42]. Patient age
will be modeled using arestricted cubic spline to allow for the
possibility of a nonlinear association. Mean imputation within
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hospitalswill be used for missing baseline covariates. The same
approach and covariateswill be used for primary and secondary
outcomes. The 2-stage method will beimplemented asfollows:
(1) a multivariable regression model (logistic regression for
binary outcomes and linear regression for length of stay) with
the baseline characteristics as covariates but excluding the
treatment and cluster indicators will be fit to the individual
patient data in period 1 and period 2. Length of stay will be
log-transformed prior to analysis. We will use each regression
model to obtain predicted probabilitiesfor each binary outcome
and predicted length of stay for each patient. (2) For binary
outcomes, we will calculate the expected number of events by

Table4. Study outcomes.

Shaw et al

summing the predicted probabilities across all patients in that
cluster period; for length of stay, we will obtain the expected
mean length of stay by averaging across all patients in that
cluster period. (3) Wewill abtain residualsfor binary outcomes
by cal culating the observed number of events minusthe expected
number of events divided by the number of patients in the
cluster, and for length of stay by calculating the observed mean
minus the expected mean. To estimate the treatment effect, the
cluster-level method described above will then be applied to
theresiduals. Estimated intracluster correlation coefficientswill
also bereported [33]. The data presentationisindicated in Table
4.

Normal saline (control;

N=XXX)

Absolute difference P value

(95% Cl)

Ringer's lactate (treatment;
n=XXX)

Primary outcome, n (%)

Composite of death and hospital readmission
within 90 days of index admission

Secondary outcomes, n (%)
Death within 90 days of index admission

Readmission to the hospital within 90 days of in-
dex admission

New dialysis within 90 days of index admission

Requirement for postoperative intubation in the
postoperative assessment unit

Requirement for reoperation within 90 days of
index admission

ED?visit within 90 days within 90 days of index
admission

Hospital length of stay, median (IQR)

Discharge to afacility other than home

3ED: emergency department.

Subgroup Analyses

The primary outcome will be analyzed within the following
subgroups of patients who are at a higher risk for exposure to
fluids and with greater risk profiles and or severity of illness
than other patients. These include age (<18, 18 to <65, 66 to
<80, and >80 years); sex; type of hospital admission (medical,
surgical, pregnancy and childbirth, mental health); elective and
urgent or emergent surgical admissions, surgical admissions
<24 hours, surgical subgroups (as described in Table 3);
admission to ICU, infection alone and infection and organ
dysfunction, infection alone and infection and organ dysfunction
and ICU admission, trauma with injury severity score (1SS)
212, trauma with 1SS=12 and ICU admission, traumatic brain
injury, traumatic brain injury and ICU admission, and
comorbidity index (Elixhauser) [43]. These subgroup analyses
will be implemented without covariate adjustment and using
the cluster-level summary method as described for the primary
and secondary outcomes but applied to subgroup differences
within each cluster. Resultswill be presented using forest plots.

https://www.researchprotocols.org/2023/1/e51783

Sengitivity Analyses

Testing for carryover effectswill not be carried out asthe risks
of carryover were minimized in the design by alowing for a
wash-out period to alow most patients admitted in the first
period to complete their hospitalization before the hospital
crosses over and by only considering index hospitalizations.

Sensitivity analyses for primary and secondary outcomes will
exclude patientswho are extremely unlikely to receive the study
fluids (direct hospital admissionsto psychiatry), those who are
otherwise healthy (patientswho have vaginal and cesarean births
and elective surgical admissions <24 hours), and those who
may have been exposed to both types of study fluids (lengths
of stay spanning both FLUID study periods).

Cost-Effectiveness Analyses

We will conduct a cost-effectiveness analysis of RL and NS
from the perspective of the Canadian public health care payer
using a hybrid decision tree and Markov models. A decision
tree with a 90-day time horizon will be used to determine the
effects of each fluid on mortality, requirement for dialysis, and
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health system costs. Baseline characteristics will be based on
the concurrent trial. Surviving patients will enter a Markov
component of the model [44] in which outcomes and costs will
be modeled in annual cycles for the remainder of the patient’s
lifespan. Based on close consultations with coinvestigators, the
model structure will incorporate the long-term consequences
of fluid therapy; potential health stats may include dialysis-free,
dialysis, and death. In each Markov cycle patients could remain
in their existing health state, progress to the more severe state,
or die. Transition probabilities between health states will be
obtained from the concurrent trial and utility values will be
derived from the published literature. Direct health care costs,
such as physician costs and dialysis costs, will be derived from
provincia health administrative dataavailable at ICES and from
publicly available sourcesin Canada.

Themode outcomeswill includeincremental cost per one death
averted and incremental cost per one QALY gained. An annual
discount rate of 1.5% will be applied to both costs and health
outcomes, as recommended by Canada’s economic evaluation
guideline [45]. Scenario analyses will be conducted to assess
the impact of structural uncertainty and the uncertainty
associated with model assumptions on cost-effectivenessresults.
The model will be fully probabilistic and address parameter
uncertainty.

Missing Data

The prevalence of missing data is expected to be minimal as
outcomes will be obtained from ICES. Nevertheless, missing
data for each outcome will be summarized by the treatment
group. If substantial missingnessis observed (>10%), sensitivity
to missing data will be examined under a range of
missing-not-at-random scenarios by assuming first that all
patients with missing outcomes had the event of interest and
then that all patients with missing outcomes did not have the
event of interest.

Statistical Software

The statistical analyses will be performed with SAS (version
9.4; SAS Ingtitute) and R (R Foundation for Statistical
Computing).

Dissemination of Findings

Guided by a theory and evidence-informed dissemination
planning guide[46], the plan will be guided by the dissemination
objective, knowledge of user audiences, dissemination strategies
targeted to the audience, and the expertise required to deliver
the strategies and required resources. Knowledge user audiences
will certainly include health policy leads, heath system
managers, clinicians, patients and caregivers, and researchers.
Depending on the magnitude, strength, and nature of the
findings, the dissemination goals could range from increasing
awareness of the findings by interested parties to influencing
hospital policy and physician prescribing practices at the
provincial, national, and international levels. To reach
researchersand clinicians, we plan rapid open access publication
of our study results in a high-impact journal. We will hold
webinars to present and discuss our study results with hospital
administrators and clinicians in Ontario. We will reach out to
local and provincia social mediaand traditional mediatoinform
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the public, patients, and caregivers about our study findings. If
RL isfound to be superior to NS, then we will have a particular
dissemination focus on health policy and decision-makers to
encourage the switch to use these fluids in Ontario hospitals.
Finally, we will communicate and present our study findings
to the Council of Academic Hospitals of Ontario and plan to
host meetings targeted toward health policy decision-makers
and high-level hospital administrators (chief executive officers)
around the province of Ontario.

Ethical Consider ations

The FLUID Trial wasapproved at all participating sitesthrough
Clinical Trials Ontario (#0778) and the Queensway Carleton
Hospital Research Ethics Board (#16-05). Waivers of patient
consent were obtained to receive the study intervention and for
data collection from ICES, as the risks of study participation
are minimal, and requiring informed consent would render the
study infeasible.

Results

At the time of this submission, a total of 7 centers have
completed recruitment into FLUID. The statistical analysisplan
has been prepared “a priori” in advance of receipt of the tria
data set from ICES and any analyses.

Discussion

Theresults of thistrial will determine whether a hospital-wide
policy of stocking predominantly NS versus RL reduces the
composite of death and readmission to hospital, aswell asother
adverse secondary outcomes. We provide a detailed statistical
analysis plan which will reduce the risk of data-driven
approaches and biased interpretation and increase the
transparency of our analyses and results.

There are severa challenges related to the design and conduct
of the large FLUID trial. These include a risk of study fluid
contamination due to a lack of awareness of FLUID,
noncompliance to the study protocol, and carryover dueto the
crossover design. Hence, our team first conducted the FLUID
pilot trial in advance of the largetrial with the aim of evaluating
strategies to address these challenges [29]. In the pilot study,
we developed extensive center-specific communication plans
for multiple stakeholder groups (eg, chief executive officers,
hospital administrators, clinical managers, physicians, nurses,
trainees, and logistical services) for implementation inthelarge
trial. To maximize compliance with the study fluid, we
implemented (1) an automatic substitution order during thetrial
study periods for both paper and electronic orders with an
overrideif the treating physician indicates “ no substitution” in
the physicians' orders, (2) the hospital ward shelves were
stocked with at least 80% study fluid for the duration of the
study periods, (3) bright signage prominently placed where NS
and RL are stored to help remind nurses about the automatic
substitution, and (4) to have the other resuscitation crystalloid
fluid available only in small quantities on the clinical shelves.
Therisk of carryover (effect of study fluid on patientsincluded
in study period 1 carrying over to study period 2) is minimized
as the vast majority of patients will be different in each study
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period. The median length of hospital stay is 2 days (10th and
90th percentile 1 and 5.2 days, data derived from
FLUID-eligible sites using ICES data); the majority of
administered crystalloid resuscitation fluids occur during the
first few days of hospital admission; and only index admissions
will beincluded. Furthermore, a 2-week run-out between study
period 1 and the end of study period 2 will minimize the
occurrence of patients being exposed to 2 different kinds of
fluids during the same hospitalization.

Conclusions

We describe the protocol and statistical analysis plan for the
evaluation of primary and secondary outcomes for the FLUID
trial. FLUID will determine whether RL as compared with NS
reduces death or requirement for hospital readmission by an
absolute difference of 1%. In contrast to trials that have
generated evidence in specific populations with fluid
interventions limited to geographic locations in the hospital
(ICU, ED), the results of FLUID will apply broadly to patients
who are admitted throughout the hospital. As such, FLUID will

Shaw et al

provide important evidence-based guidance at the hospital and
system level as to what fluids could be predominantly stocked
for use throughout the hospital and the associated health care
resources required for such supply.

The results of FLUID will help define clinical practice for
physicians who care for patients admitted to the hospital
regardless of whether differences between the 2 fluid groupsin
the proposed clinical outcomes are found. The question of the
selection of optimal crystalloid fluid is, as evidenced by
contemporaneous studies on this theme, an international one,
and the results of FLUID will impact hospital management
practices around the world. Should FLUID reveal a difference
in clinical outcomes for patients, reflected in lives saved and
hospital admissions avoided, then one fluid will become the
dominant fluid stocked in centers, it may also result in
significant savings to the health care system through bulk
purchasing of onetype of fluid. If no differences arefound, then
the less expensive crystalloid fluid may become the dominant
fluid stocked in centers.

Acknowledgments

Parts of this material are based on data and information compiled and provided by Canadian Institute for Health Information and
the Ontario Ministry of Health. The analyses, conclusions, opinions, and statements expressed herein are solely those of the
authors and do not reflect those of the funding or data sources; no endorsement isintended or should be inferred. This study was
supported by the Canadian Institutes of Health Research (CIHR). The funding sources do not have any role in the design of the
study, the collection, analysis, and interpretation of data, or in writing the manuscript.

Data Availability

The data setsgenerated or analyzed during this study will not be publicly available asthistria used exclusively health administrative
data provided by ICES in the province of Ontario, Canada. The data sets generated and analyzed during the study are not publicly
available to protect study participant privacy.

Authors Contributions

JFS drafted the manuscript for this paper in close collaboration with LAM, MT, TM, and YO. All authors made substantial
contributions to the development of the manuscript and approved the final version of the manuscript. LAM, MT, and DAF are
the principal coinvestigators. M T is the senior statistician. YO isthe tria statistician.

Conflictsof Interest
None declared.

Multimedia Appendix 1

SPIRIT Checklist.
[DOCX File, 39 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Statistical Analysis Plan (SAP) Checklist.
[DOCX File, 26 KB-Multimedia Appendix 2]

Multimedia Appendix 3

PRECIS-2 Table and Whesl.
[DOCX File, 153 KB-Multimedia Appendix 3]

Multimedia Appendix 4
CIHR Peer-review Report.

https://www.researchprotocols.org/2023/1/e51783 JMIR Res Protoc 2023 | vol. 12| €51783 | p. 13

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=resprot_v12i1e51783_app1.docx&filename=8af5d3994429a960d49824fbb394573e.docx
https://jmir.org/api/download?alt_name=resprot_v12i1e51783_app1.docx&filename=8af5d3994429a960d49824fbb394573e.docx
https://jmir.org/api/download?alt_name=resprot_v12i1e51783_app2.docx&filename=fa023e263371b547c2ef7c943500e056.docx
https://jmir.org/api/download?alt_name=resprot_v12i1e51783_app2.docx&filename=fa023e263371b547c2ef7c943500e056.docx
https://jmir.org/api/download?alt_name=resprot_v12i1e51783_app3.docx&filename=3b84715fdcb8bccd965b1a155422022e.docx
https://jmir.org/api/download?alt_name=resprot_v12i1e51783_app3.docx&filename=3b84715fdcb8bccd965b1a155422022e.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Shaw et d

[PDE File (Adobe PDF File), 21 KB-Multimedia Appendix 4]

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Myburgh JA, Mythen MG. Resuscitation fluids. N Engl J Med 2013;369(13):1243-1251 [FREE Full text] [doi:
10.1056/NEJMral208627] [Medline: 24066745]

Self WH, Semler MW, Wanderer JP, Wang L, Byrne DW, Collins SP, SALT-ED Investigators. Balanced crystalloids
versussalinein noncriticaly ill adults. N Engl JMed 2018;378(9):819-828 [FREE Full text] [doi: 10.1056/NEJM 0al711586]
[Medline: 29485926]

Burdett E, Dushianthan A, Bennett-Guerrero E, Cro S, Gan TJ, Grocott MPW, et al. Perioperative buffered versus
non-buffered fluid administration for surgery in adults. Cochrane Database Syst Rev 2012;12:CD004089 [doi:
10.1002/14651858.CD004089.pub?] [Medline: 23235602]

Cortés DO, Bonor AR, Vincent JL. Isotonic crystalloid solutions: a structured review of the literature. Br J Anaesth
2014;112(6):968-981 [FREE Full text] [doi: 10.1093/bja/acu047] [Medline: 24736393]

Kawano-Dourado L, Zampieri FG, Azevedo LCP, Corréa TD, Figueiré M, Semler MW, et a. Low- versus high-chloride
content intravenous solutions for critically ill and perioperative adult patients: a systematic review and meta-analysis.
Anesth Analg 2018;126(2):513-521 [FREE Full text] [doi: 10.1213/ANE.0000000000002641] [Medline: 29189271]
Zhou F, Peng ZY, Bishop JV, Cove ME, Singbartl K, Kellum JA. Effects of fluid resuscitation with 0.9% saline versus a
balanced electrolyte solution on acute kidney injury in arat model of sepsis*. Crit Care Med 2014;42(4):e270-e278 [FREE
Full text] [doi: 10.1097/CCM.0000000000000145] [Medline: 24335444]

Yunos NM, Kim IB, Bellomo R, Bailey M, Ho L, Story D, et al. The biochemical effects of restricting chloride-rich fluids
inintensive care. Crit Care Med 2011;39(11):2419-2424 [doi: 10.1097/CCM.0b013e31822571€5] [Medline: 21705897]
Fitzgibbons LJ, Snoey ER. Severe metabolic alkalosis due to baking soda ingestion: case reports of two patients with
unsuspected antacid overdose. JEmerg Med 1999;17(1):57-61 [doi: 10.1016/s0736-4679(98)00123-1] [Medline: 9950389]
Mennen M, Slovis CM. Severe metabolic akalosisin the emergency department. Ann Emerg Med 1988;17(4):354-357
[doi: 10.1016/50196-0644(88)80781-9] [Medline: 2833137]

GawarammanalB, Coburn J, Greene S, Dargan PI, Jones AL . Severe hypokal aemic metabolic alkal osisfollowing ingestion
of gaviscon. Clin Toxicol (Phila) 2007;45(2):176-178 [doi: 10.1080/15563650600981160] [Medline: 17364637]

Todd SR, Malinoski D, Muller PJ, Schreiber MA. Lactated Ringer'sis superior to normal saline in the resuscitation of
uncontrolled hemorrhagic shock. J Trauma 2007;62(3):636-639 [doi: 10.1097/TA.0b013e31802ee521] [Medline: 17414340]
Hadimioglu N, Saadawy |, Saglam T, Ertug Z, Dinckan A. The effect of different crystalloid solutions on acid-base balance
and early kidney function after kidney transplantation. Anesth Analg 2008;107(1):264-269 [FREE Full text] [doi:
10.1213/ane.0b013e3181732d64] [Medline: 18635497]

Scheingraber S, Rehm M, Sehmisch C, Finsterer U. Rapid saline infusion produces hyperchloremic acidosisin patients
undergoing gynecologic surgery. Anesthesiology 1999;90(5):1265-1270 [FREE Full text] [doi:
10.1097/00000542-199905000-00007] [Medline: 10319771]

Butscher K, Jamali S, Talib R, Ravussin P, Poggi-Bach J, Ecoffey C. Effects of different loading solutions on plasma
osmolality. Ann Fr Anesth Reanim 1996;15(7):1037-1040 [doi: 10.1016/s0750-7658(96)89475-5] [Medline: 9180981]
Semler MW, Self WH, Wanderer JP, Ehrenfeld JM, Wang L, Byrne DW, SMART Investigators and the Pragmatic Critical
Care Research Group. Balanced crystalloids versus salinein critically ill adults. N Engl JMed 2018;378(9):829-839 [FREE
Full text] [doi: 10.1056/NEJM0a1711584] [Medline: 29485925]

Finfer S, Micallef S, Hammond N, NavarralL, Bellomo R, Billot L, PLUS Study Investigators and the Australian New
Zealand Intensive Care Society Clinical Trials Group. Balanced multielectrolyte solution versus salinein critically ill adults.
N Engl JMed 2022;386(9):815-826 [FREE Full text] [doi: 10.1056/NEJM 0a2114464] [Medline: 35041780]

Zampieri FG, Machado FR, Biondi RS, Freitas FGR, Veiga VC, Figueiredo RC, BaSICS investigators and the BRICNet
members. Effect of intravenous fluid treatment with a balanced solution vs 0.9% saline solution on mortality in critically
ill patients: the BaSICS randomized clinicd tria. JAMA 2021;326(9):1-12 [FREE Full text] [doi: 10.1001/jama.2021.11684]
[Medline: 34375394]

Waters JH, Gottlieb A, Schoenwald P, Popovich MJ, Sprung J, Nelson DR. Normal saline versus lactated Ringer's solution
for intraoperative fluid management in patients undergoing abdominal aortic aneurysm repair: an outcome study. Anesth
Analg 2001;93(4):817-822 [FREE Full text] [doi: 10.1097/00000539-200110000-00004] [Medline: 11574339]

Young JB, Utter GH, Schermer CR, Galante JM, PhanHH, Yang Y, et al. Salineversus Plasma-Lyte A ininitial resuscitation
of trauma patients: a randomized trial. Ann Surg 2014;259(2):255-262 [doi: 10.1097/SLA.0b013e318295feba] [Medline:
23732264]

VermaB, Luethi N, Cioccari L, LIoyd-Donald P, Crisman M, Eastwood G, et al. A multicentre randomised controlled pilot
study of fluid resuscitation with saline or Plasma-Lyte 148 in critically ill patients. Crit Care Resusc 2016;18(3):205-212
[Medline: 27604335]

Semler MW, Wanderer JP, Ehrenfeld JM, Stollings JL, Self WH, Siew ED, SALT Investigators* and the Pragmatic Critical
Care Research Group, SALT Investigators. Balanced crystalloids versus salinein theintensive care unit. the salt randomized

https://www.researchprotocols.org/2023/1/e51783 JMIR Res Protoc 2023 | vol. 12| €51783 | p. 14

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=resprot_v12i1e51783_app4.pdf&filename=a1c5fd16886ea61933e57e508fa005d4.pdf
https://jmir.org/api/download?alt_name=resprot_v12i1e51783_app4.pdf&filename=a1c5fd16886ea61933e57e508fa005d4.pdf
https://www.nejm.org/doi/10.1056/NEJMra1208627
http://dx.doi.org/10.1056/NEJMra1208627
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24066745&dopt=Abstract
https://europepmc.org/abstract/MED/29485926
http://dx.doi.org/10.1056/NEJMoa1711586
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29485926&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD004089.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23235602&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0007-0912(17)30783-3
http://dx.doi.org/10.1093/bja/aeu047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24736393&dopt=Abstract
https://journals.lww.com/anesthesia-analgesia/fulltext/2018/02000/low__versus_high_chloride_content_intravenous.26.aspx
http://dx.doi.org/10.1213/ANE.0000000000002641
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29189271&dopt=Abstract
https://europepmc.org/abstract/MED/24335444
https://europepmc.org/abstract/MED/24335444
http://dx.doi.org/10.1097/CCM.0000000000000145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24335444&dopt=Abstract
http://dx.doi.org/10.1097/CCM.0b013e31822571e5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21705897&dopt=Abstract
http://dx.doi.org/10.1016/s0736-4679(98)00123-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9950389&dopt=Abstract
http://dx.doi.org/10.1016/s0196-0644(88)80781-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2833137&dopt=Abstract
http://dx.doi.org/10.1080/15563650600981160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17364637&dopt=Abstract
http://dx.doi.org/10.1097/TA.0b013e31802ee521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17414340&dopt=Abstract
https://journals.lww.com/anesthesia-analgesia/fulltext/2008/07000/the_effect_of_different_crystalloid_solutions_on.42.aspx
http://dx.doi.org/10.1213/ane.0b013e3181732d64
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18635497&dopt=Abstract
https://pubs.asahq.org/anesthesiology/article-lookup/doi/10.1097/00000542-199905000-00007
http://dx.doi.org/10.1097/00000542-199905000-00007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10319771&dopt=Abstract
http://dx.doi.org/10.1016/s0750-7658(96)89475-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9180981&dopt=Abstract
https://europepmc.org/abstract/MED/29485925
https://europepmc.org/abstract/MED/29485925
http://dx.doi.org/10.1056/NEJMoa1711584
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29485925&dopt=Abstract
https://www.nejm.org/doi/10.1056/NEJMoa2114464
http://dx.doi.org/10.1056/NEJMoa2114464
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35041780&dopt=Abstract
https://europepmc.org/abstract/MED/34375394
http://dx.doi.org/10.1001/jama.2021.11684
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34375394&dopt=Abstract
https://journals.lww.com/anesthesia-analgesia/fulltext/2001/10000/normal_saline_versus_lactated_ringer_s_solution.4.aspx
http://dx.doi.org/10.1097/00000539-200110000-00004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11574339&dopt=Abstract
http://dx.doi.org/10.1097/SLA.0b013e318295feba
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23732264&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27604335&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Shaw et d

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.
43.

trial. Am JRespir Crit Care Med 2017;195(10):1362-1372 [ FREE Full text] [doi: 10.1164/rccm.201607-13450C] [Medline:
27749094]

Ratanart R. ESICM LIVES 2017 : 30th ESICM annual congress. september 23-27, 2017. Intensive Care Med Exp
2017;5(Suppl 2):44 [FREE Full text] [doi: 10.1186/s40635-017-0151-4] [Medline: 28933044]

Choosakul S, Harinwan K, Chirapongsathorn S, Opuchar K, Sanpgjit T, Piyanirun W, et a. Comparison of normal saline
versus lactated Ringer's solution for fluid resuscitation in patients with mild acute pancredtitis, a randomized controlled
trial. Pancreatology 2018;18(5):507-512 [doi: 10.1016/j.pan.2018.04.016] [Medline: 29754857]

Kunupakan S, Peerapornratana S, Musikatavorn K, Lumlertgul N, Thamrongsat N, PraditpornsilpaK, et al. The effect of
fluid resuscitation with Normal Saline Solution (NSS) versus Ringer's Acetate (RA) on renal function and host defensein
severe sepsig/septic shock patients: arandomized controlled trial. 2018 Presented at: The 34th Annual Meeting The Royal
College of Physiciansof Thailand; 26th-28th April 2018; Pattaya, Chonburi, Thailand URL: http://www.rcpt.org/abstractdb/
media/abstract/ CON2018/Free27 Nephrology/FPN_119_Sasithorn.pdf

GollaR, Kumar S, Dhibhar DP, Bhalla A, SharmaN. 0.9% saline v/s Ringer’s lactate for fluid resuscitation in adult sepsis
patients in emergency medical services: an open-label randomized controlled trial. Hong Kong J Emerg Med
2020;29(5):271-280 [FREE Full text] [doi: 10.1177/1024907920948983]

Ramanan M, Attokaran A, Murray L, Bhadange N, Stewart D, Rajendran G, SCOPE-DKA Collaborators and Queensland
Critical Care Research Network (QCCRN). Sodium chloride or Plasmalyte-148 evaluation in severe diabetic ketoacidosis
(SCOPE-DKA): acluster, crossover, randomized, controlled trial. Intensive Care Med 2021;47(11):1248-1257 [doi:
10.1007/s00134-021-06480-5] [Medline: 34609547]

Hammond NE, Zampieri FG, Di TannaGL, Garside T, Adigbli D, Cavalcanti AB, et al. Balanced crystalloids versus saline
in criticaly ill adults—a systematic review with meta-analysis. NEJM Evidence 2022;1(2):1-12 [FREE Full text] [doi:
10.1056/evidoa2100010]

Young P, Bailey M, Beasley R, Henderson S, Mackle D, McArthur C, SPLIT Investigators, ANZICS CTG. Effect of a
buffered crystalloid solution vs saline on acute kidney injury among patientsin the intensive care unit: the SPLIT randomized
clinical trial. AMA 2015;314(16):1701-1710 [FREE Full text] [doi: 10.1001/jama.2015.12334] [Medline: 26444692]
MclintyreL, Taljaard M, McArdle T, Fox-Robichaud A, English SW, Martin C, et al. FLUID trial: a protocol for a
hospital-wide open-label cluster crossover pragmatic comparative effectiveness randomised pilot trial. BMJ Open
2018;8(8):e022780 [FREE Full text] [doi: 10.1136/bmjopen-2018-022780] [Medline: 30139908]

Mclintyre LA, Fergusson DA, McArdle T, Fox-Robichaud A, English SW, Martin C, Canadian Critical Care Trials Group.
FLUID trial: a hospital-wide open-label cluster cross-over pragmatic comparative effectiveness randomised pilot trial
comparing normal saline to Ringer's lactate. BMJ Open 2023;13(2):e067142 [FREE Full text] [doi:
10.1136/bmjopen-2022-067142] [Medline: 36737087]

Chan AW, Tetzlaff J, Getzsche PC, Altman DG, Mann H, Berlin JA, et al. SPIRIT 2013 explanation and elaboration:
guidance for protocols of clinical trials. BMJ 2013;346:e7586 [FREE Full text] [doi: 10.1136/bmj.e7586] [Medline:
23303884]

Gamble C, Krishan A, Stocken D, Lewis S, Juszczak E, Doré C, et a. Guidelinesfor the content of statistical analysisplans
inclinical trials. JAMA 2017;318(23):2337-2343 [FREE Full text] [doi: 10.1001/jama.2017.18556] [Medline: 29260229]
Campbell MK, Piaggio G, Elbourne DR, Altman DG, CONSORT Group. Consort 2010 statement: extension to cluster
randomised trials. BMJ 2012;345:e5661 [FREE Full text] [doi: 10.1136/bmj.e5661] [Medline: 22951546]

Dwan K, Li T, Altman DG, Elbourne D. CONSORT 2010 statement: extension to randomised crossover trials. BMJ
2019;366:14378 [EFREE Full text] [doi: 10.1136/bm;.14378] [Medline: 31366597]

Intensive Care Society. Comprehensive Critical Care: A Review of Adult Critical Care Services. United Kingdom: Department
of Health; 2000.

Baxter Corporation. Lactated Ringer's Injection, USP in VIAFLEX Plastic Container. URL: https://dailymed.nim.nih.gov/
dailymed/fda/fdaDrugX sl.cfm?setid=dad7735c-709b-40ea-ab7a-15577€24a966 [accessed 2023-08-29]

Hooper R, Teerenstra S, de Hoop E, Eldridge S. Sample size calculation for stepped wedge and other longitudinal cluster
randomised trials. Stat Med 2016;35(26):4718-4728 [doi: 10.1002/sim.7028] [Medline: 27350420]

Forbes AB, Akram M, Pilcher D, Cooper J, Bellomo R. Cluster randomised crossover trialswith binary dataand unbalanced
cluster sizes: application to studies of near-universal interventions in intensive care. Clin Trials 2015;12(1):34-44 [doi:
10.1177/1740774514559610] [Medline: 25475880]

Kahan BC, Li F, Copas AJ, Harhay MO. Estimands in cluster-randomized trials: choosing analyses that answer the right
question. Int J Epidemiol 2023;52(1):107-118 [FREE Full text] [doi: 10.1093/ije/dyac131] [Medline: 35834775]

Morgan KE, Forbes AB, Keogh RH, Jairath V, Kahan BC. Choosing appropriate analysis methods for cluster randomised
cross-over trials with a binary outcome. Stat Med 2017;36(2):318-333 [doi: 10.1002/sim.7137] [Medline: 27680896]
Turner RM, White IR, Croudace T, PIP Study Group. Analysis of cluster randomized cross-over trial data: a comparison
of methods. Stat Med 2007;26(2):274-289 [doi: 10.1002/sim.2537] [Medline: 16538700]

Hayes RJ, Moulton LH. Cluster Randomised Trials, Second Edition. Boca Raton, FL: CRC Press; 2017.

Elixhauser A, Steiner C, Harris DR, Coffey RM. Comorbidity measures for use with administrative data. Med Care
1998;36(1):8-27 [doi: 10.1097/00005650-199801000-00004] [Medline: 9431328]

https://www.researchprotocols.org/2023/1/e51783 JMIR Res Protoc 2023 | vol. 12| €51783 | p. 15

(page number not for citation purposes)


https://europepmc.org/abstract/MED/27749094
http://dx.doi.org/10.1164/rccm.201607-1345OC
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27749094&dopt=Abstract
https://europepmc.org/abstract/MED/28933044
http://dx.doi.org/10.1186/s40635-017-0151-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28933044&dopt=Abstract
http://dx.doi.org/10.1016/j.pan.2018.04.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29754857&dopt=Abstract
http://www.rcpt.org/abstractdb/media/abstract/CON2018/Free27_Nephrology/FPN_119_Sasithorn.pdf
http://www.rcpt.org/abstractdb/media/abstract/CON2018/Free27_Nephrology/FPN_119_Sasithorn.pdf
https://journals.sagepub.com/doi/10.1177/1024907920948983
http://dx.doi.org/10.1177/1024907920948983
http://dx.doi.org/10.1007/s00134-021-06480-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34609547&dopt=Abstract
https://evidence.nejm.org/doi/pdf/10.1056/EVIDoa2100010
http://dx.doi.org/10.1056/evidoa2100010
https://jamanetwork.com/journals/jama/fullarticle/2454911
http://dx.doi.org/10.1001/jama.2015.12334
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26444692&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=30139908
http://dx.doi.org/10.1136/bmjopen-2018-022780
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30139908&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=36737087
http://dx.doi.org/10.1136/bmjopen-2022-067142
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36737087&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=23303884
http://dx.doi.org/10.1136/bmj.e7586
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23303884&dopt=Abstract
http://hdl.handle.net/20.500.11820/324e1652-6ee9-4857-964b-d203d7337583
http://dx.doi.org/10.1001/jama.2017.18556
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29260229&dopt=Abstract
https://www.bmj.com/content/345/bmj.e5661
http://dx.doi.org/10.1136/bmj.e5661
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22951546&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=31366597
http://dx.doi.org/10.1136/bmj.l4378
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31366597&dopt=Abstract
https://dailymed.nlm.nih.gov/dailymed/fda/fdaDrugXsl.cfm?setid=dad7735c-709b-40ea-ab7a-15577e24a966
https://dailymed.nlm.nih.gov/dailymed/fda/fdaDrugXsl.cfm?setid=dad7735c-709b-40ea-ab7a-15577e24a966
http://dx.doi.org/10.1002/sim.7028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27350420&dopt=Abstract
http://dx.doi.org/10.1177/1740774514559610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25475880&dopt=Abstract
https://europepmc.org/abstract/MED/35834775
http://dx.doi.org/10.1093/ije/dyac131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35834775&dopt=Abstract
http://dx.doi.org/10.1002/sim.7137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27680896&dopt=Abstract
http://dx.doi.org/10.1002/sim.2537
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16538700&dopt=Abstract
http://dx.doi.org/10.1097/00005650-199801000-00004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9431328&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Shaw et d

44. BriggsA, Sculpher M. An introduction to Markov modelling for economic evaluation. Pharmacoeconomics
1998;13(4):397-409 [doi: 10.2165/00019053-199813040-00003] [Medline: 10178664]

45. Canadian Agency for Drugs and Technologiesin Health (CADTH). Guidelines for the Economic Evaluation of Health
Technologies. Ottawa, Canada: Canadian Coordinating Office for Health Technology Assessment; 2017.

46. Guideto Knowledge Translation Planning at CIHR: Integrated and End-of-Grant Approaches. Ottawa, Canada: Canadian
Institutes of Health Research; 2012.

Abbreviations

BASICS: Baanced Solution versus Saline in Intensive Care Study
CONSORT: Consolidated Standards of Reporting Trials

DAD: Discharge Abstract Database

ED: emergency department

ICU: intensive care unit

ISS: injury severity score

NS: normal saline

PLUS: PlasmaLyte 148 versus Saline

QALY: quality-adjusted life year

RL: Ringer'sLactate

SPIRIT: Standard Protocol Items: Recommendations for Interventional Trials

Edited by A Mavragani; The proposal for this study was peer-reviewed by: Canadian Institutes of Health Research (CIHR/IRSC),
Canada. See the Multimedia Appendix for the peer-review report; Submitted 12.08.23; accepted 24.08.23; published 06.10.23.

Please cite as:

Shaw JF, Ouyang Y, Fergusson DA, McArdle T, Martin C, Cook D, Graham ID, Hawken S McCartney CJL, Menon K, Saginur R,
Seely A, Siell |, Fox-Robichaud A, English S Marshall J, Thavorn K, Taljaard M, Mclntyre LA, Canadian Critical Care Trials Group
A Hospital-Wde Open-Label Cluster Crossover Pragmatic Comparative Effectiveness Randomized Trial Comparing Normal Saline
to Ringer’s Lactate: Protocol and Satistical Analysis Plan of The FLUID Trial

JMIR Res Protoc 2023;12:€51783

URL: https://www.researchprotocols.org/2023/1/e51783

doi: 10.2196/51783

PMID: 37801356

©Julia F Shaw, Yongdong Ouyang, Dean A Fergusson, Tracy McArdle, Claudio Martin, Deborah Cook, lan D Graham, Steven
Hawken, Colin JL McCartney, Kusum Menon, Raphael Saginur, Andrew Seely, lan Stiell, Alison Fox-Robichaud, Shane English,
John Marshall, Kednapa Thavorn, Monica Tajaard, Lauralyn A Mclntyre, Canadian Critical Care Trials Group. Originally
published in IMIR Research Protocols (https.//www.researchprotocol s.org), 06.10.2023. Thisis an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in IMIR Research
Protocols, is properly cited. The complete bibliographic information, a link to the original publication on
https.//www.researchprotocols.org, as well as this copyright and license information must be included.

https://www.researchprotocols.org/2023/1/e51783 JMIR Res Protoc 2023 | vol. 12| €51783 | p. 16
(page number not for citation purposes)

RenderX


http://dx.doi.org/10.2165/00019053-199813040-00003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10178664&dopt=Abstract
https://www.researchprotocols.org/2023/1/e51783
http://dx.doi.org/10.2196/51783
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37801356&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

