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Abstract

Background: Severe acute kidney injury (AKI) in the intensive care unit (ICU) is complicated by fluid accumulation, making
fluid removal a central component of kidney replacement therapy (KRT). However, the optimal fluid management strategy
in patients receiving KRT remains unknown, and practice varies widely.

Objective: To assess the feasibility of conducting a multicentre randomized controlled trial comparing a protocol-based
fluid-removal strategy with usual care in critically ill adult patients receiving KRT. The primary objective is to determine
whether the intervention results in a difference in cumulative fluid balance from randomization to day five.

Design: Open-label, multicentre, pilot randomized controlled trial.

Setting: Centers in Canada, the United States, and Australia.

Patients: We are enrolling 150 adults admitted to the ICU with AKI who have been receiving KRT for =48 hours or who
are anticipated to commence KRT within the next |2 hours.

Measurements: The primary outcome is the difference in cumulative fluid balance (mL) between treatment arms from
randomization (day zero) to the end of day five. Secondary outcomes include feasibility metrics, patient outcomes, resource
use, safety outcomes, and process measures.

Methods: Participants are randomized |:1 to receive either protocol-based fluid management or usual care. The intervention
consists of a prescription template updated at least once daily by the attending care team, specifying a 24-hour fluid balance
target, a prescription for fluid removal using KRT, and daily re-evaluation of fluid intake. The intervention is continued until
day five post-randomization, KRT discontinuation due to kidney recovery, or ICU discharge.

Limitations: The application of the intervention relies on the clinical judgment of the attending care team, which may affect
the fidelity of the intervention. Usual care may differ between institutions, which may lead to variability. The treatment teams
are unblinded, however the statistician will be blinded to group allocation.

Conclusions: The Probe-Fluid pilot trial will provide important groundwork toward a future definitive multicentre
randomized controlled trial comparing a protocol-based fluid management strategy with usual care in critically ill patients
receiving KRT.

Abrégé

Contexte: A l'unité des soins intensifs (USI), 'insuffisance rénale aigué (IRA) sévére est souvent aggravée par une surcharge
hydrique, ce qui fait de I'élimination des fluides un élément central de la thérapie de remplacement rénal (TRR). Or, la
meilleure approche pour la gestion des fluides chez les patients recevant une TRR n’a pas encore été clairement établie, et
les pratiques cliniques différent largement.
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Objectifs: Evaluer la possibilité de mener un essai contrdlé randomisé multicentrique comparant une stratégie d’élimination
de fluides fondée sur un protocole a la prise en charge habituelle chez des patients adultes en soins intensifs recevant une
TRR. Le principal objectif consiste a déterminer si I'intervention modifie le bilan hydrique cumulé entre la randomisation et
le jour5.

Conception: Essai pilote controlé, randomisé, ouvert et multicentrique.

Cadre: Centres hospitaliers au Canada, aux Etats-Unis et en Australie.

Sujets: Nous recrutons |50adultes admis a I'USI avec une IRA, et ayant regu une TRR pendant =48heures ou devant
amorcer une TRR dans les 12 prochaines heures.

Mesures: Le principal critére d’évaluation est une différence dans le bilan hydrique cumulé (ml) entre les bras de traitement,
mesurée entre la randomisation (jour 0) et la fin du jour 5. Les résultats secondaires comprennent des indicateurs de faisabilité,
les résultats cliniques des patients, I'utilisation des ressources, les critéres de sécurité et les mesures liées aux processus.
Méthodologie: Les participants sont répartis aléatoirement (1:1) pour recevoir les soins habituels ou suivre un protocole
de gestion des fluides. L’intervention consiste en un modéle de prescription revu quotidiennement par I'équipe soignante,
incluant une cible de bilan hydrique sur 24 heures, une stratégie pour I'élimination des fluides par TRR et une réévaluation
quotidienne des apports en liquides. L'intervention se poursuit jusqu’au jour 5post-randomisation, jusqu’a I'arrét de la TRR
en raison d’une récupération rénale ou a la sortie de I'USI.

Limites: L’application de l'intervention repose sur le jugement clinique de I’équipe soignante, ce qui peut influencer la fidélité
a I'intervention. Les soins habituels différent d’'un établissement a I'autre, ce qui peut entrainer une variabilité. Les équipes
soignantes ne sont pas en aveugle, mais le statisticien sera tenu a I'insu de la répartition des groupes.

Conclusion: L’essai pilote Probe-Fluid servira de fondement pour la réalisation d’un essai contrélé randomisé multicentrique
de plus grande envergure comparant une stratégie avec protocole de gestion des fluides aux soins habituels chez les patients
sous TRR en soins intensifs.
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Introduction

Severe acute kidney injury (AKI) in the intensive care unit
(ICU) is almost uniformly complicated by fluid accumula-
tion, making fluid removal a central component of the kid-
ney replacement therapy (KRT) prescription.! Multi-organ
congestion resulting from fluid accumulation is believed to
mediate adverse outcomes, including pulmonary congestion,
systemic inflammation, and impaired hepatic function.?!?
Furthermore, positive cumulative fluid balance at the time of
KRT initiation is associated with higher mortality and less
kidney recovery.!®'® Accordingly, rapid treatment of fluid
overload and prevention of organ congestion may help
improve patient outcomes. On the other hand, the risk of
hemodynamic instability is increased in acutely ill patients
undergoing KRT due to alterations in the compensatory
physiological mechanisms in response to fluid removal.'
Hemodynamic Instability Related to Renal Replacement
Therapy occurs in about 10% to 30% of KRT sessions in the
ICU,%?! exposing patients to potential iatrogenic organ
hypoperfusion. Thus, balancing the benefits and harms of
fluid removal remains a major clinical challenge.

The optimal fluid management strategy is currently
unknown. Recent international surveys of intensivists and
nephrologists highlighted significant variability in fluid
management practices for critically ill patients receiving
KRT.?? This heterogeneity underscores the need to address
important knowledge gaps through the conduct of random-
ized clinical trials (RCT) on this topic, which was identified
as a research priority during the 17th Acute Disease Quality
Initiative (ADQI XVII) conference.? Trials that have been
completed to date reported significant challenges in patient
recruitment, protocol adherence, and provider acceptabil-
ity.>* Therefore, it is important to demonstrate the feasibility
of conducting a multicentre RCT using a clinical decision
support tool that could realistically scale up to a definitive
trial evaluating patient-centered outcomes.

We have launched a pilot multicentre RCT comparing a
protocol-based fluid management strategy with usual care in
critically ill patients receiving KRT. The protocol is designed
to promote the achievement of a neutral or negative daily
fluid balance early in the course of KRT treatment by both
preventing and treating fluid accumulation. It provides a clin-
ical decision support for prescribing fluid management on
KRT while allowing the attending care team to flexibly mod-
ify treatment targets according to their clinical evaluation.
Herein, we describe the Probe-Fluid pilot trial protocol.

Methods
Study Design and Setting

Proactive prescription-based fluid management versus usual
care in critically ill patients on kidney replacement therapy
(Probe-Fluid) is an open-label, multicentre, pilot RCT com-
paring a prescription-based fluid management strategy with
usual care in critically ill adult patients with AKI for whom

Table I. Inclusion and Exclusion Criteria for the Probe-Fluid Trial.

Inclusion criteria (included if all criteria met):

|. Age =18 years

2. Admitted to the ICU

3. AKI during current hospitalization defined by the KDIGO
criteria as any of the following: increase in serum creatinine by
27 pmol/L or more within any 48-hour window, or an increase
in serum creatinine to |.5 times baseline or more within the
last seven days, or a urine output less than 0.5 mL/kg/h for six
hours

4. Planned initiation of KRT within the following 12 hours or the
receipt of KRT for AKI for =48 hours

Exclusion criteria (exclude if any criteria met):

|. Lack of commitment to maintain kidney, pharmacologic or
respiratory support at the time of screening, or probable
transition to comfort care within 48 hours according to the
treating physician

2. Probable discharge from the ICU within the next 48 hours
according to treating physician

3. Severe burn injury (>10% of body surface area)

4. Severe abnormality in serum sodium (>155 or <120 mmol/L)

5. Important ongoing fluid losses are present and/or are expected to
require continued maintenance IV fluids during the next 48 hours
(This does not include time-limited periods of intravascular expansion)

6. The clinical care team believes that the proposed intervention
is inappropriate.

Note. ICU = intensive care unit; AKI = acute kidney injury; KDIGO =
Kidney Disease: Improving Global Outcomes; KRT = kidney replacement
therapy.

KRT has been, or will shortly be, initiated. The trial is active
in eight centers in Canada, the United States, and Australia.
The protocol is summarized according to the guidelines set
out in the Standard Protocol Items: Recommendations for
Interventional Trials (SPIRIT) 2013 Statement which is pro-
vided in Supplemental Material.>*

Population and Eligibility

The trial is recruiting adults (age =18 years) admitted to
the ICU with AKI during the current hospitalization as
defined by the KDIGO (Kidney Disease: Improving Global
Outcomes) criteria' and who are planned to start KRT within
the following 12 hours or have been receiving KRT for =48
hours. Detailed inclusion and exclusion criteria are outlined
in Table 1. Patients who are initially ineligible due to poten-
tially reversible criteria may be re-screened for study enrol-
ment. The trial allows the application of any consent
mechanism that has been approved by the local ethics boards
and regulatory authorities in that jurisdiction.

Randomization

Following verification of eligibility, randomization is per-
formed by research personnel using a computer-generated
sequence with block randomization of variable random
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Step 1:
Define a 24-h fluid balance target

Should be prescribed by noon each working
day and updated as needed

Step 2:
Prescribe fluid removal

Step 3:
Re-evaluate fluid intake

Continuous KRT prescription

Net ultrdfiltration rate is adjusted at
least every 8 hours by the attending
nurse to reached fluid balance target.
Safety thresholds are set to prompt re-
evaluation of fluid balance target

Updated at least every 24-hour period

Intermittent KRT prescription

A net ultrdfiltration

rate of <8

ml/kg/h of dialysis should be
sufficient to reach fluid balance
target

Figure |. Summary of components of the protocol-based fluid management prescription.

sizes,?® stratified by site, via a web-based central randomiza-
tion system (Research Electronic Data Capture [REDCap]).
Participants are randomized in a 1:1 ratio to one of two treat-
ment strategies: protocol-based fluid management versus
usual care. The randomization methodology and the gener-
ated allocation sequence are concealed from the investiga-
tors and participants.

Intervention Arm

The intervention is comprised of three components that are
initiated immediately after randomization. It consists of a
clinical decision support tool consisting of a prescription tem-
plate with directions on monitoring and safety thresholds for
net fluid-removal rate updated by the attending care team at
least once daily, before noon. The template is summarized in
Figure 1 and presented in detail in the Supplemental Material.

The first component of the intervention is to define the
24-hour fluid balance target, either by:

Option 1 (default): Aiming for a negative fluid balance of
2% to 3% body weight (e.g., 1.4-2.1 L in a 70 kg
participant);

Option 2 (alternative): Aiming to avoid fluid accumula-
tion by targeting a neutral fluid balance within 0.5% of
body weight variation (e.g., =350 to +350 mL in a 70-kg
participant).

The second component is to pre-specify a prescription for
fluid removal using KRT as follows:

1. For patients on continuous KRT, re-evaluation of fluid
balance targets is performed by a member of the
healthcare team at least every eight hours, and more
frequently as needed, in order to re-adjust the net

fluid-removal rate and achieve the desired fluid balance
by the end of the 24-hour period. Safety thresholds,
including arterial pressure, vasopressor support, or any
other clinical parameters deemed to be of importance,
are pre-specified by the attending care team. Reaching
any of these thresholds will prompt a cessation of fluid
removal by the nurse in charge of KRT management,
followed by a re-evaluation of fluid-removal goals and
safety thresholds by the attending care team and an
updated target for the remainder of the 24-hour period
prescribed by the attending physician.

2. The use of intermittent KRT is allowed, provided that
the net negative fluid-removal goal can be realisti-
cally achieved using a maximum net fluid-removal
rate of 8 mL/kg/h, since higher targets are frequently
unattainable in practice.?> An increase in the length of
intermittent KRT, an increase in the frequency of
KRT sessions, or a transition to continuous KRT are
advised if this is not possible. Safety thresholds
prompting a reduction in fluid-removal rate during
KRT sessions are also provided by the attending care
team to the dialysis nurse.

The third component is to prompt a daily re-evaluation of fluid
intake by the attending care team, including the ICU pharma-
cist, if available. Specific instructions provided include: (1)
Maintenance IV fluids should be avoided. (2) Enteral nutri-
tion, enteral tube irrigation, and IV medications should be
given with the least possible amount of fluid. (3) Periods of
intravascular expansion using crystalloids, colloids, and blood
products are permitted but should be prescribed as a total
amount over a time period (e.g., 1 L of Ringer Lactate over
four hours) except in special circumstances in which ongoing
fluid losses require continued administration.
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The intervention is continued until day five post-random-
ization, KRT discontinuation due to kidney recovery, or ICU
discharge. After this, fluid balance management is left to the
discretion of the attending care team.

Control Arm

Fluid balance management is not protocolized and is pre-
scribed and adjusted by the attending care team without any
specific guidance. The use of the documents provided for the
intervention group is not permitted in the control arm.

Concomitant Treatments and Co-Interventions

All other aspects of the KRT prescription are delivered at the
discretion of the attending clinicians. This includes all dialysis
parameters, including type of treatment, dose (total effluent
rate or solute clearance), dialysate temperature, composition,
and anticoagulation during KRT. The use of diuretics is per-
mitted in both arms of the trial.

While the protocolized fluid management strategy is
updated at least once a day in the intervention group, there is
flexibility to make changes at anytime in response to any
abrupt changes in the patient’s status. Volume expansion
using fluid boluses is allowed if perceived to be clinically
indicated by the attending care team, but the fluid manage-
ment prescription should be updated to reflect revised fluid-
removal goals when this occurs.

Definition of Net Fluid Balance

For the purpose of the trial, net fluid balance is defined as the
difference between the sum of all quantifiable fluid intake
(oral intake, enteral feeding, intravenous intake) and all
quantifiable fluid output, including urine output, drainage
losses, and net ultrafiltration performed using KRT.

Outcomes

The primary outcome of this study is the difference in cumu-
lative fluid balance (mL) between both treatment groups
from randomization through the end of day five. Exploratory
analyses will examine differences in cumulative fluid bal-
ance (mL) on days one, two, three, and four. Secondary out-
comes include feasibility metrics, patient outcomes, resource
use, safety outcomes, and process measures (Table 2).

Adverse Events

All deaths that occur during the five-day follow-up period
are reviewed by the local investigators in coordination with
the attending clinicians to determine whether these may be
linked to participation in the trial. As this trial is recruiting in
a population that is already in a life-threatening situation, it
is expected that many participants will experience adverse
events (AEs).2® For this study, a reportable AE is defined as

Table 2. Study Secondary Outcomes.

Feasibility outcomes

Ability to successfully enroll >30% of fully eligible patients
Protocol adherence, defined as >80% of participants adhering to
the allocated treatment for 5 days after enrolment

Ability to achieve >95% follow-up regarding all clinical outcomes
through day 90

Clinical outcomes

Death at 90 days

Vasoactive therapy-free days through day 28
Mechanical ventilation-free days through day 28
Use of KRT-free days through day 28

ICU-free days through day 90

Hospital-free days through day 90

Dependence on KRT at 90 days

Resource use

Cumulative time of continuous KRT during the five-day
intervention period

Cumulative time of intermittent KRT sessions during the five-day
intervention period

Safety outcomes

Maximal vasopressor requirements as per the vasoactive-
inotropic score recorded during each 24-hour period
Severity of illness as per the total and non-renal SOFA score
recorded during each 24-hour period

Adverse events potentially related to KRT

Process measures (intervention group only)

Target fluid balance as prescribed in the initial fluid balance
prescription for the day

Proportion of time in which a neutral fluid balance target is
selected by the clinical care team

Proportion of time in which net fluid accumulation is evaluated to
be minimal

Proportion of time in which net fluid removal in contraindicated
Clinical elements used to assess fluid accumulation

Difference between the original target and the fluid balance
achieved at the end of each 24-hour period

Note. KRT = kidney replacement therapy; ICU = intensive care unit;
SOFA = sequential organ failure assessment.

an event that is at least possibly related to study procedures
or KRT. All reportable AEs are documented and followed up
within seven days if fatal or life-threatening. An AE is desig-
nated as severe if it meets one of the following criteria: it is
fatal, felt to be life-threatening, requires the prolongation of
an existing hospitalization, or results in significant disability
or incapacity. We defined a list of AEs of special interest
potentially related to fluid removal for which reporting is
mandatory. These include stroke, myocardial infarction,
mesenteric ischemia, digital ischemia, arrhythmias, and car-
diac arrest.
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Table 3. Data Collection Schedule.

Day

Screening Day | 2to 5 Day 90
Enrolment
Eligibility assessment X
Consent data X
Baseline data X
Intervention
Data on fluid management X X
prescription
Assessment
Data on 24-hour fluid balance X X
Data on vasopressor support X X
Clinical outcome data X
Adverse event reporting >xX) X X
Protocol deviation report (X) >x) X

Data Collection

Data is collected by trained research personnel using elec-
tronic case report forms (Table 3). Baseline data include age,
sex, comorbidities, reason for ICU admission, time since
ICU admission, time since initiation of KRT and initial KRT
modality, cumulative fluid balance from ICU admission to
the time of KRT initiation and at enrolment, urine output in
the 24 hours prior to enrolment, vasopressor/inotropic sup-
port (vasoactive-inotropic score [VIS]*73?), respiratory sup-
port mode, PaO2/FiO2, and positive end-expiratory pressure
(if any) at enrolment, routine laboratory measurements
including platelet count and serum bilirubin, and Sequential
Organ Failure Assessment (SOFA) score at enrolment.

Daily data during the treatment period (up to day five)
include KRT modality and duration, detailed daily cumula-
tive fluid balance, measured body weight (when possible),
information about the severity of critical illness including
SOFA score (total and non-renal component), maximal vaso-
pressor support (VIS), respiratory and oxygen support thera-
pies, and details of fluid-removal prescription in the
intervention arm.

Data is obtained at 90 days by chart review and through
direct contact with the patient if necessary. This includes the
number of days in the ICU and the hospital since enrolment
up to 90 days, the number of days receiving intravenous
vasopressor support, mechanical ventilation, and KRT since
enrolment to 28 days, use of KRT at 90 days, and mortality
at 90 days.

Sample Size Considerations

The minimally clinically important difference in cumulative
fluid balance in the span of 5 days on KRT is unclear. Based on
various sources'®*-3% and preliminary analysis of fluid bal-
ance data from the STARRT-AKI trial,*® the standard devia-
tion (SD) of the cumulative fluid balance at day five after KRT

initiation is not precisely known but is estimated to vary from
3000 mL to 6000 mL. With a significance level (a) of 0.05
using a two-sided two-sample equal-variance t-test, group
sample sizes of 71 achieved 80% power to reject the null
hypothesis of equal means when the population mean differ-
ence is 1420 mL (SD of 3000 mL for both groups), or when
the population mean difference is 2841 mL (SD 6000 mL). To
account for a potential loss to follow-up of 5%, we inflated the
planned sample size from 142 to 150 participants.

Statistical Analysis

Statistical analysis will be performed by a statistician blinded
to group attribution. All analyses will follow the intention to
treat principle (i.e. all patients will be analyzed according to
the group to which they were assigned). A P-value of <.05
will be considered as significant. Data will only be analyzed
at the end of the trial when patient recruitment and follow-up
have concluded. The following statistical analysis method
was determined by the investigators without access to the
ongoing study data.

The primary endpoint is the cumulative fluid balance (mL)
at the end of day five. Missing values are expected due to
death or ICU discharge. Therefore, the treatment effect will
be estimated using a mixed-effects model for repeated mea-
sures (MMRM), the approach recommended in the EMA
missing-data guideline and the ICH E9(R1) addendum for
longitudinal continuous outcomes 1. Fixed effects will
include treatment group, study day (categorical, days one to
five), the treatment-by-day interaction, baseline cumulative
fluid balance, urine output in the 24 hours prior to enrolment,
age, and baseline SOFA score.*”3® Within-patient errors will
be modeled with an unstructured variance—covariance matrix.
Parameters will be estimated using restricted maximum like-
lihood (REML). We will apply the Kenward—Roger correc-
tion to adjust standard errors and denominator degrees of
freedom.

Pre-specified sensitivity analyses of the primary outcome
will be performed using multiple imputation (with random
treatment allocation, death by day five, ICU discharge by
day five, baseline/enrolment prognostic variables, and daily
cumulative fluid balance up to day five as variables in the
imputation model) and by excluding cases with missing val-
ues (complete-case analysis). Exploratory analyses will con-
sider the difference in cumulative fluid balance at one, two,
three, and four days. We will also perform the analysis while
excluding enteral feeding from the cumulative fluid balance
calculation. The statistical analysis method for secondary
outcomes is presented in Table 4. No statistical adjustment
for multiplicity is planned due to the pilot nature of this trial.

Planned subgroup analyses will be performed according
to the initial KRT modality used (intermittent or continuous),
sex and gender, cumulative fluid balance from ICU admis-
sion to enrolment, urine output in the 24 hours before enrol-
ment, and in patients with sepsis at enrolment.
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Table 4. Statistical Analysis Plan for Secondary Outcomes.

Aims

Analysis plan

Secondary outcomes

Feasibility outcomes

Ability to enroll >30% of eligible patients and complete
recruitment within two years

Protocol adherence

Ability to achieve >95% follow-up at 90 days

Clinical outcomes: Categorical
- Death at 90 days
- Dependence on KRT at 90 days
Clinical outcomes: Continuous
- Vasopressor-free days through day 90
- Ventilation-free days through day 90
- ICU-free days through day 90.
- Hospital-free days through day 90.
Resource use:
- Cumulative time of continuous KRT
- Cumulative time of intermittent KRT

Safety outcomes:
- Maximal vasopressor requirements (VIS)
- SOFA score

- Adverse events

Process measures:
- Fluid balance target
- Proportion with contraindication to negative fluid
balance target
- Clinical element used to evaluate fluid accumulation

- Discrepancy between target and achieved fluid balance

Descriptive: The proportion of patients enrolled compared to the
number of patients considered eligible during screening will be presented
with 95% confidence intervals.

Descriptive: The proportion of patients meeting the criteria for protocol
adherence in the intervention group will be presented with 95%
confidence intervals.

Descriptive: The proportion of patients for which all clinical endpoints
were collected at 90 days will be presented with 95% confidence
intervals.

Categorical variables were compared using Chi squared tests or Fisher’s
exact tests, if the minimal count in contingency table cell is <5. For
KRT-dependence endpoint, non-survivors at day 90 will be censored.
Between-group comparisons will be made using independent samples t
tests or non-parametric alternatives (Mann-Whitney U) to determine if a
statistically significant difference between groups is present. Normality of
data will be assessed by the visual assessment of Q-Q plots.

Between-group comparisons will be made using independent samples t
tests or non-parametric alternatives (Mann-Whitney U) to determine if a
statistically significant difference between groups is present. Normality of
data will be assessed by the visual assessment of Q-Q plots.

A mixed linear model will be constructed. Group allocation and baseline
values of SOFA/VIS will be introduced as fixed effects. The interaction
between the time (day after randomization) and the group allocation will
be assessed to explore statistical significance.

We will tabulate the number of participants with at least one AE/SAE by
arm as well as total number of events/incidence rate (events/|100 patient-
days). If the number of AE is greater than ten per arm, we will perform
an exploratory negative binomial regression to obtain the incidence-rate
ratio.

Descriptive: The proportion (N [%]) or mean (SD)/median (QI, Q3) will
be presented.

No statistical adjustment for multiplicity is planned due to the pilot nature of this trial.
Note. KRT = kidney replacement therapy; ICU = intensive care unit; VIS = vasoactive-inotropic score; SOFA = sequential organ failure assessment;

AE = adverse event; SAE = serious adverse event.

Trial Oversight

A data safety and monitoring board (DSMB), consisting
of three members with expertise in nephrology, critical care,

The steering committee includes the leadership team (spon-
sor principal investigator, co-investigators) and senior inves-
tigators with extensive background in critical care nephrology
and clinical trials. The committee oversees all operational
aspects of the trial, including acquisition and administration
of funds, training of research staff, supervision of trial imple-
mentation, data interpretation, and completion of the final
manuscript. The Applied Health Research Center (AHRC) of
Unity Health Toronto serves as the central coordination and
data management center.

and trial methodology, meets every six to nine months while
the trial is active. The sole mandate of the DSMB is to ensure
the safety of the trial’s conduct through the review of all AEs.
The DSMB issues reports and makes recommendations
regarding trial continuation or modification, which are trans-
mitted to the sponsor, steering committee, and qualified site
investigators. This is done according to a predefined DSMB
charter (Supplemental Material). No formal interim analy-
ses are planned, but the DSMB has access to data including
AEs and data completeness. As of July 2025, two DSMB
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meetings have already taken place and recommended the
continuation of the study.

Ethical Considerations

The trial is being conducted in accordance with the princi-
ples of the Good Clinical Practice guidelines. The study was
approved by institutional Research Ethics Boards at all par-
ticipating sites. The trial was registered at clinicaltrials.gov
(NCT05473143) prior to the recruitment of the first patient.

Dissemination Policy

The study findings will be presented at national and interna-
tional meetings and published in peer-reviewed open-access
journals. A lay person’s summary of the principal findings of
the results will be sent to all patients involved in the study at
their request, and we will seek to disseminate this summary
as a press release.

Discussion

Defining an optimal fluid-removal strategy after the initia-
tion of KRT is a key research priority to improve the care of
critically ill patients with severe AKI. Fluid accumulation
has been associated with adverse physiological consequences
through congestion and impairment of vital organ func-
tion.>!>3° Despite these potential harms, the clinical implica-
tions of fluid management strategies in patients receiving
KRT remain largely unknown.

The Probe-Fluid trial is a pilot RCT comparing a proto-
col-based fluid management strategy with usual care in criti-
cally ill patients receiving KRT. The results of this pilot study
will inform the feasibility of conducting a definitive multi-
centre RCT evaluating whether a protocolized fluid manage-
ment strategy can improve patient-centered outcomes,
including mortality and duration of organ support, compared
to usual care.

There are limited interventional studies that compare fluid
management strategies in critically ill patients undergoing
KRT. In the FFAKI multicentre pilot trial,***! patients were
randomized to initiate protocolized fluid removal at a rate
of 1 mL/kg/h, using diuretics or ultrafiltration, less than 12
hours after randomization, or to a control arm in which the
initiation of continuous KRT for fluid removal was discour-
aged. The trial was stopped due to insufficient recruitment
after enrolling 23 out of the planned 50 patients. Among
those recruited, an important separation between cumula-
tive fluid balance (5814 mL) was noted five days after
recruitment. In the more recent single-center trial
GONEUTRAL trial, protocolized fluid removal guided by
a hemodynamic monitoring protocol was compared to a
control group in which minimal net ultrafiltration was
allowed, resulting in a significantly lower cumulative fluid

balance in the intervention group.*? In addition, two RCTs,
using bioimpedance information to guide fluid removal in
critically ill patients receiving KRT,*** reported discrepant
findings regarding the improvement in bioimpedance-
defined achievement of euvolemia, while the impact on
cumulative fluid balance was unclear in both trials.

Finally, the RELIEVE-AKI cluster randomized trial com-
pared a restrictive to a liberal ultrafiltration rate in critically
ill patients on continuous KRT.* For the first six months, all
ten participating ICUs were assigned to the liberal ultrafiltra-
tion rate group; subsequently, one ICU was randomly allo-
cated to the restrictive group every two months. The liberal
group aimed for a net ultrafiltration rate of 2.0 to 5.0 mL/
kg/h, while the restrictive group targeted a rate of 0.5 to 1.5
mL/kg/h. A web-based application was used to calculate the
hourly ultrafiltration rate range to be set on the KRT machine
based on group allocation, the hourly intravenous fluid infu-
sion rate, and the patient’s predicted body weight. The trial
was recently stopped after enrolling 99/144 participants.*®

The Probe-Fluid trial was designed with a pragmatic
intervention that can be easily scaled to multiple sites with-
out access to special monitoring technology or electronic
health records capabilities. It also permits the use of continu-
ous or intermittent KRT modalities according to the center’s
usual practices. The proposed intervention was designed to
be the least restrictive possible for the participating clinical
care teams, accounting for the important heterogeneity in
critically ill patients and recognizing that KRT may be initi-
ated in different phases of fluid management, including when
a negative fluid balance may not be appropriate. The under-
lying hypothesis is that the components of the intervention
will lead to greater success in preventing and treating fluid
accumulation while being associated with minimal risks for
the participants. Indeed, since a rigid fluid balance target or
net ultrafiltration rate is not mandated as part of the interven-
tion, the clinical care team has the flexibility to tailor the
daily fluid management goals to the dynamic clinical course
of their patient.

This study has some limitations. Although the interven-
tion is protocolized, its application relies on the clinical judg-
ment of the attending care team, which may lead to variability
in adherence across centers. To address this, we have incor-
porated daily re-evaluation and prescription templates to
support consistent implementation. Furthermore, we have
included the collection of process measures to acquire a
greater understanding of the decisions made by clinicians
involved in delivering the intervention. Should the pilot
study intervention fail to produce a significant difference in
cumulative fluid balance, analysis of process measures will
provide the opportunity to consider iterative modifications
to our proposed proactive fluid management protocol.
Finally, it is not possible to blind the study sites to the
nature of the intervention. Awareness of group allocation
may influence the attending care team’s decisions regarding
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co-interventions and aspects of the KRT prescription, intro-
ducing potential performance bias. This risk is mitigated by
using a standardized, protocolized intervention and objective
outcome measures.

Conclusion

The optimal fluid management strategy in critically ill
patients with AKI remains unknown. The Probe-Fluid pilot
trial is designed to evaluate the feasibility of conducting a
definitive multicentre RCT comparing a protocol-based fluid
management strategy with usual care in critically ill adult
patients receiving KRT.
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