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Objective: This article describes the statistical analysis plan for the Biomarker-guided intervention to
prevent AKI after major surgery (BigpAK-2) trial.
Design: Adaptive trial design with an interim analysis after enrolment of 618 evaluable patients.
Setting: The BigpAK.-2 trial is an international, prospective, randomised controlled multicentre study.
Participants: The BigpAK-2 study enrols patients after major surgery who are admitted to the intensive
care or high dependency unit and are at high-risk for postoperative AKI as identified by urinary bio-
markers (tissue inhibitor of metalloproteinases-2 and insulin-like growth factor binding protein 7
([TIMP-2]*[IGFBP7]) will be enrolled.
Intervention: Patients are randomly and evenly allocated to standard of care (control) group or the
implementation of a nephroprotective care bundle (intervention group), as recommended by the Kidney
Disease: Improving Global Outcomes (KDIGO) guidelines. The KDIGO care bundle recommends discon-
tinuation of nephrotoxic agents if possible, ensuring adequate volume status and perfusion pressure,
considering functional haemodynamic monitoring, regular monitoring of serum creatinine and urine
output, avoiding hyperglycemia, and considering alternatives to radiocontrast procedures when possible.
Results: The BigpAK-2 study investigates whether the biomarker-gudied implementation of the KDIGO
care bundle reduces the incidence of moderate or severe AKI (stage 2 or 3), according to the KDIGO 2012
criteria, within 72 h after surgery.
Conclusion: AKI is a common and often severe complication after major surgery. As no specific treat-
ments exist, prevention of AKI is of high importance. The BigpAK-2 study investigates a promising
approach to prevent AKI after major surgery.
Trial registration: The trial was registered prior to start at clinicaltrials.gov; NCT04647396.

© 2024 The Authors. Published by Elsevier B.V. on behalf of College of Intensive Care Medicine of
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1. Introduction

Acute kidney injury (AKI) is a common complication after major
surgery and is associated with increased morbidity and mortality
rates.1 Major surgery is a key risk factor for the occurrence of acute
kidney injury (AKI). The incidence of AKI after major surgery is
highly variable depending on average age and comorbidities of the
patient cohort, as well as the type of surgery performed.2e5

Recently, the first prospective and international multicentre EPIS-
AKI study reported an incidence of postoperative AKI of 18.4%.6 If
AKI occurs after major surgery, it is associated with postoperative
complications, such as prolonged stay in the intensive care unit
(ICU), development or progression of chronic kidney disease (CKD),
and need for renal replacement therapy (RRT).6,7 Given this sig-
nificant impact on patient outcomes and a lack of causative therapy,
prevention of AKI is of high relevance. For the prevention of AKI, the
Kidney Disease: Improving Global Outcomes (KDIGO) group rec-
ommends the implementation of a nephroprotective care bundle in
high risk patients.8 This care bundle consists of the following rec-
ommendations: discontinue all nephrotoxic agents when possible,
ensure volume status and perfusion pressure, consider functional
haemodynamic monitoring, monitor serum creatinine and urine
output, avoid hyperglycemia, and consider alternatives to radio-
contrast procedures. However, research suggests that only a mi-
nority of critically ill patients is currently treated according to these
guidelines.9,10,11

AKI is detected by a rise of serum creatinine or a reduction in
urinary output (oliguria/anuria), according to KDIGO guidelines.8

However, these two functional biomarkers currently used for
detecting and staging AKI have several limitations.11,12,13 Novel
kidney biomarkers however identify patients at high risk for AKI,
thereby extending the window of therapeutic interventions to a
period before clinically manifest AKI occurs. Several studies
demonstrated that the tubular stress and cell-cycle arrest bio-
markers tissue inhibitor of metalloproteinases 2 (TIMP-2) and
insulin-like growth factor binding protein 7 (IGFBP7) have a good
performance in predicting the development of AKI.14,15,16,17 These
biomarkers may thus allow a biomarker-guided implementation of
the KDIGO care bundle and allow an intervention before a decline
of kidney function occurs. Previous studies have successfully
investigated this approach both in cardiac surgery and in a small
cohort of abdominal surgery patients.10,18,19,20

1.1. Objectives of the trial

The primary objective of the BigpAK-2 trial is to determine the
effectiveness of a biomarker-guided application of the KDIGO
bundle in reducing the occurrence of post-operative moderate or/
and severe AKI compared to standard of care. Patients at high risk
for AKI are identified by the tubular stress biomarkers tissue in-
hibitor of metalloproteinases-2 and insulin like growth factor
binding protein 7 ([TIMP-2]*[IGFBP7]). The study protocol has been
previously published.21

2. Study design and participants

The BigpAK-2 trial is an international, prospective, randomised
controlled multi-centre trial conducted at 32 study sites in Ger-
many, Spain, Italy, France, the United Kingdom, Switzerland,
Belgium and the Netherlands. A maximum number of 1418 evalu-
able patients will be enrolled during the recruitment period
(including 618 patients in a first stage of recruitment and
depending on the interim results up to 800 additional patients).
The study enrols patients undergoing extended surgical procedures
that require postoperative treatment in an intensive care or
intermediate care unit. High-risk patients for postoperative AKI are
identified by urinary biomarkers (tissue inhibitor of
metalloproteinases-2 and insulin-like growth factor binding pro-
tein 7 ([TIMP-2]*[IGFBP7]) and additional pre-defined clinical risk
factors (need for mechanical ventilation or vasopressors, pre-
operative CKD with an eGFR 30e60 ml/min/1.73m2, intra-
operative application of radiocontrast agents, or age >75 years).
Eligible patients are randomly allocated to standard of care (control
group) or the application of a nephroprotective care bundle
(intervention group), as recommended by the KDIGO guidelines.
The duration of the study intervention (KDIGO bundle or standard
of care) is 72 h, with follow-up until 90 days after surgery. Co-
enrolment in other studies is possible as long as they are obser-
vational or the intervention does not affect renal outcomes.

2.1. Sample size and power

Sample size and power calculations were performed based on a
group sequential adaptive plan with one interim analysis and the
primary endpoint occurrence of moderate or severe AKI (KDIGO
stage 2 or 3) within 72 h after surgery. The expected AKI rate (�
stage 2), substantiated by published data of the BigpAK trial, in the
control group and the intervention group is 20% and 14%, respec-
tively. The target power was set to 80%. The interim analysis is
performed when 309 evaluable patients have been recruited in
each treatment group (2x309 ¼ 618 patients in total). Using the
results of the interim analysis, the sample size of the final analysis
will be determined (see below).

The original power calculation was performed under the
assumption that the final statistical analysis is performed when
additional 309 evaluable patients have been recruited after the
interim analysis in each treatment group (2x309þ2x309 ¼ 1236
evaluable patients in total). The resulting operating characteristics
of the group sequential adaptive plan for the one-sided tests are
shown in Table 2. Calculations were performed using the ADDPLAN
software.

A number of up to 5% of recruited patients are expected to be
lost to follow up and in the worst case have completely non-
evaluable data. Therefore, an expected total number of 1302 pa-
tients have to be recruited in order to provide a number of 1236
evaluable patients. The final sample size adaptation rule (specified
below) was designed to guard against deviations from the original
planning assumptions. It will result in the possible total numbers of
evaluable patients 618, 1118 or 1418. Although the above total
number of 1236 evaluable patients therefore cannot occur, the
original operating characteristics are maintained: under the ex-
pected AKI rates (� stage 2) of 20% in the control group and 14% in
the intervention group, the attained power is >80% (see below).

2.2. Randomisation

Treatment assignment will be accomplished using the RandIMI
module for the electronic data capture system REDCap and ran-
domisation will be performed centrally in a 1:1 proportion in
blocks of a randomly chosen length of 4 or 6, stratified by cen-
ter.22e24 The study personnel involved in adjudication of endpoints
or complications will be blinded to treatment assignment. Other
study personnel and the patients cannot be blinded to treatment
assignment due to the nature of the intervention.

3. Outcome measures

The primary outcome of the study is the occurrence of moderate
or severe AKI (KDIGO stage 2 or 3) within 72 h after surgery. Sec-
ondary outcomes include adherence to the KDIGO bundle,



Table 1
Primary and secondary outcomes.

Primary outcome
Occurrence of moderate or severe AKI (KDIGO stage 2 or 3) within 72 h after

surgery
Secondary outcomes
1. Adherence to the KDIGO bundle5

2. Occurrence and severity of any stage of acute kidney injury within 3 days
after surgery

3. Change in biomarker values during 12 h after initial measurement of
[TIMP2]*[IGFBP7]

4. Free-days of mechanical organ support through to day 3
5. Free-days of vasopressors through day 3
6. Need of RRT at day 30 and 90
7. Duration of RRT at day 30 and 90
8. Renal recovery at day 90
9. 30-day and 90-day mortality

10. ICU length-of-stay and Hospital length-of-stay
11. Major adverse kidney events (MAKE90) (defined as the composite of death,

use of RRT and persistent renal dysfunction (defined as serum creatinine
�2x to baseline value at hospital discharge)) at day 90
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occurrence of any stage of AKI, change in biomarker values during
12 h after initial measurement, free days of mechanical organ
support through to day 3, free-days of vasopressors through day 3,
need of RRT at day 30 and 90, duration of RRT at day 30 and 90,
renal recovery at day 90, 30-day and 90-day mortality, ICU length-
of-stay and Hospital length-of-stay, Major adverse kidney events
(MAKE90) (defined as the composite of death, use of RRT and
persistent renal dysfunction (defined as serum creatinine �2x to
baseline value at hospital discharge)) at day 90. Table 1 shows the
primary and secondary outcomes.
3.1. Data monitoring

Postoperative complications are recorded and reported as sec-
ondary outcomes. The safety population includes all patients who
were randomised. Safety data are regularly monitored during the
recruitment period by an external Data Safety Monitoring Board
(DSMB).

Quality of the data and outcome measures is regularly moni-
tored in every participating site. Data quality monitoring is per-
formed after 10 patients recruited in any new study site and
consecutively after further every 20 recruited patients. Sites with
more than 40 recruited patients are monitored by additional on-
site visits.
3.2. Statistical analysis

3.2.1. Primary statistical analysis: Basic concepts

3.2.1.1. Analysis populations. The full analysis population includes
all patients who will be randomised. The per protocol population
includes all patients without major protocol deviations.

Major protocol deviations that lead to exclusion from the per
protocol population are.

1. Violation of inclusion/exclusion criteria
2. Noncompliance to the randomised intervention
Table 2
Decision bounds and operating characteristics of the original group sequential adaptive

Stage Infor-mation rate Bounds accept H0 Bounds reject H0 Sig

1 0.5 e 2.963 0.0
2 1.0 1.969 1.969 0.0
The safety population includes all patients who were
randomised.
3.2.1.2. Primary hypothesis and statistical approach. The null hy-
pothesis H0: AKI1 ¼ AKI0 will be tested at a significance level of 5%
against the two-sided alternative H1: AKI1sAKI0, where AKI1 de-
notes the primary endpoint rate under the interventional treat-
ment and AKI0 under standard care. The primary statistical analysis
provides confirmatory statistical evidence.

Formally, the two-sided test will be decomposed into two one-
sided tests of the null hypotheses H0a: AKI1�AKI0 and H0b: AKI1-
�AKI0 against the respective alternatives. The significance level of
each of the one-sided tests will be 2.5%. This is common practice for
an adaptive design as difficulties in the interpretation of the two-
sided testing procedures arise when results from different stages
point in different directions.25

A group sequential adaptive plan with one interim analysis will
be conducted. The statistical analysis will be performed applying
the inverse normal method based on a group sequential plan with
decision bounds determined by the O'Brien and Fleming type alpha
spending function without futility stop.25 Those bounds are based
on one interim analysis conducted at information rate 0.5 and
remain fixed as given in Table 2. The combination function of stage
1 and 2 will be constructed using fixed weights of both stagesw1 ¼
w2 ¼

ffiffiffiffiffiffiffi

0:5
p

(corresponding to half of the total number of patients,
information rate 0.5). The primary statistical analysis will include
all randomised patients (full analysis set) and will be performed
according to the intention-to-treat principle (ITT) in order to pre-
vent attrition bias. The randomised groups will be compared with a
Cochrane Mantel Haenszel test26 with stratification by center as
“factors on which randomisation has been stratified should be
accounted for later in the analysis” as stated by the ICH E9 Guide-
line. Stagewise p-values will be computed based on all patients
recruited in the respective stage, including all stratawithmore than
one patient. The results of the interim analysis will be compared to
the final results in order to find out whether changes in practice
may already have occurred during the study period. Missing values
that may arise in effectiveness or safety parameters will not be
replaced by any kind of statistical imputation. Statistical analyses
will be performed using standard statistical software (SAS).
4. Primary statistical analysis: Details of the interim analysis
and sample size adaptation

The interim analysis will be performed using data of the first
n1: ¼ 2x309 ¼ 618 evaluable patients (309 patients per treatment
group).

If the interim p-value painterim of the one-sided null hypothesis
H0a: AKI1�AKI0 is at most 0.0015, the trial is finished. It will be
concluded that the primary endpoint rate under the interventional
treatment AKI1 is lower than under standard care (AKI0), and that
the interventional treatment is superior to standard care.

If the interim p-value pbinterim of the one-sided null hypothesis
H0b: AKI1�AKI0 is at most 0.0015, the trial is finished. It will be
concluded that the primary endpoint rate under the interventional
treatment AKI1 is higher than under standard care (AKI0), and that
the interventional treatment is inferior to standard care.
plan.

nifi-cance level (one-sided) a spent Power achieved Sample size

015 0.0015 0.1647 2x309
245 0.0250 0.8010 2x309
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If either pa
interim�0.0015 or pb

interim�0.0015, recruitmentwill stop
as soon as possible. The primary final analysis will be performed
with all patients who have been included in the interim analysis.
Additional sensitivity analyses will be performed, additionally
including “interim patients” who have been recruited between the
data base lock of the interim analysis and the final recruitment stop.

If both p-values of the one-sided null hypotheses H0a: AKI1-
�AKI0 and H0b: AKI1�AKI0 are >0.0015, the trial will be continued
and the following procedure will be applied.

Based on painterim the number of additional evaluable patients n2
(recruited after the interim analysis) will be determined as follows.

� If painterim � 0.0015, the trial is finished after the interim analysis
(see above).

� If 0.0015 < pa
interim � ainterim,

an additional number of n2 ¼ 2x250 ¼ 500 evaluable patients
will be recruited.

The final statistical analysis will be performed using data of
n2 ¼ 2x250¼ 500 additional patients, who were recruited after the
interim analysis.

The total number of evaluable patients is
n1þn2 ¼ 618 þ 500 ¼ 1118 (559 patients per treatment group).

� If pa
interim > ainterim (or even >0.5),

an additional number of n2 ¼ 2x400 ¼ 800 evaluable patients
will be recruited.

The final statistical analysis will be performed using data of
n2 ¼ 2x400 ¼ 800 additional patients, who were recruited after the
interim analysis.

The total number of evaluable patients is n1þn2 ¼ 618 þ 800 ¼
1418 (709 patients per treatment group). P-values in the range
pa
interim > ainterim include those with pa

interim >0.5. P-values painterim

>0.5 occur if the pooled Odds Ratio comparing patients under the
interventional treatment to those under standard of care is greater
than 1, indicating that the interventional treatment may be inferior
to standard care.

Theparameterainterimwas specified at the timewhen thepresent
Statistical Analysis Plan (SAP) was written (12 May 2023). Since
then, its value is finally determined and will not be changed. The
specified value of ainterim however is not included in the present SAP.
It must be kept confidential until 500 additional patients that have
not been included in the interim analysis have been recruited, in
order to preserve the integrity of the trial. An appendix to the SAP
waswritten at the same time as the present SAP (12May 2023). The
appendix to the SAP contains the specified value of ainterim. The
appendix to the SAP was sent to the DSMB. The DSMB deposits the
appendix to the SAP until the end of the trial. It guarantees that the
appendix to the SAP is not accessed by the Principal Coordinating
lnvestigator (PCI) or any other study personnel. After the end of the
trial, the DSMBwill assess and confirm that the trial was conducted
according to the previously specified value of ainterim. If the trial is
continued after the interim analysis, the information about the
further recruitment will be reported to the Principal Coordinating
Investigator (PCI) and all other study personnel in a stepwise way.
Therefore, after the interim analysis, the PCIwill be informed only, if
the trialwill befinished after the interimanalysis (n2¼0), or if itwill
be continued. If the trial is continued, the PCIwill not get to knowthe
sample size n2 yet.Whether the sample size n2 is 500 or 800, will be
reported to the PCI only in a second step, at the timewhen additional
500 evaluable patients have been recruited. At that time, the PCIwill
be informed, if the final sample size is reached (n2 ¼ 500), or if
recruitment will be continued up to additional 300 evaluable pa-
tients (so that n2 ¼ 500 þ 300 ¼ 800).
4.1. Dataset analysed

The Consolidated Standards of Reporting Trials (CONSORT) will
present all patients that were screened for the study. If consent is
not obtained or withdrawn, datawill be excluded from the analysis.
Clinical data will be collected from the electronic healthcare record
of each participating site and entered on an electronic CRF (RedCAP,
Research Electronic Data Capture, Version 10.6.22, respectively up-
to-date version, Vanderbilt University) in a pseudoanonymised
form. Patient identifiable information will not be included in the
data-analysis. Data transmission and storage of web-based infor-
mation is encrypted and will be stored and backed up at the
Westphalian Wilhelms University of Münster in Germany.
4.2. Trial profile and overview

The final statistical analysis will be conducted after the
completion of the last follow-up of the last recruited patient, data
cleaning and final hard locking of the database. The final study
report will follow the guidelines of the Consolidated Standards of
Reporting Trials (CONSORT) for reporting randomised controlled
trials.27 A flow diagram following the CONSORT guidelines will
summarize the recruitment flow of the study. This diagram in-
cludes the number of screened patients, those meeting exclusion
criteria and which exclusion criteria, eligible patients, informed
consent, and those randomised into each of the study arms. The
SAP has been written in accordance with the International Council
for Harmonisation (ICH) guidelines (E9 Statistical Principles for
Clinical Trials and E3 Structure and content of clinical study
reports)28,29.
5. Descriptive summary of study data

All continuous variables will be summarised using the following
descriptive statistics: n (non-missing sample size), number of
missing values, mean, standard deviation, median, first and third
quartile, minimum, maximum.

For categorical variables the frequency and percentages of
observed levels will be reported based on the non-missing sample
size. All summary tables will be structured by treatment arms and
annotated with the total population size relevant to that table/
treatment, including any missing observations.

Censored variables will be summarised using KaplaneMeier
estimation.
5.1. Patient baseline characteristics

Baseline characteristics at time of randomisation will be re-
ported for each of the two study arms. The randomisation success
will be evaluated by comparing demographic and clinical charac-
teristics between the randomised groups. Differences between
treatment groups will be quantified as follows:

1. Normally distributed continuous variables: Student's two-
sample t test, absolute mean difference between groups

2. Non-normally distributed continuous variables: Wilcoxon two-
sample test (t approximation), Hodges-Lehmann estimator of
location shift

3. Categorical variables: Chi squared test, Absolute difference of
percentages, odds ratio

4. Censored variables: Log rank test, Absolute difference of per-
centages of observed events, hazard ratio



Table 3
Operating characteristics.

Expected primary endpoint rate under
standard care AKI0

20% 20% 20% 20%

Expected primary endpoint rate under
the interventional treatment AKI1

10% 14% 15% 20%

Total number of patients:
1. Minimum 618 618 618 618
2. Average 772.8 1145.1 1222.8 1400.8
3. Maximum 1418 1418 1418 1418

Percent stops after stage 1 70.8% 16.3% 9.1% 0.3%
Overall power (rejection of H0a) 99.9% 82.1% 66.0% 2.5%
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5.2. Outcome measure analysis

5.2.1. Primary statistical analysis: Final analysis
In the final statistical analysis, data of n2 additional patients will

be evaluated, who were recruited after the interim analysis
(n2 ¼ 500 or n2 ¼ 800, see above).

The final overall p-value pa
final of the one-sided null hypothesis

H0a: AKI1�AKI0 is defined as the minimal possible one-sided sig-
nificance level, that could have been specified, so that the final
statistical analysis would result in rejection of the null hypothesis
H0a: AKI1�AKI0 against the one-sided alternative H1a: AKI1<AKI0.
This concept is known as a repeated p-value.30 If the final overall p-
value is pafinal�0.025, it will be concluded that the primary endpoint
rate under the interventional treatment AKI1 is lower than under
standard care (AKI0), and that the interventional treatment is su-
perior to standard care. This is the case if and only if the combined
p-value of the stagewise p-values for H0a is smaller than the local
significance level of the second stage (see Table 2).

The final overall p-value pbfinal of the one-sided null hypothesis
H0b: AKI1�AKI0 is defined as the minimal possible one-sided sig-
nificance level, that could have been specified, so that the final sta-
tistical analysis would result in rejection of the null hypothesis H0b:
AKI1�AKI0 against the one-sided alternative H1b: AKI1>AKI0. If the
final overall p-value is pbfinal�0.025, it will be concluded that the
primary endpoint rate under the interventional treatment AKI1 is
higher than under standard care (AKI0), and that the interventional
treatment is inferior to standard care. This is the case if andonly if the
combinedp-valueof the stagewise p-values forH0b is smaller than or
equal to the local significance level of the second stage (see Table 2).

The final overall two-sided p-value pfinal is defined as the min-
imum of the doubled one-sided p-values pa

final and pb
final, i.e.

pfinal ¼min(2$pa
final,2$pbfinal). The corresponding confidence interval

of the Odds Ratio will be computed applying the repeated confi-
dence interval approach. All reported numbers of patients refer to
patients with evaluable primary endpoint data. The corresponding
numbers of recruited patients may be increased in order to
compensate for missing data.

5.2.1.1. Operating characteristics. The operating characteristics of
the applied design and sample size adaptation are shown in Table 3,
including the total numbers of patients, percent stops after stage 1,
and overall power. The operating characteristics were determined
with the R software (RPACT package) in 1.000.000 simulation
runs31,32. Simulated data were generated assuming equal primary
endpoint rates across all strata under standard care (AKI0 ¼ 20% in
all strata), as well as under the interventional treatment
(AKI1 ¼ 10%/14%/15%/20% in all strata). The statistical analysis of
simulated data was performed with Pearson's chi-squared tests.

6. Secondary statistical analyses

Secondary outcomes will be evaluated in the full analysis set
according to ITT. Secondary statistical analyses are intended to be
exploratory (hypothesis generating) and will be interpreted
accordingly. A two-sided p-value of �0.05 will be considered as
noticeable without adjustment for multiplicity.

Statistical analysis of the pre-specified secondary endpoints will
be performed with descriptive and inferential statistical methods.
In inferential statistical analyses two-sided significance tests will be
applied with a local significance level alpha ¼ 0.05. All point esti-
mates of parameters of interest will be supplemented by 95%
confidence intervals unless otherwise stated. Secondary outcomes
will be evaluated and compared between the randomised treat-
ment arms with stratification by center using the following
methods. In case of normally or non-normally distributed metric
outcomes, a two-way ANOVA or the van Elteren test will be applied,
respectively. Categorical outcomes will be analysed using (gener-
alized) Cochrane Mantel Haenszel tests. Survival data will be ana-
lysed using the KaplaneMeier method and the stratified log-rank
test. Hazard ratios will be estimated based on stratified Cox pro-
portional hazards models after checking the proportional hazards
assumption based on the Schoenfeld residuals.

6.1. Sensitivity analyses

Sensitivity analyses include per protocol population analyses of
the primary outcome, excluding patients with major protocol de-
viations. In additional sensitivity analyses, the primary outcome
will be evaluated with an amended stratification, combining strata
that include fewer than 5 patients. In additional sensitivity ana-
lyses, we will investigate the effect of the actual implementation of
individual components of the KDIGO bundle. The KDIGO bundle
will be decomposed into its individual components. Multivariable
statistical analyses will include a separate factor for every indi-
vidual component of the KDIGO bundle. Each of these factors in-
dicates if the respective component of the KDIGO bundle was
actually implemented or not (as-treated approach).

6.2. Treatment of missing data

Missing data will not be imputed.

7. Deviation from analysis described in protocol

Not applicable.

8. Data availability statement

Individual patient data will not be made available with this
publication because the BigpAK-2 trial is ongoing. Individual pa-
tient data will be accessible in anonymised form from the principal
investigator after study completion upon reasonable request and in
line with German data safety regulations.

9. Limitations

The most important feature of the developed adaptive trial
design is the use of interim results to drive the further conduct of
the trial, including the possible early completion of the trial after
the interim analysis. The design and its application comes up with a
few challenges and drawbacks that e even though they are out-
weighed by desirable properties e are worth to be mentioned. One
important challenge is to keep the interim results strictly confi-
dential in order to preserve the integrity of the trial. The stagewise
results may deviate from each other toomuch and thereforemay be
difficult to interpret. A similar problemmay arise when the interim
analysis is repeated including “interim patients”, who have been
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recruited between the data base lock of the interim analysis and the
final recruitment stop. In the final statistical analysis, stagewise
results are combined with pre-determined fixed weights. These
weights do not completely agree with the optimal weights that
would be adapted to the actual sample size of both stages. It is not
possible however to pre-determine the stage 2 sample size and
corresponding optimized weights. Pre-determination of stage 2
would contradict the desired possibility to flexibly adjust the
further conduct of the trial after the interim analysis.

10. Conclusion

The BigpAK-2 study will provide definitive evidence for the
hypothesis that a biomarker-guided implementation of the KDIGO
bundle reduces the occurrence of moderate or severe AKI after
major surgery. Using an adaptive trial designwith interim analyses,
a pragmatic and efficient determination of required sample size
will be achieved.

Ethics approval

The study was approved by the Ethics Committee Westfalen-
Lippe and subsequently by the corresponding Ethics Committee
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