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Background: The optimal choice of fluid therapy for patients with diabetic ketoacidosis (DKA) is un-
certain, though preliminary data suggest that buffered crystalloid solutions (Plasma-Lyte® 148) may
offer some advantages over 0.9% saline.
Objective: To describe the study protocol for the ‘Balanced Electrolyte Solution versus Saline Trial for
Diabetic Ketoacidosis’ (BEST-DKA) trial.
Design, setting and participants: BEST-DKA is a Phase 3 cluster-crossover, blinded, pragmatic,
randomised, controlled trial comparing the effects of saline or buffered crystalloid solution in patients
with moderate to severe DKA treated in the emergency department and/or intensive care unit at
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twenty hospitals in Australia. Each hospital will be randomised to use either saline or buffered crystalloid
solution for a period of 12 months before crossing over to the alternate fluid for the next 12 months. The
blinded study fluid will be used for all resuscitation and maintenance purposes for included patients.
Main outcome measures: This cluster-randomised, crossover randomised controlled trial (RCT) has been
designed with the aim of enrolling a minimum of 400 patients, which will provide >91.4% power to
detect a 2-day increase in the primary outcome, days alive and out of hospital to day 28, chosen with
consumer representation. Secondary outcomes include quality of life and fatigue scores at day 28,
intensive care unit and hospital lengths of stay, acute kidney injury, and time to resolution of DKA. All
analyses will be conducted on an intention-to-treat basis. A prespecified statistical analysis plan will be
developed prior to interim analysis.
Results and conclusion: The BEST-DKA trial commenced enrolment in March 2024 and should generate
results that will determine whether treatment with Plasma-Lyte® 148, compared with saline, results in
increased days alive, and out of hospital to day 28 for patients with moderate or severe DKA.

© 2025 The Authors. Published by Elsevier B.V. on behalf of College of Intensive Care Medicine of
Australia and New Zealand. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Diabetic ketoacidosis (DKA) is a life-threatening complication of
diabetes mellitus, described in patients with both type 1 diabetes,
and type 2 diabetes.1 There are >7000 patients hospitalised
annually in Australia alone with DKA.2 Data from the Australian
Institute of Health and Welfare suggest that between 2009 and
2015, there has been a 21% increase in the hospitalisation amongst
young people with DKA.2 The incidence of intensive care unit (ICU)
admission for DKA in Australia has increased 5-fold from 0.97/
100,000 in 2000 to 5.3/100,000 in 2013.3 There were 2849 and
2862 ICU admissions with DKA in 2019 and 2020, respectively.4

Patients with DKA present with hyperglycaemia, severe dehy-
dration and a high anion gap metabolic acidosis due to the accu-
mulation of ketoacids in the plasma. Intravenous fluid replacement
and insulin therapy remain cornerstones of therapy. The therapeutic
goals of fluid management are directed at correcting dehydration
andhypovolaemia over the first 24e48 h, reducing serumosmolality
and plasma glucose concentrations towards normal levels,
improving glomerular filtration rate to enhance ketone clearance,
correcting electrolyte imbalances (such as avoiding hypokalaemia),
and limiting the risk of complications such as cerebral oedema.5e8

Current international guidelines recommend 0.9% sodium
chloride (saline) as the replacement fluid of choice, although no
robust data from randomised controlled trials (RCTs) support these
recommendations.7e10 The rationale for using saline is based on
historical and anecdotal preferences, its efficacious restoration of
the circulating volume and improvement of tissue perfusion. There
is substantial variability in practice, which is reflective of the lack of
high-quality RCT data.11e14

However, if saline is administered rapidly and volumes greater
than 2L as typically seen in DKA,15,16 the nonphysiologic chloride
concentration of saline as compared to plasma (154 vs 100mmol/L)
leads to hyperchloraemia, which can further worsen the metabolic
acidosis.17 This cohort study also demonstrated that the incidence
of hyperchloraemic acidosis progressively increases from 6% at the
start of DKA treatment to 94% after 20 h of treatment.17

A high serum chloride concentration may have other important
adverse effects.18 A meta-analysis of high chloride vs low chloride
fluid resuscitation in perioperative and critical care patients re-
ported that 0.9% saline was associated with a higher risk of acute
kidney injury (AKI), metabolic acidosis and increased duration of
mechanical ventilation.19 A recent individual-patient-data Bayesian
meta-analysis demonstrated 82% probability of reduced need for
renal replacement therapy for critically ill patients treated with
balanced solution compared to saline.20
Balanced crystalloid solutions, such as Plasma-Lyte® 148, have
sodium and chloride concentrations that more closely approxi-
mate human plasma.21 The use of Plasma-Lyte® 148 as fluid
therapy for patients with DKA, compared to 0.9% saline, may have
several benefits, including lower risk of hyperchloraemic acidosis,
faster resolution of metabolic acidosis and shorter ICU and hos-
pital stay while maintaining similar normalisation of blood
glucose and ketones.22e24 A subgroup analysis of two cluster-
randomised trials showed that patients treated with balanced
crystalloid solutions, compared to saline, had significantly shorter
time to DKA resolution and time on intravenous insulin infusion,
while other outcomes, such as ICU- and hospital-free days, were
similar.23 A Phase-2 cluster-crossover RCT showed that treatment
with Plasma-Lyte® 148 resulted in a significantly shorter time to
resolution of metabolic acidosis and trends towards shorter ICU
and hospital length of stay.22 A meta-analysis of eight RCTs
demonstrated that in addition to shorter time to DKA resolution,
lower serum chloride, and higher serum bicarbonate, treatment
with balanced crystalloids resulted in significantly shorter hos-
pital length of stay.24

However, there have been no large, adequately powered rand-
omised trials that demonstrate clinically meaningful benefits in
patient-important outcomes with the use of Plasma-Lyte® 148
compared to 0.9% saline for patients with DKA.

To address this evidence gap, we have designed the
‘Balanced Electrolyte Solution versus Saline Trial for Diabetic
KetoAcidosis (BEST-DKA)'. The primary hypothesis is that in
patients admitted to a critical care area with moderate to se-
vere DKA, fluid therapy with Plasma-Lyte® 148, compared with
0.9% saline, will lead to increased days alive and out of hos-
pital to day 28 postenrolment.

2. Methods

2.1. Trial management

The BEST-DKA trial is an investigator-initiated trial sponsored by
The George Institute for Global Health. It is funded by grants from
the Medical Research Future Fund (MRFF2030670), Emergency
Medicine Foundation, Queensland (EMPJ-271R39-2023-KEIJZERS),
Diabetes Australia (Y24M1-RUSA), and an unrestricted grant from
Baxter Healthcare to fund the production and delivery of blinded
trial fluid. Neither the sponsor nor any of the funders have had any
input into trial design and conduct. They will not have any role in
analysis, interpretation, and manuscript writing once the trial
recruitment has completed.

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
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BEST-DKA is endorsed by the Australia New Zealand Intensive
Care Society Clinical Trials Group. It was prospectively registered on
clinicaltrials.gov (NCT05752279). This protocol is reported accord-
ing to the Standard Protocol Items: Recommendations for Inter-
ventional Trials (SPIRIT) statement 2013.25

2.2. Ethics and consent

Ethics approvalwas granted by theMetro NorthHumanResearch
Ethics Committee ‘A’ (approval number: HREC/2022/MNHA/91605;)
with waiver of consent for enrolment of participants based on Sec-
tion 2.3.10 of the National Statement on Ethical Conduct in Human
Research.26 Briefly, the waiver was requested on the basis that pa-
tients with moderate to severe DKA are often unable to provide
informed consent at the time of presentation due to the severity of
the acute illness, and they require time-critical resuscitation, which
includes substantive volumes of intravenous fluids. It would be
considered entirely unethical towithholdfluids in this circumstance,
and thus we requested awaiver of consent to include patients in the
study and provide fluids as per the study allocation.

Written informed consent for the use of any data and the day 28
follow-up will be obtained from the patient or their surrogate de-
cision maker prior to hospital discharge. Patients, or their surrogate
decision-makers, will also be given the opportunity to freely
withdraw from the study. Where consent to continue participation
is declined or withdrawn, usual care is provided, and no patient
data are obtained, unless specific consent to do so is obtained.

2.3. Trial design

BEST-DKA is a multicentre, blinded, cluster-crossover trial con-
ducted in 20 Australian hospitals, consisting of two consecutive 12-
month intervention periods with a one-month inter-period gap.

Each hospital is a single cluster, with all patients admitted with
moderate to severe DKA to that hospital's emergency department
(ED) during the intervention periods potentially eligible for
Fig. 1. Study fl
inclusion in the trial. After the first 12-month intervention period,
during which recruited patients will receive either Plasma-Lyte®
148 or 0.9% saline in a blinded fashion, according to the allocation
schedule, there will be a one-month inter-period gap during which
patients will not be recruited into the trial. Following this, each
hospital will change to using the alternative fluid for the second 12-
month intervention period (Fig. 1).

2.4. Participants

Adult patients (age � 18 years) will be eligible for enrolment
into BEST-DKA if they meet all the inclusion and none of the
exclusion criteria listed in Table 1. The American Diabetes Associ-
ation criteria for moderate and severe DKA will be used to identify
the study population, which includes blood glucose>14 mmol/L,
pH < 7.25, serum bicarbonate<15 mmol/L, anion gap>12 mmol/L,
and positive ketones on capillary blood.27

A critical care area for the purpose of this trial will include ICUs as
defined by the College of Intensive Care Medicine of Australia and
New Zealand,28 or a high acuity area within an emergency depart-
ment (ED) where higher-level supports, including invasive moni-
toring, frequent blood gas analyses, andother resuscitativemeasures
can be provided. Practically, thismay include environments such as a
resuscitation bay, or other appropriately monitored area.

2.5. Allocation and randomisation

Participating hospitals will be randomised using randomly
generated computer tables, generated by the trial statistician, in a
1:1 ratio. Each hospital is blinded to the study fluid allocated for
each intervention period. All critical care areas within each hospital
will be part of the same cluster.

Potential participants will be identified and screened by ED or
ICU clinicians for study eligibility. A screening log will be kept to
monitor recruitment and report the size of the patient population
from which eligible patients have been recruited. All patients who
owchart.

http://clinicaltrials.gov


Table 1
Inclusion and exclusion criteria.

Inclusion criteria

- Patients in the ED with a primary diagnosis of moderate to severe DKA as defined by:
� Blood glucose level >14 mmol/L
� pH < 7.25
� Serum bicarbonate <15 mmol/L
� Elevated anion gap >12 mmol/L
� Ketones positive on finger prick measurements

- In the judgement of the treating clinician, both saline and Plasma-Lyte are considered appropriate fluids
- In the judgement of the treating clinician critical care area admission is required

Exclusion criteria

- Age less than 18 years
- Patients who have received more than 2000 mL of nonstudy fluid prior to study enrolment
- Serum sodium concentration >155 or <120 mmol/L (uncorrected)
- Contraindication to either study fluid e.g. previous allergic reaction to Plasma-Lyte® 148
- Patients with hyperosmotic hyperglycaemic nonketotic syndrome
- Other clinical conditions that preclude large volumes of fluid resuscitation
- Previous inclusion in BEST-DKA trial within the last 28 days

ED-emergency department; DKA-diabetic ketoacidosis; BEST-DKA- ‘Balanced Electrolyte solution versus Saline Trial for Diabetic KetoAcidosis’.

Fig. 2. Blinded study fluid.
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were admitted to the ED at participating hospitals meeting all the
inclusion criteria and no exclusion criteria will be enrolled in the
study. Enrolment will be via a password-protected, encrypted web-
based interface. Each enrolled patient will be assigned a unique
‘patient study number’. Each participant will receive the study fluid
allocated to the particular hospital for that timeframe, either
Plasma-Lyte 148 or 0.9% saline.

2.6. Study interventions and procedures

BEST-DKA study fluids will be started whilst the participant is in
the ED. The study treatments will be supplied in identical 1000 mL
bags with standardised fluid administration sets without revealing
the fluid type. Both fluids are colourless, clear solutions and
macroscopically indistinguishable. Both participants and study in-
vestigators will be blinded to study treatment allocation.

Both study fluids are manufactured by Baxter Healthcare Pty Ltd
(Old Toongabbie, New South Wales, Australia) and will be labelled
as ‘BEST-DKA Fluid (A or B)’, packed and distributed by the com-
pany directly to the study sites in periodic shipments. Study fluid
will be coded and labelled in compliance with applicable
regulations and in a manner that protects the blinding. The two
study fluids will be presented in identically labelled fluid bags,
which will be indistinguishable to clinicians (Fig. 2).

Management of fluid storage and allocation will be determined
on a site-by-site basis and designed to maximise protocol adher-
ence and avoid both wastage and unintended use of nonstudy
fluids. Study fluids must be stored below 30 C.

The volume and rate of blinded study fluid administered will be
determined by the treating clinician. Study treatments will be
started immediately following study enrolment and continue until
discharge from a critical care area or for a maximum of 72 h,
whichever is earlier. If patients are readmitted to the critical care
area within 72 h with a relapse of ketoacidosis, clinicians will use
open-label fluids for the managements of ketoacidosis. Glucose-
containing solutions can be administered as required for blood
glucose or ketosis management. The use of bicarbonate therapy and
the need for potassium, phosphate, and magnesium supplemen-
tation will be at the discretion of the treating clinician and data on
their use will be collected.

Other crystalloid fluids may be used as carrier fluids for the
infusion of any drug for which either Plasma-Lyte® 148® and/or
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0.9% saline is considered incompatible; in such instances, 5%
glucose should be used whenever possible.

Aside from the study treatment, patient management will be at
the discretion of the treating clinicians, who will be free to provide
whatever medical care is deemed best and necessary for the
patient.

If patients, whilst still receiving study fluids, undergo a surgical
intervention, it will be recommended that blinded trial fluid be
continued during that period. Where specific intravenous fluid
solutions become clinically indicated, the appropriate fluid will be
allowed by the protocol as directed by the treating clinicians. All
study and nonstudy fluids administered will be recorded.

2.7. Data collection and management

Study participants will be followed-up for 28 days from enrol-
ment into the study (Fig. 3).

Data collection will be conducted by trained staff at each
participating site and will be entered into RedCap29,30 electronic
case report forms with data stored on secure servers at The George
Institute for Global Health. Information collected will include
eligibility criteria at enrolment, baseline patient demographics
and clinical data. During the first 72 h in a critical care area, in-
formation on daily physiological parameters, biochemistry, and
treatment will be collected. At 28 days after enrolment, informa-
tion on vital status, hospital readmissions, quality-of-life using the
EuroQOL EQ-5D-5L questionnaire,31 and fatigue using the Modi-
fied Fatigue Score,32 will be obtained via email or telephone. A
screening log will be maintained at each participating site to re-
cord patients who were admitted with DKA but were considered
ineligible.
Fig. 3. Study assessments schedule. HR-heart rate; BP- blood pressure; RR-respiratory rate
ICU- intensive care unit; EQ-5D-5L- EuroQOL five dimension five level scale.
2.8. Outcomes

Days alive-and-out-of-hospital up to 28 days (DAH-28) after
study enrolment will be the primary outcome. A consumer repre-
sentative was involved in the selection of this patient-centred
primary outcome. In DKA, the primary determinants of clinical
recovery from illness are the resolution of acidosis and correction of
dehydration. In discussion with our consumer representative, a
shorter length of hospital stay is an important patient-centred
outcome, as this would not only reflect improving physical health
but also have a positive psychosocial impact. This is particularly
relevant to people living with type 1 diabetes, as hospitalisation is
typically associated with diabetes distress.33 This outcome has also
been endorsed by the Australia New Zealand Intensive Care Society
Clinical Trials Group as a patient-centred outcome for use in critical
care clinical trials.34

All outcomes and their definitions are listed in Table 2.
2.9. Sample size calculations

There were 20 clusters (i.e., hospitals) in each interventional
period at the start of the trial, with a further two clusters added
during the first interventional period due to lower than expected
recruitment in some clusters. Based on Phase II data from the
SCOPE-DKA trial,22 the average enrolment per cluster is expected to
be 10e12 patients per 12-month intervention period. Over the 2
periods, 20e24 patients per cluster are expected to be enrolled,
generating an anticipated sample size range between 400 and 480
patients. The final sample will be determined by the actual number
of patients admitted and enrolled in each cluster.
; GCS- Glasgow coma score; APACHE-acute physiology and chronic health evaluation;



Table 2
Outcomes.

Primary outcome

Days alive and out of hospital to day 28 after study enrolment
Calculated as 28 minus the total number of days spent as an inpatient in any hospital during the first 28 days from the date of study enrolment. This includes the index

hospital admission and any hospital readmissions during the 28-day follow-up period. Patients who die during the 28-day follow-up period will be assigned ‘0’. Any
part of a day spent as an inpatient in a hospital will count as one day.

Secondary outcomes

Days alive and out of ICU up to 28 days after study enrolment
Calculated as 28 minus the total number of days spent as an inpatient in any ICU during the first 28 days from the date of study enrolment. This includes days spent in ICU

during the index hospital admission and during any hospital readmissions during the 28-day follow-up period. Patients who die during the 28-day follow-up periodwill
be assigned ‘0’. Any part of a day spent as an inpatient in an ICU will count as one day.

ICU and hospital readmissions up to 28 days after study enrolment (number of readmissions)
Acute kidney injury assessed by comparing serum creatinine using Kidney Disease: Improving Global Outcomes (KDIGO) criteria35 (number of patients in each category)
Episodes of postrandomisation unsedated decrease in Glasgow Coma Score (GCS) by more than 2 in the first 24 h (number of episodes)
Time to resolution (<1 mmol/L) of ketosis (hours)
Cumulative insulin dosage in the first 48 h (units)
Duration of intravenous insulin infusion in the ICU (hours)
Cumulative potassium replacement in the first 48 h (mmol)
Proportion of patients with hypokalaemia (serum potassium concentration <3.5 mmol/L)
Quality of life 28 days after study enrolment as measured by the EuroQoL 5D-5L31 instrument
Modified fatigue score32 28 days after study enrolment

Process measures

Serum acetoacetate and b-hydroxybutyrate concentrations at 6, 12, 24, and 48 h
Serum base excess at 6, 12, 24, and 48 h
Serum sodium, potassium, and chloride concentration at 6, 12, 24, and 48 h

Tertiary outcome

Cost-effectiveness analysis
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Based on data from our Phase II study (mean days alive and out
of the hospital to day 28 ¼ 21.4 days, SD 6.46 in 0.9% saline group
and 23.3 days, SD 3.86, in Plasma-Lyte® 148 group), we have at
least 90% power to identify a difference of þ2.0 DAH-28 for the
Plasma-Lyte® 148 group versus the 0.9% saline group, if we enrol
between 400 and 480 patients.

These calculations are based on a level of alpha ¼ 0.05 and
assume an exchangeable correlation structure with an intra-
cluster coefficient of 0.01. This study size allows for a potential
withdrawal and loss to follow-up rate of 1% (based on the
recently completed large-scale ICU trials36) with negligible effect
on study power.

2.10. Statistical analysis

All analyses will be conducted on an intention-to-treat basis
using standard statistical methods for continuous and categorical
data. The primary outcome will be analysed using a mixed model
considering the cluster effect, number of times patients are
enrolled, and sequence allocation. Time to hospital discharge will
be analysed using a survival analysis with death as a competing
risk (and robust standard errors at cluster level). Predefined
subgroups will include Type I vs Type II diabetes, severity of
acidosis defined by admission pH of 7.00e7.25 or pH < 7.0 and by
volume and type of open-label prerandomisation fluids. Pre-
specified hypotheses and underlying rationale for the subgroups
are presented in Table 3. Analyses will be based on complete-
case sets, but a multiple imputation approach to deal with
missing data will be considered according to the magnitude and
patterns of missing data. A statistical analysis plan will be
finalised, published, and be publicly available before database
lock.

We will undertake an updated systematic review and meta-
analysis and collaborate with other investigator groups for an in-
dividual patient data meta-analysis.
2.11. Cost-effectiveness analysis

The primary cost-effectiveness analysis will be conducted from
the Australian healthcare payer's perspective using a within-trial
analytical time horizon of 28 days. We will calculate incremental
cost-effectiveness ratios, including the cost per hospital bed day
saved and the cost per ICU bed day saved for Plasma-Lyte® 148
compared to 0.9% saline. Assessment of resource use will be
restricted to the index hospital admission. We will calculate the
cost of hospital admissions using data on ICU and hospital length of
stay using published Australian data. To increase the robustness of
the sampling distribution, we will use nonparametric boot-
strapping with unrestricted random sampling to produce cost and
effectiveness replications, and confidence intervals for the cost-
effectiveness ratios.

2.12. Interim analysis

All adverse events thought to be related to the study treatment
will be reported to the coordinating centre (The George Institute for
Global Health). These will be recorded in the study database and
reported to the Data Safety Management Committee (DSMC). The
DSMC will be independent from the coordinating centre and the
investigators and will perform a review of predefined safety pa-
rameters, study outcomes, and overall study conduct.

The DSMC is comprised of experts in clinical trials, endocri-
nology, biostatistics, and critical care. One interim analysis will be
conducted by the DSMC at the end of the first study period after all
patients enrolled have completed their 28-day follow-up. Addi-
tional analyses and safety reviews will be performed at the
discretion of the DSMC. A DSMC charter has been developed based
on the ‘DAta MOnitoring Committees: Lessons, Ethics, Statistics’
statement37 outlining roles, responsibilities, reporting, communi-
cation, and stopping rules for harm, benefit and futility, and has
been signed by the chairperson and all members of the DSMC.



Table 3
Prespecified subgroup analyses.

Category Subgroups Hypothesis Rationale

Severity of acidosis Admission pH < 7.00 vs
pH 7.00e7.25

Patients with pH < 7.00 will have greater benefit
with Plasma-Lyte® 148

Patients with more severe acidosis may benefit more
from the alkalinising effect of Plasma-Lyte® 148

Diabetes type Type 2 vs type 1
diabetes

Patients with type 2 diabetes will have greater
benefit with Plasma-Lyte® 148

Patients with type 2 diabetes tend to be older, have
more comorbidity, more renal dysfunction, and hence
tendency towards more severe acidosis

Type of pre-enrolment
fluid

Saline vs buffered salt
solutions

Patients treated with pre-enrolment saline will
have worse outcomes than those treated with
Plasma-Lyte® 148

Patients treated with pre-enrolment saline will tend
to have more hyperchloraemic acidosis

Volume of pre-
enrolment saline

�1L of saline vs <1L of
saline as pre-enrolment
fluid

Patients treated with larger volumes of pre-
enrolment saline will have worse outcomes than
those treated with Plasma-Lyte® 148

Patients treated with larger volumes of pre-
enrolment saline will tend to have more
hyperchloraemic acidosis
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2.13. Monitoring

The coordinating centre is responsible for taking all reasonable
steps to ensure proper conduct of the clinical trial protocol. The
George Institute for Global Health will provide all aspects of trial
management, operations, and monitoring.

The coordinating centre monitor/s will visit each study site on
multiple occasions during the recruitment phase to evaluate
compliance with study protocol, Good Clinical Practice guidelines,
and other regulatory requirements. The study may be audited by
local or national regulatory authorities. Source documents and all
study files will be made available at study sites for monitoring and
auditing purposes. Source data verification by trained monitors for
all informed consent forms and for the primary outcome and pro-
tocol compliance on 10% of all patients will be carried out. The
coordinating centre team will conduct regular remote monitoring
on the web-based database by applying validation and consistency
rules and with regular data cleaning to ensure the integrity of the
study data.
2.14. Close out

At the completion of the study, there will be plans for long-term
storage of study data and source documents for 15 years, as per the
ethics approval. The study fluids will be reconciled and disposed of,
as per standard procedures at the individual sites.
2.15. Current status

The BEST-DKA trial commenced recruitment on 14/03/2024 and
is enrolling participants at the expected rate.
2.16. Summary

BEST-DKA is an investigator-initiated, multicentre, blinded,
cluster-crossover trial conducted in 20 Australian hospitals to
determine whether fluid therapy with Plasma-Lyte® 148 compared
to 0.9% saline results in increased days alive and out of hospital to
day 28 for patients with moderate or severe DKA.
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