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Abstract

Background: Fluid overload is associated with increased mortality in intensive care

unit (ICU) patients. The GODIF trial aims to assess the benefits and harms of fluid

removal with furosemide versus placebo in stable adult patients with moderate to

severe fluid overload in the ICU. This article describes the detailed statistical analysis

plan for the primary results of the second version of the GODIF trial.

Methods: The GODIF trial is an international, multi-centre, randomised, stratified,

blinded, parallel-group, pragmatic clinical trial, allocating 1000 adult ICU patients with

moderate to severe fluid overload 1:1 to furosemide versus placebo. The primary

outcome is days alive and out of hospital within 90 days post-randomisation. With a

power of 90% and an alpha level of 5%, we may reject or detect an improvement of

8%. The primary analyses of all outcomes will be performed in the intention-to-treat

population. For the primary outcome, the Kryger Jensen and Lange method will be

used to compare the two treatment groups adjusted for stratification variables sup-

plemented with sensitivity analyses in the per-protocol population and with further

adjustments for prognostic variables. Secondary outcomes will be analysed with
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multiple linear regressions, logistic regressions or the Kryger Jensen and Lange

method as suitable with adjustment for stratification variables.

Conclusion: The GODIF trial data will increase the certainty about the effects of fluid

removal using furosemide in adult ICU patients with fluid overload.

Trial Registrations: EudraCT identifier: 2019-004292-40 and ClinicalTrials.org:

NCT04180397.
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1 | INTRODUCTION

Patients treated in the intensive care unit (ICU) often receive substan-

tial amounts of fluid, medicine, drug diluent and nutrition, which may

lead to fluid overload.1 Fluid overload is associated with organ dys-

function and mortality.2,3 The evidence for treating fluid overload is,

however, sparse. Two systematic reviews of randomised clinical trials

(RCTs) assessing treatment with loop diuretics in ICU patients with

fluid overload or septic shock were inconclusive and found only very

low-quality evidence.4,5 No large RCTs have been reported on thera-

pies targeting fluid overload.4

Here, we present the detailed statistical analysis plan of the to-

date largest and ongoing RCT of furosemide versus placebo in stable

adult ICU patients with moderate to severe fluid overload (the GODIF

trial second version).6 This statistical analysis plan is published before

finalising patient enrolment to increase transparency, prevent selec-

tive outcome reporting and data-driven analyses following the Inter-

national Conference on Harmonisation (ICH) of Good Clinical Practice

(GCP) guidelines.7

2 | METHODS

The GODIF trial is an international, multi-centre, randomised,

stratified, blinded, parallel-group trial of furosemide versus placebo in

1000 ICU patients with fluid overload (EudraCT identifier: 2019-

004292-40; NCT04180397).6 Acutely admitted, clinically stable, adult

(≥18 years) ICU patients with fluid overload (≥5% fluid accumulation

according to ideal body weight) are randomised 1:1 to furosemide ver-

sus placebo. Randomisation is stratified for site, acute kidney injury

(AKI) (yes/no), and simplified mortality score for the intensive care

unit (SMS-ICU score) > 25 (yes/no).8 The intervention continues until

the clinician assesses the participant to be in a neutral fluid balance.

The aim is to explore the effects of goal-directed fluid removal with

furosemide in ICU patients with fluid overload.

The trial is blinded to participants, clinical staff, outcome

assessors, investigators, and study statisticians. An independent data

manager will provide the data in a blinded form. Unblinding will take

place after all analyses have been performed, and the steering com-

mittee has drafted the abstract for the primary publication in two

versions—one where the results favour the furosemide group and one

where they favour the placebo group if a difference between the

interventions is found.

The coordinating centre of the GODIF trial is located at the

Copenhagen University Hospital—North Zealand, Hilleroed, Denmark.

The current protocol is version 2.7 from 20 February 2022 (http://

www.cric.nu/godif-protocol/). The trial has been approved by the

Committees on Health Research Ethics in the Capital Region of

Denmark (H-19080597), the Danish Medicines Agency (2019121067),

The Capital Region Knowledge Centre for Data Compliance (P-2020-

170) and all required authorities in all participating countries.

3 | OUTCOMES

The primary outcome is days alive and out of hospital at Day 90 after

randomisation. The secondary outcomes are (1) all-cause mortality at

Day 90; (2) days alive at Day 90 without organ support (vasopressor/

inotropic support, mechanical ventilation or renal replacement ther-

apy); (3) all-cause mortality at 1 year; (4) the number of participants

with one or more serious adverse events (SAE) and serious adverse

reactions (SAR); (5) health-related quality of life after 1 year as

assessed with EuroQoL five-dimension, five-level questionnaire

(EQ-5D-5L)9,10; (6) EQ visual analogue scale (EQ-VAS score) after

1 year9,10; (7) participants' subjective assessment of their quality of

life after 1 year (unacceptable/neutral/acceptable); and (8) cognitive

function after 1 year assessed by the Montreal Cognitive Assessment

(MoCA; 5 min/telephone) test.11

4 | REGISTERED VARIABLES

Variables will be registered on screening, at baseline, daily during the

admission to the ICU for up to 90 days, and on follow-up at Day 90 and

1 year. The 1-year follow-up will be performed as a telephone interview.

All registered variables are published with the protocol article.6

All data are registered in an online OpenClinica database built and

hosted by the Copenhagen Trial Unit in Denmark. For participants

transferred to an ICU not participating in the GODIF trial within the

90-day follow-up period, attempts will be made to retrieve data on
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organ support by contacting the non-trial sites to maximise the data

necessary for the outcome of days alive without organ support at

Day 90.

The screened and enrolled participants will be described using the

consolidated standard of reporting trials (CONSORT) diagram.12

5 | SAMPLE SIZE AND POWER
ESTIMATIONS

Sample size and power estimations are made according to the primary

outcome of days alive and out of hospital within 90 days. The estima-

tions are based on observational data from an international ICU

cohort13 and a 90-day mortality of 27%. We defined the minimal clini-

cally relevant difference as a decrease in mortality of 15% and a total

improvement of 8% in days alive and out of hospital at Day 90. The

distribution of observational data for days alive and out of hospital

was skewed and presented two peaks. A high frequency of deaths

accounted for the first peak with the score zero, and close to Day

90, a second peak accounted for the survivors with very short admis-

sions. A continuum of observations in between the two peaks with

relatively few survivors with admissions beyond 7–14 days.

A simulation strategy14 was used to identify the sample size that

would yield a power of 90% (β = .1) with an alpha level of 5%

(α = .05). The total improvement of 8% was superimposed on the dis-

tribution of observational data that allowed simulations of outcomes

under both interventions. A Wilcox rank sum test was applied to the

distributions and the resulting p-value was stored. This was repeated

1000 times. The power was calculated as the fraction of these 1000

samples where the p-value was <.05. The above steps were applied

for the incremental number of patients until the power requirement

was achieved. A sample size of 500 participants in each treatment

group would yield the desired power.

5.1 | Power estimations for the secondary
outcomes

1. All-cause mortality at Day 90. An assumed risk of 30% for all-cause

mortality in the control group at Day 9013,15–17 resulted in about

60% power to detect a relative risk reduction of 15% at a 5% alpha

level and 37% power at a 1% alpha level.

2. Days alive at Day 90 without life support. An assumed in-hospital

mortality similar to the primary outcome13 resulted in a power of

80% to detect a 10% increase in days alive at Day 90 without life

support in the furosemide group at a 5% alpha level and 59%

power at a 1% alpha level.

3. All-cause mortality at 1 year. An assumed risk of 37% for all-cause

mortality at 1 year in the control group18 resulted in about 75%

power to detect a relative risk reduction of 15% at a 5% alpha level

and 52% power at a 1% alpha level.

4. Number of patients with one or more SAEs/SARs at Day 90. An

assumed incidence of 30% of one or more SAEs/SARs15 at Day

90 for the participants in the control group resulted in a power of

about 60% to detect a relative reduction of 15% at a 5% alpha

level and 37% power at a 1% alpha level.

There are insufficient data to make a meaningful power estima-

tion for the outcomes concerning health-related quality of life and

cognitive functions.

6 | MISSING DATA

A complete case analysis will be performed if missing data are less

than 5% for any variable in an analysis. If missing data are 5% or more,

multiple imputations with chained equations will be performed by cre-

ating 50 input data sets under the assumption that the data are miss-

ing at random.19,20 The imputation will use relevant outcomes,

stratification variables (site, AKI, SMS-ICU score) and the following

baseline variables: sex, age, percentage of fluid overload, type of

admission (medical/surgical), septic shock, COVID-19 status, vaso-

pressor/inotrope support, respiratory support and co-morbidities

(ischaemic heart disease/heart failure, chronic obstructive pulmonary

disease, diabetes mellitus, stroke/neurodegenerative illness, meta-

static cancer/haematological malignancy, treatment with diuretics

before hospital admission). If multiple imputations are used, the pri-

mary results will be based on these data.

Since the assumption that the data are missing at random might

not always be satisfied, sensitivity analyses will be added with best–

worst and worst–best scenarios to assess the pattern of missing data

and the potential impact of data not missing at random.19 For the

‘best-worst-case’ scenario, it is assumed that all participants lost to

follow-up in the furosemide group had the best possible outcome

(survived, had no SAE, etc.) and all those with missing outcome data in

the placebo group had the worst possible outcome (death, SAE, etc.).

For the ‘worst-best-case’ scenario the opposite is assumed. For con-

tinuous outcomes, the ‘best outcome’ will be defined as the group

mean plus two standard deviations (SD) or highest possible value

whichever is smallest, and the ‘worst outcome’ will be defined as the

group mean minus two SD or lowest possible value whichever is high-

est.19 Unadjusted analyses without imputation will also be made

available.

7 | GENERAL ANALYTICAL PRINCIPLES

All primary analyses will be based on the intention-to-treat population

defined as all participants who consented to the use of their data. Sec-

ondary analyses will be performed on the per-protocol population

defined as all participants who consented to the use of their data and

in whom no major protocol violation occurred during the intervention

period. Secondary analyses will be performed for all outcomes.

Major protocol violations are (1) participants receiving other types

of diuretics than allowed per trial protocol during the intervention;

(2) participants receiving open-label furosemide without escape

WICHMANN ET AL. 3
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criteria being met; and (3) initiation of renal replacement therapy with-

out escape criteria being met.

The interpretation of the results will be based on the point esti-

mate of the primary analysis of the primary outcome and the uncer-

tainty described by the 95% confidence interval (CI). The p-value

will be reported, but no specific p-value as the cut-off for statistical

inference or the term ‘statistical significance’ will be used.21–23 For

the secondary outcomes, the results will be based on point esti-

mates and 99% CIs to adjust for statistical multiplicity. p-values will

be reported.

8 | STATISTICAL ANALYSES

8.1 | Primary outcome

The primary outcome days alive and out of hospital at Day 90 is a

composite outcome and it will be analysed using a test by Kryger Jen-

sen and Lange designed for continuous outcomes truncated by

death.24 The test is based on a logistic model for mortality and a linear

regression for days alive outside hospital at Day 90. The effect of the

intervention will be quantified using means with 95% CIs in the two

groups and the mean difference was obtained by bootstrap adjusted

for stratification variables. The results from both components of the

composite outcome will also be presented.

A sensitivity analysis of the primary outcome will be performed with

further adjustment for ischaemic heart disease, septic shock, chronic

obstructive pulmonary disease, diabetes, and stroke/neurodegenerative

illness. Secondary analyses of the per-protocol population will be

performed with the same adjustment strategy.

8.2 | Secondary outcomes

All-cause mortality at 90 days and 1 year will be analysed using a

logistic regression model combined with G-computation and non-

parametric bootstrapping to convert effect measures into risk ratios

and differences with corresponding 99% CIs. Adjustment will be made

for stratification variables.

Kaplan–Meier plots will be used to illustrate the time dynamics of

survival outcomes. Days alive without life support at Day 90 will be

analysed with the same method as the primary outcome. The number

of participants with one or more SAEs/SARs at Day 90 will be ana-

lysed as the mortality outcome.

EuroQol EQ-5D-5L index score and EQ-VAS scores will be used

for the assessment of health-related quality of life at 1 year.9,10 The

scores are based on a specific country value set. If a country-specific

value set is not available, we will use an available value set from a

country most similar to the country in question according to demo-

graphics and medical practices. Participants who died within 1 year

will be assigned the EQ-5D-5L index score of zero, which equals a

health state of death, and zero in the EQ-VAS score (lowest possible

score). MoCA (5 min/telephone) will be used to assess the

participants' cognitive function at 1 year.11 Non-survivors will be

given the lowest possible score of zero. This procedure will result in a

skewed distribution of data with a large proportion of zero values.

The effect will be presented with adjusted mean differences and

ratios of means with 99% CIs based on linear regression models

adjusted for stratification variables using G-computation and non-

parametric bootstrapping. The Kryger Jensen and Lange test will be

used to calculate the p-value.24 Data from survivors only will also be

presented for both EQ-5D-5L and MoCA. The scores of the subdo-

mains of the EQ-5D-5L and the MoCA test will be reported.

Participants will be asked to rate their quality of life during the

1-year follow-up differentiating between unacceptable, neutral or

acceptable. Non-survivors will be given the category unacceptable.

The results will be analysed by an ordinal logistic regression with

adjustment for stratification variables. If this model does not converge

(because of too few observations in some groups), then we will

instead assign integer values starting from 1 and employ a simple lin-

ear regression.

The outcomes at 90 days and 1 year will be reported in separate

publications. The statistical software R, the latest version available

(https://www.r-project.org/), will be used to carry out the analyses.

8.3 | Subgroup analyses

Assessment of heterogeneity of the treatment effect on the primary

outcome will be explored in the following subgroups in the intention

to treat population based on baseline characteristics: (1) participants

with SMS-ICU score <25 compared to ≥25; (2) participants with AKI

compared to participants without AKI; (3) participants with COVID-19

compared to those without COVID-19; (4) participants with septic

shock according to Sepsis 3 criteria before enrolment compared to

those without septic shock; (5) participants receiving vasopressors

support compared to those who did not; and (6) participants with fluid

overload ≥10% compared to <10%.

If we recruit trial sites in new countries where the sites provide

their own trial drug instead of the trial drug provided by the spon-

sor, we will conduct subgroup analyses of the primary outcome in

all participating countries. It will be stated which countries use the

different procedures according to trial medication and blinding

(Appendix S1).

9 | INTERIM ANALYSES

An independent data monitoring committee (DMC) consisting of an

independent biostatistician, a clinician and a trialist will monitor the

trial and assess the safety and efficacy of the intervention. The DMC

will make their recommendations to the Management Committee of

the GODIF trial after the evaluation of both of the two planned

interim analyses.6

The statistical significance level will be adjusted according to the

Lan-DeMets sequential monitoring boundaries based on O'Brien

4 WICHMANN ET AL.
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Fleming alpha-spending function.25 The charter for the DMC has been

published with the protocol article.6

10 | DISCUSSION

Fluid therapy is widely discussed and observational data suggest

that fluid overload is associated with increased mortality.3 The ben-

efits of restrictive versus liberal fluid therapy with regard to mortal-

ity in the ICU population have still not been proven.16,26–30 Several

RCTs are currently investigating the question further for septic

shock patients (NCT05179499; NCT04569942). The practice of

treating fluid overload with diuretics is common.31–33 Systematic

reviews found very low and uncertain evidence for administering

diuretics to patients with fluid overload in the ICU or septic shock

patients.4,5 This large international, randomised, blinded, clinical

GODIF trial investigating protocolised fluid removal with furosemide

versus placebo in stable adult ICU patients with moderate to severe

fluid overload was designed to gain more high-quality evidence in

the field.

10.1 | Strengths

The GODIF trial second version is using a revised improved protocol

based on experiences from the GODIF trial first version.34 The proto-

col has been published6 and this detailed statistical analysis plan pro-

vides transparency in the conduct of the trial to prevent selective

reporting and publication of research outcomes.

A composite outcome is used as the primary outcome.

Composite outcomes can be difficult to interpret because it may

be unclear how the treatment is affecting the individual compo-

nents of the outcome. Each component of the primary outcome

(90-day mortality and hospital length of stay at 90 days) will be

reported in the primary publication to ensure transparency and

ease of interpretation.

10.2 | Limitations

Our primary outcome will be affected by the risk of finding no treat-

ment effect in case the results of 90-day mortality and length of hos-

pital stay go in opposite directions (one showing benefit and

one harm).

The secondary outcomes have low power, which must be consid-

ered when interpreting the results. Power estimations for health-

related quality of life and cognitive functions were not conducted

because of a lack of available data. The lack of baseline data for the

EQ-5D-5L questionnaires and MoCA 5-min test precludes baseline

differences between the groups to be detected.

ICU survivors often require long rehabilitation, and some might

suffer from physical and psychological challenges. This can make

1-year follow-up more difficult and might have an impact on missing

data and risk of selection bias.35 MoCA 5-min test only detects mild

cognitive impairment which represents a potential risk that cognitive

deficits may be underestimated.

11 | TRIAL STATUS

The second version of the GODIF trial was launched on 1 June 2021

with complete enrolment expected in December 2024. On 31 July

2023, 307 participants were enrolled in the GODIF trial at 21 trial

sites in Denmark, Norway, Finland and Iceland. More sites and coun-

tries are expected to join the trial.
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