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ABSTRACT

Introduction Acute kidney injury (AKI) is a frequent
complication after cardiac surgery with adverse short-
term and long-term outcomes. Although prevention of AKI
(PrevAKi) is strongly recommended, the optimal strategy is
uncertain. The Kidney Disease: Improving Global Outcomes
(KDIGO) guideline recommended a bundle of supportive
measures in high-risk patients. In a single-centre trial,

we recently demonstrated that the strict implementation
of the KDIGO bundle significantly reduced the occurrence
of AKI after cardiac surgery. In this feasibility study,

we aim to evaluate whether the study protocol can be
implemented in a multicentre setting in preparation for a
large multicentre trial.

Methods and analysis We plan to conduct a prospective,
observational survey followed by a randomised controlled,
multicentre, multinational clinical trial including 280
patients undergoing cardiac surgery with cardiopulmonary
bypass. The purpose of the observational survey is to
explore the adherence to the KDIGO recommendations in
routine clinical practice. The second phase is a randomised
controlled trial. The objective is to investigate whether

the trial protocol is implementable in a large multicentre,
multinational setting. The primary endpoint of the
interventional part is the compliance rate with the protocol.
Secondary endpoints include the occurrence of any AKI
and moderate/severe AKI as defined by the KDIGO criteria
within 72 hours after surgery, renal recovery at day 90,
use of renal replacement therapy (RRT) and mortality at
days 30, 60 and 90, the combined endpoint major adverse
kidney events consisting of persistent renal dysfunction,
RRT and mortality at day 90 and safety outcomes.

Strengths and limitations of this study

» This will be the first multinational trial using a
biomarker-guided approach to detect high-risk pa-
tients for acute kidney injury (AKI).

» The strength of the prevention of AKI (PrevAKIl) mul-
ticentre project is the combination of a survey with
a multicentre-randomised controlled trial to explore
routine clinical practice and to investigate the feasi-
bility of the study protocol in multiple centres.

» The PrevAKI multicentre trial is not powered to eval-
uate the preventive effect of the Kidney Disease:
Improving Global Outcomes bundles on the occur-
rence of AKl and therefore a definitive future trial will
be needed.

Ethics and dissemination The PrevAKI multicentre
study has been approved by the leading Research Ethics
Committee of the University of Miinster and the respective
Research Ethics Committee at each participating site. The
results will be used to design a large, definitive trial.

Trial registration number NCT03244514.

INTRODUCTION
Acute kidney injury (AKI) is a well-recognised
complication  after  cardiac  surgery.'

Depending on the definition used, AKI occurs
in up to 45% of cardiac surgery patients,
and approximately 1%-2% of patients who
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require renal replacement therapy (RRT).*™* The under-
lying mechanisms of cardiac surgery-associated AKI are
not fully understood, but ischaemia-reperfusion injury,
inflammation and tubular epithelial cell dysfunction
often contribute.’

Independent of the underlying aetiology, AKI is asso-
ciated with increased morbidity and mortality, especially
in patients undergoing cardiac surgery with cardiopul-
monary bypass (CPB).°” Although most patients develop
mild AKI, mortality rates in these patients are five times
higher compared with patients without AKL® Moreover,
patients who survive an episode of severe AKI are at
high risk of developing chronic kidney disease (CKD),
which is associated with a worse long-term outcome
and a tremendous economic burden for the health-
care system.” Therefore, prevention of AKI has a high
priority."” Despite numerous clinical trials using different
pharmacological treatments, the optimal strategy to
prevent AKI is unknown.

The Kidney Disease: Improving Global Outcomes
(KDIGO) guideline from 2012 includes various recom-
to prevent AKI in high-risk patients,
including the discontinuation of all nephrotoxic agents
when possible, optimisation of volume status and haemo-
dynamics, consideration of a functional haemodynamic
monitoring, close monitoring of serum creatinine and
urine output, avoidance of hyperglycaemia and consider-
ation of alternatives to radiocontrast agents."'

Investigations have revealed that adherence with treat-
ment bundles is often low in routine clinical practice."
In addition, treatment bundles need to be applied before
the condition of interest actually develops. For AKI, this
means that the KDIGO recommendations should be
implemented in high-risk patients before the onset of AKI.
Novel biomarkers have been shown to identify patients at
high risk for AKI. Although a variety of biomarkers can
predict AKI after cardiac surgery,” point-of-care devices
to measure biomarkers at the bedside are only for neutro-
phil gelatinase-associated lipocalin (NGAL), and tissue
inhibitor of metalloproteinases-2 and insulin-like growth
factor-binding protein7 ([TIMP-2]*[IGFBP7]). NGAL is
influenced by different comorbidities whereas [TIMP-
2]*[IGFBP7] has a very high specificity and very good
predictive value. Therefore, we decided to use [TIMP-
2]*[IGFBP7] to identify patients at increased risk for
AK] 1416

In a single-centre trial, we previously demonstrated
that biomarkerguided implementation of the cardio-
vascular (CV) surgery AKI bundle (derived from the
KDIGO bundle) significantly decreased the occurrence
of AKI in high-risk patients undergoing cardiac surgery
(55.1% intervention vs 71.7% control group; p=0.004)."”
In preparation for a definitive adequately powered future
randomised controlled trial (RCT), we designed the
prevention of acute kidney injury (PrevAKI) multicentre
feasibility study to test the protocol in a multicentre
setting.

mendations

Objectives and aims

Aim 1 (observational study)

To evaluate adherence with the KDIGO guidelines

in routine clinical practice, we will test the following

hypothesis:

» Hypothesis I: the CV surgery AKI bundle is not applied
to all high-risk patients undergoing cardiac surgery.

Aim 2 (interventional trial)

To demonstrate that the implementation of the CV

surgery AKI bundle in cardiac surgery patients at high

risk for AKI is feasible in a multicentre trial, we will test

the following hypothesis:

» Hypothesis II: it is possible to implement the CV
surgery AKI bundle in high-risk patients undergoing
cardiac surgery in the context of a multicentre study.

METHODS AND ANALYSIS

Design and setting

This study is a prospective, observational survey followed
by a randomised-controlled, parallel group multicentre
trial conducted in 12 centres across Europe including the
UK (online supplementary eTable S1). The concept of
the study was approved by all members of the steering
committee (online supplementary eTable S2). The
protocol follows Consolidated Standards of Reporting
Trials and the conduct of the study is in accordance with
the Declaration of Helsinki (version Fortaleza, 2013).
The flow chart is summarised in figure 1.

Patient and public involvement

In Germany, Italy, Spain and Belgium, patients and public
were not involved in the research design of the study.
In the UK, members of the Kidney Patient Association
reviewed the protocol and were involved in designing the
patient information sheets. Study results will be published
open access. At request, patients or their representatives
will be informed about the results of the trial.

Participants

In the survey, we will include all adult patients under-
going cardiac surgery with CPB on two consecutive days
in all participating centres.

In the interventional trial, patients need to meet all
eligibility criteria to participate in the trial. All four inclu-
sion criteria need to be fulfilled prior to randomisation:
(1) patients undergoing cardiac surgery with CPB, (2)
urinary [TIMP-2]*[IGFBP7]20.3 at 4 hours after CPB, (3)
age between 18 and 90 years and (4) written informed
consent. Patients are excluded if any of the following
criteria is present: pre-existing AKI (=stage 1), need for
cardiac assist devices (extracorporeal membrane oxygen-
ation, left ventricular assist device, right ventricular
assist device, intra-aortic balloon pump), pregnancy or
breast feeding, known glomerulonephritis/interstitial
nephritis/vasculitis, CKD with an estimated glomerular
filtration rate <20 mL/min/1.73 m2, chronic dialysis
dependency, prior kidney transplant within the last 12
months and participation in another interventional trial
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Cardiac surgery patients

Exclusion criteria: 1. preexisting AKI (= stage 1) 2. cardiac assist devices 3. pregnancy/
breastfeeding 4. known glomerulonephritis/interstitial nephritis/vasculitis 5. chronic
kidney disease with e GFR < 20ml/min/1.73m2 6. chronic dialysis dependency 7. kidney
transplant within the last 12 months 7. pariicipation in another clinical trial in < 3 months
8. persons with any kind of dependency on the investigator or employed by the
sponsor/investigator 9. persons heldin an institution by legal or official order

v

[TIMP-2]*[IGFBP7] 2 0.3 (4h after CPB)
v

| Written informed consentand randomisation |

/\

Control group | | Intervention group

v v

Pre-intervention:
Demographic data, laboratory analyses, documentation of relevantdata

v v

Control Intervention
Standard care - Discontinuation of all nephrotoxic agents if possible
i - Haemodynamic monitoring + optimisation (algorithm)
- close monitoring of SCr, fluid balance, urine output
- avoidanceof hyperglycaemia
- consideration of alternatives to radiocontrastagents
- discontinuation of ACEi and ARBs for48h
- avoidanceof HES, gelatin, and chloride-rich solutions

v

Intervention time: 12h, after that standard care

v v

Primary endpoint: Compliance rate (proportion of patients who are treated
according to the protocol)

Secondary endpoints: - occumrence of AKI within 72h (according to the KDIGO

guidelines)

- moderate and severe AKI

- free days through day 28 of vasoactive medication and
mechanicalventilation

- renal recovery atdays 30,60,and 90

- all-cause mortality atdays 30,60, and 90

- length of stay in intensive care unitand hospital

- use and duration of RRT during hospital stay

- MAKEg, (major adverse kidney events consisting of
mortality, dialysis dependency persistentrenal
dysfunction

- determination of different biomarkers

- assessmentof complications related to the
implementation ofthe KDIGO guidelines

Inclusion criteria

Intervention

Follow-up

Figure 1 Trial workflow. Patients will be screened in all participating sites for eligibility on a daily basis. Prior to enrolment,

it is assured that none of the exclusion criteria are present and informed consent process is performed. Four hours after
cardiopulmonary bypass (CPB), urine samples for the measurement of tissue inhibitor of metalloproteinases-2 and insulin-like
growth factor-binding protein 7 [TIMP-2]*[IGFBP7] will be collected. In case [TIMP-2]*[IGFBP7] is 0.3, patients are at high risk
and randomisation can be performed. Patients in the intervention group will receive a functional haemodynamic monitoring
(according to the routine of each centre) immediately after randomisation and haemodynamic situation will be optimised
according to a haemodynamic algorithm (figure 2). Laboratory test will be analysed and variables relevant for the assessment
of renal and haemodynamic situation and safety will be recorded. Follow-up will be performed after 30, 60 and 90 days. ACEi,
ACE inhibitors; AKI, acute kidney injury; ARBs, angiotensin receptor blockers; eGFR, estimated glomerular filtration rate;
HES, hydroxyethyl starch; KDIGO, Kidney Disease: Improving Global Outcomes; RRT, renal replacement therapy; SCr, serum
creatinine.
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within the last 3 months. In addition, patients with any
kind of relationship with the investigator or employed by
the sponsor/investigator and patients held in an institu-
tion by legal or official order will not be included in the
trial.

Consent process

For the survey, written informed consent will be obtained
according to the country-specific requirement of the
research ethics committee.

For the interventional trial, a member of the research
team will inform the patient about the nature of the trial,
its aims, potential benefits as well as possible risks (online
supplementary material 1). Participants will be asked to
give written consent to participate in the study prior to
surgery. The consent form will be countersigned by a
member of the research team. The original document
will be stored in a secure place and the patient will receive
a copy. If the patient is unable to provide written consent,
a legally authorised representative will be consulted. If an
authorised representative is not immediately available,
the research team will follow the agreed recommenda-
tions of their local research ethics committee or country-
specific institutional review boards.

All data will be kept confidential and will be stored in
pseudonymised form. The patient has the right to with-
draw from the study atany time without providing a reason
and without their medical treatment being affected.

Observation

In the observational part, all adult patients undergoing
cardiac surgery in the participating centres will be
included. Data regarding routine management will be
collected, especially the adherence with the different
elements of the KDIGO bundle (online supplementary
material 2). This includes (1) discontinuation of all neph-
rotoxic agents, (2) optimisation of volume status and
haemodynamics (target mean arterial pressure (MAP)
=65 mm Hg (not fulfilled if MAP is <65 mm Hg and no
treatment is initiated to achieve this goal), (3) functional
haemodynamic monitoring (including echocardiog-
raphy, pulse contour cardiac output or pulmonary artery
catheter), (4) close monitoring of serum creatinine
every 12 hours and urine output hourly, (5) avoidance
of hyperglycaemia (blood glucose levels <150 mg/dL or
<8.3 mmol/L) and (6) avoidance of radiocontrast agents.

Randomisation and blinding

In the interventional trial, randomisation will be
performed centrally using a web-based randomisation
system provided by the European Society of Intensive
Care Medicine. Randomisation lists will be stratified by
centre, and generated using block randomisation with
randomly varying block sizes. Randomisation assignment
(in a 1:1 ratio to the two treatment arms) will be given
only to those patients who fulfil the inclusion criteria and
have none of the exclusion criteria, and where informed

consent has been obtained. The treatment protocol will
be applied immediately after randomisation.

Blinding of the intervention is not possible. Study inter-
vention will be performed by clinical staff involved in
anaesthesia and perioperative care. Endpoint assessment
will be performed by a blinded researcher not involved
in providing anaesthesia and perioperative care. Patients
will remain blinded to allocation.

Treatment

In the survey, there will be no study-related treatment
procedures. Every patient will be treated according to the
standards at the individual centre.

In the interventional trial, 4 hours after CPB, urinary
[TIMP-2]*[IGFBP7] will be measured to identify patients
at high risk for AKI. Patients with a value =0.3 (ng/
mL)Q/ 1000 will be randomised to one of the two treat-
ment arms.

Control group: patients will receive standard of care as
per centre.

Intervention group: the CV surgery AKI bundle will be
strictly implemented.

At different time points, blood and urine samples from
recruited patients will be collected to analyse different
biomarkers. All other therapies will be directed by the
patient’s clinical team. All medications will be dose
adjusted according to renal function in accordance with
standard dosing guidelines.

CV surgery AKI bundle

The CV surgery AKI bundle includes the following

measures:

» Discontinuation of all nephrotoxic agents if possible.

» Haemodynamic monitoring and optimisation
according to a predefined haemodynamic algorithm
(figure 2).

» Close monitoring of serum creatinine (twice a day),
fluid balance (twice a day) and urine output (every
hour as long as the patient has a Foley catheter; if the
patient does not have a Foley catheter, the urine is
collected for a certain time period and divided by the
number of hours to calculate hourly urine volume).

» Avoidance of hyperglycaemia (defined as >150 mg/
dL for more than 3 hours) by close monitoring for the
first 72 hours after surgery.

» Consideration of alternatives to radio contrast agents.

» Discontinuation of ACE inhibitors and angiotensin II
receptor blockers for the first 48 hours after surgery.

» Avoidance of hydroxyethyl starch, gelatin and
chloride-rich solutions.

Outcomes

In the survey, we will explore whether the different
elements of the KDIGO bundle are already incorporated
into routine clinical practice in the different centres. The
primary endpoint of this observation is the binary indi-
cator whether the CV surgery AKI bundle is completely
fulfilled at all times or not.
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volume: crystalloids 500-1000ml

‘L Increase of
CO>10%
PLRT —
Increase of CO €
<10 v X
< 2.5 l/min/m?
Cl >

dobutamine orepinephrine =

> 2.5 /min/m? |&

norepinephrine _I

Checkevery 3h up to 12h after

<65 mmHg
MAP —>
265mmHg |€
A 4
Goal achieved?
no yes

> randomisation

Figure 2 Haemodynamic algorithm of the intervention group. Patients of the intervention group will receive a functional
haemodynamic monitoring and an optimisation according to a haemodynamic algorithm consisting of three steps which need
to be checked every 3 hours: step 1—performance of the passive leg raising test. If the cardiac output (CO) increases by >10%,
then volume has to be supplemented (crystalloids 500-1000 mL according to the treating intensivist). If CO is <10%, step 2—
measurement of the cardiac index (Cl). If the Cl is <2.5 L/min/m?, then dobutamine or epinephrine (according to the treating
intensivist) needs to be applied. If Cl is >2.5 L/min/m?, then step 3—measurement of mean arterial pressure (MAP). If the MAP is
<65 mm Hg, then norepinephrine needs to be adjusted. If MAP is >65 mm Hg, then the goal is achieved. This is checked every
3 hours up to 12 hours after randomisation. PLRT, passive leg raising test.

Secondary outcomes will include
» adherence to the different components of the KDIGO

bundle.

The primary outcome of the interventional trial is the
compliance rate defined as proportion of patients who
are treated according to the trial protocol (CV surgery
AKI bundle fulfilled at all time). Adherence to the trial
protocol is achieved if all elements of the bundle are
followed. In addition, we will calculate the adherence
with the different individual components of the bundle.

Secondary outcomes include:

» Occurrence of AKI within the first 72 hours after
cardiac surgery (AKI as defined by the KDIGO
criteria).

» Moderate and severe AKI within 72 hours (according
to the KDIGO criteria).

» Free days through day 28 of vasoactive medications

and mechanical ventilation.

Renal recovery (defined as serum creatinine <0.5 mg/

dL higher than baseline) at days 30, 60 and 90.

All-cause mortality at days 30, 60 and 90.

Length of stay in intensive care unit and hospital.

Use of RRT at days 30, 60 and 90.

Major adverse kidney events (MAKE, consisting

of mortality, dialysis dependency persistent renal

dysfunction at day 90).

» Determination of different biomarkers (eg, TIMP2,
IGFBP7, NGAL, kidney injury molecule-1, chitinase,
hyaluronic acid).

» Complications related to the implementation of the
KDIGO guidelines documented (eg, arrhythmias).

v

vvyyvyy

Sample size

For the survey, no power analysis is required. The number
of patients is based on surgical volumes in the two consec-
utive days prior to the interventional trial and is expected
to be about n=100.

In the interventional trial, 1000 patients will be assessed
for eligibility, and 280 patients will be enrolled into the
trial and randomised (based on our previous findings).
This sample size is determined as follows:

Patients will be randomised in a 1:1 ratio to one of the
two treatment arms (intervention vs control). Randomisa-
tion serves to estimate the incidence of AKI as a secondary
outcome to generate preinformation in preparation for
an upcoming confirmatory trial.

The primary endpoint of the interventional trial is the
compliance rate, thatis, the proportion of patients treated
according to the trial protocol (intervention group: CV
surgery AKI bundle fulfilled at all time; control group:
documented standard of care according to current clin-
ical practice). In order to estimate the compliance rate,
the two treatment groups will be pooled together. In the
primary analysis, the compliance rate across all study
patients will be estimated along with a two-sided 95% CI.

As the compliance rate cannot be quantified in advance,
we pursue a worst-case approach and assume a compli-
ance rate of 50%. In this case, the CI has maximal width.
Based on this assumption, with a sample size of n=280
patients, the calculated 95% CI according to Clopper-
Pearson (Fleiss 2003) ranges from 44% to 56%. There-
fore, in case of any observed compliance rate apart from
the worst-case scenario, the 95% CI is never wider than
56%-44%=12%. This corresponds to an estimation of the
compliance rate with a precision of +6%.
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Statistical analysis

The study is designed to examine the feasibility of the
trial protocol in a multicentre setting (as previously
described).

In the observational study, we will evaluate whether the
different elements of the KDIGO guidelines are already
implemented in routine clinical practice. The primary
endpoint of the observational study is the binary indicator
whether the CV surgery AKI bundle is completely fulfilled
at all times or not. Descriptive data analyses will include the
calculation of means, SD and absolute and relative frequen-
cies. No formal statistical hypothesis will be tested.

In the interventional trial, beyond descriptive analyses,
inferential statistical analyses will be performed. In the
primary statistical analysis, the two treatment groups will
be pooled together and the compliance rate across all
recruited study patients will be estimated along with a two-
sided 95% CI according to Clopper-Pearson (Fleiss 2003).

Randomisation serves to estimate the incidence of AKI
separately in two treatment groups as secondary outcome,
in order to generate preinformation in preparation for
an upcoming confirmatory trial. Randomisation will be
checked by suitable two-sided statistical tests (), or Fish-
er’s exact test for categorical data, Students’ t-test or Mann-
Whitney U tests for continuous data). If normality of the
data is not given, non-parametric methods will be used.
Secondary endpoints will be analysed in the intention
to treat collective using Fisher’s exact tests or x* tests for
categorical data, and Student’s t-tests or Mann-Whitney U
tests for continuous data. In a secondary analysis, we will
investigate whether there is a difference in the incidence
of AKI as defined by serum creatinine, urine output and
the composite of the two between the treatment groups.
Prognostic risk factors for AKI will be identified using a
multivariable logistic regression analysis, accounting for
confounding factors. In particular, based on a full model
with potentially relevant covariates (eg, sex, age, previous
heart surgery, preoperative creatinine), the final model
will be established applying a stepwise variable selection
procedure.

Ethics and dissemination

The PrevAKI-multicentre study has been approved by
the leading Research Ethics Committee of the Univer-
sity of Munster (2017-291 f-S) and the corresponding
Research Ethics Committee at each participating site
(online supplementary eTable S3). Trial oversight will
be performed by an independent Data Safety and Moni-
toring Board. The task is to oversee the safety of the
trial subjects and to monitor integrity and validity of the
conduct of the clinical trial.

The results will be presented at national as well as
international conferences. The final manuscript will be
published in a peer-reviewed journal and results will be
used to design a large multicentre trial with the primary
objective to investigate whether the implementation of
the CV surgery AKI bundle reduces the occurrence of
AKI in high-risk patients undergoing cardiac surgery.

The Standard Protocol Items: Recommendations forln-
terventional Trials checklist is included in the online
supplementary material.

DISCUSSION

The PrevAKI-multicentre study is a prospective, observa-
tional survey followed by randomised controlled, multi-
centre and multinational, clinical trial with the primary
goal to investigate the feasibility of the study protocol in
a multicentre and multinational setting. In the absence
of any preventive pharmacological options, the KDIGO
guidelines recommend a bundle of supportive measures
in patients at high risk for AKL."' Whether these recom-
mendations truly reduce the occurrence of AKI remains
to be confirmed. In the first single-centre randomised
controlled PrevAKI trial, we could demonstrate that the
new renal biomarkers [TIMP-2]*[IGFBP7] identified
patients at high risk for the development of AKI and
that the CV surgery AKI bundle significantly reduced
the occurrence of AKI by 15%." A further single-centre
trial demonstrated similar results in patients undergoing
major abdominal surgeries receiving a bundled interven-
tion.'8 However, these were single-centre trials and single-
centre trials often show positive results. A large RCT is
needed to confirm these findings. In preparation, it is
necessary to explore first how many patients are already
treated according to the KDIGO recommendations and
second whether the implementation of the CV surgery
AKI bundle is feasible in a multicentre, multinational
setting. The results will inform the researchers whether
changes to the protocol are required before proceeding
with a large trial to reduce the occurrence of AKI after
cardiac surgery.

Trial status
Recruitment started in November 2017. We estimate to
complete the study in January 2020.
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