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Abstract

embolic events and health-related quality of life.

prediction score for CKD in this population.

Background: Acute kidney injury (AKI) is frequent and associated with poor outcome in intensive care unit (ICU)
patients. Besides the association with short- and long-term mortality, the increased risk of chronic kidney disease
(CKD) has been recently highlighted in non-ICU patients. This study aims to describe the incidence and determinants
of CKD after AKl and to develop a prediction score for CKD in ICU patients.

Methods: Prospective multicenter (n=17) observational study included 1200 ICU patients who suffered from AKI
(defined by an AKIN stage > 1) during their ICU stay and were discharged alive from ICU. Preexisting end-stage renal
disease (ESRD) and immunosuppressant treatments are the main exclusion criteria. Patients will be monitored by a
nephrologist at day 90 and every year for 3 years. The main outcome is the occurrence of CKD defined by a creatinine-
based estimated glomerular filtration rate (eGFR) lower than 60 mL/min/1.73 m? or renal replacement therapy for
ESRD in patients whose eGFR will be normalized (=60 mL/min/1.73 m?) at day 90. Secondary outcomes include
albuminuria changes, eGFR decline slope and ESRD risk in patients with preexisting CKD, cardiovascular and thrombo-

Discussion: This is the first study prospectively investigating kidney function evolution in ICU patients who suffered
from AKI. Alouminuria and eGFR monitoring will allow to identify ICU patients at risk of CKD who may benefit from
close surveillance after recovering from AKI. Major patient and AKl-related determinants will be tested to develop a

Trial registration ClinicalTrials.gov, NCT03282409. Registered on September 14, 2017
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Background

Acute kidney injury (AKI) occurs very frequently in
patients admitted to an intensive care unit (ICU). The
prevalence of AKI in ICU patients has been estimated
between 5 and 15% [1-3]. It is strongly and indepen-
dently associated with short- and long-term mortality
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and indicate if changes were made.

[4]. While acute tubular necrosis is the most frequently
reported cause of AKI in ICU patients, numerous patho-
logical patterns have been observed in autopsy of kidneys
in patients who died in the ICU following a septic shock
[5]. This highlights the complexity of AKI in ICU, related
to many harmful factors from ischemia—reperfusion
lesions to sepsis-specific injuries. This may explain the
association with AKI occurrence in the ICU and long-
term mortality as some of these injuries are not as able to
regenerate as tubular cells [3]. Moreover, endothelial dys-
function may be a worsening factor impacting long-term
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renal recovery and so the occurrence of chronic kidney
disease.

Besides an association between AKI occurrence and
long-term arterial hypertension, AKI has also been asso-
ciated with chronic kidney disease (CKD), even if glo-
merular filtration rate (GFR) rose back to normal range
[6, 7]. However, most of these data come from adminis-
trative registries and mostly include non-ICU patients.
In the ICU setting, Wald et al. [8] reported an incidence
of end-stage renal disease (ESRD) of 2.63 and 0.91 cases
per 100 ICU person-year in patients with AKI requiring
dialysis during the ICU stay, and in matched controls
without AKI, respectively. While it is well recognized
that an early management of CKD patients may slow
GEFR decline, the identification of AKI patients at risk to
develop CKD is uneasy.

Thus, we aim to develop a prediction score for CKD
in patients who suffered from AKI during their ICU stay
and were discharged alive using a prospective multi-
center observational study.

Methods/design

Design and setting

The prediction of chronic kidney disease after acute kid-
ney injury in the intensive care unit (PREDICT) study
is a multicenter observational prospective study pro-
moted by the Assistance Publique—Ho6pitaux de Paris.
The study aims to evaluate factors associated with CKD
risk in patients discharged alive from ICU and who suf-
fered from AKI during ICU stay. The study was designed
by both the medico-surgical intensive care unit and the
department of clinical research and public health of
Ambroise Paré Hospital (Boulogne-Billancourt, France)
and the INSERM (French National Institute of Medical
Research) Unit 1018 (Villejuif, France).

Patients who comply with the inclusion criteria will
be monitored by a nephrologist at day 90 after ICU
discharge and annually thereafter during 3 years: cre-
atinine-based GFR estimation (eGFR), albuminuria
measurement, cardiovascular events as well as health-
related quality of life will be collected at each time point
as shown in the Standard Protocol Items: Recommen-
dations for Interventional Trials (SPIRIT) 2013 diagram
(Fig. 1).

Ethical considerations

This study follows the principles of the Helsinki Decla-
ration 2008. The whole protocol has been reviewed and
approved by the Comité de Protection des Personnes—
Sud-Est III (no. 2017-053B).
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Registration

The study is registered on Clinical Trials (NCT03282409)
and on the European Clinical Trials Database (EudraCT
2017-A02649-44).

Participants

The study will enroll adults (18 years or older) discharged
alive from ICU and who suffered from AKI during ICU
stay. Participants will be eligible if they meet the acute
kidney injury network (AKIN) classification stage 1 or
higher [9]. All patients will have to be able to read and
understand the patient information form and provide
written informed consent. Patients will not be eligible
for enrollment if (1) they suffer ESRD (defined by an
eGFR below 15 mL/min/1.73 m? or renal replacement
therapy, i.e., dialysis or renal transplantation) before the
index hospitalization, (2) they require renal replacement
therapy at ICU discharge, (3) if they were prescribed
immunosuppressive agents before index hospitaliza-
tion or (4) there was no extra-renal failure at the time
of acute kidney injury (defined by a SOFA score without
the renal component equal to 0). Other exclusion criteria
are expected life expectancy less than 90 days, inability
to perform follow-up (homeless patients, main address
far away from the nephrology center, etc.), pregnancy,
privation of liberty by administrative or judicial decision,
no affiliation to the national social security scheme and
refusal to participate in the study.

Recruitment, inclusion and consent

Patients will be recruited at ICU discharge. After a first
screening with regard to the inclusion and exclusion cri-
teria, patients who fulfill the inclusion criteria and are
willing to participate will be included in the study after
providing written informed consent. Patients will be
recruited from 17 ICU (15 in the Greater Paris area, 1 in

Study period

Enrolment Post-enrolment
Time point Day-1 Day-90 Year-1 Year-2 Year-3
Enrolment
Eligibility screening X
Informed consent X
Nephrologist visit X X X X

Assessments X
Clinical assessment

Urine dipstick

Serum creatinine

Urine creatinine

Urine albumine
Electrocardiogram
Cardiovascular events
Thromboembolic events
Health-related quality of life

Fig. 1 SPIRIT diagram
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Clermont-Ferrand and 1 in Amiens) and monitored in 10
nephrology centers.

Confidentiality

All original records will be kept on file at the trial sites or
the coordinating data center for 15 years. The frozen trial
database file will be kept on file for 15 years.

Sample size

The sample size was calculated based on the primary out-
come, namely the occurrence of de novo CKD at 3 years.
Assuming an attrition bias of 10% and a competing risk
of death of 20%, we calculated that 1200 patients fulfill-
ing the inclusion criteria should be included according to
the following distribution: 700 AKI patients who would
fully recover kidney function at ICU discharge, 150 with
impaired kidney function at ICU discharge and 350 with
preexisting CKD. According to epidemiological data pro-
vided by the multicenter prospective observational study
CUB-REA [10] and assuming an inclusion rate of 50% of
the patients fulfilling the inclusion criteria, we estimated
that the inclusion pace could be 5 patients/center/month
leading to study completion within 24 months.

Nephrologist active follow-up

Every patient will be monitored by a nephrologist at
day 90 after ICU discharge and then every year for
3 years. As shown in the SPIRIT diagram, CKD will be
evaluated by creatinine-based eGFR and urinary albumin
(protein)-to-creatinine ratio. Cardiovascular and throm-
boembolic events will be collected as well as health-
related quality of life.

Primary and secondary outcomes

The main outcome of the study will be the incidence of
CKD defined by an eGFR lower than 60 mL/min/1.73 m?
for at least 3 months or chronic dialysis initiation or
renal transplantation, as previously published (KDIGO)
in patients who recovered kidney function at day 90,
defined by an eGFR > 60 mL/min/1.73 m>

The secondary outcomes will include:

+ CKD progression defined by an eGFR decline greater
than 30% at 3 years or the occurrence of ESRD
(defined by an eGFR lower than 15 mL/min/1.73 m?
or chronic dialysis initiation or renal transplantation)
in patients with preexisting CKD

«+ Evolution of urinary protein-to-creatinine ratio (mg/
mmol)

» DPrevalence of patients discharged from ICU with
end-stage renal disease

Page 3 of 5

+ Occurrence of cardiovascular (acute coronary syn-
drome, ischemic stroke, peripheral artery disease,
ventricular rhythm disorders, sudden death) and/or
thromboembolic (deep-vein thrombosis or pulmo-
nary embolism) events

+ All-cause and cardiovascular long-term mortality

+ Health-related quality of life using the KDQOL-
SF-12 [11] and the EQ-5D-5L [12] questionnaires.

Biological sampling

We plan to sample 10 mL of plasma at inclusion. This
biobank will be stored at the Centre de Ressources
Biologiques (Hopital Ambroise Paré, APHP) and will be
used to assess the association between biomarkers of kid-
ney injury and long-term outcomes.

Pre-planned ancillary analysis: 10-year follow-up

We plan to extend patient follow-up up to 10 years
through record linkage between the PREDICT database
and the following datasets:

o The national Renal Epidemiology and Information
Network (REIN) registry to identify ESRD events
(dialysis and kidney transplantation) [13]

+ The national death registry (RNIPP, Registre national
d'identité des personnes physiques) to assess vital
status and identify cause(s) of death.

o The national health insurance information system
(SNIIR-AM) to collect data about patient use of
health resources.

Patient consent for this ancillary study will be
requested at inclusion in the main study.

Data collection, monitoring and data analysis

During the visits, data will be collected in an electronic
case report form (eCRF) using CleanWEB software
(TéléMédecine®, Boulogne, France). This data manage-
ment system allows direct data entry. Data entry will be
monitored by an independent researcher according to a
predefined monitoring plan. Patient confidentiality will
be ensured by using identification numbers.

Patient baseline characteristics will be compared
between AKIN categories at inclusion using analysis
of variance or Mann-Whitney test and Pearson’s Chi-
square test for continuous and categorical data, respec-
tively. Factors associated with main outcome will be
evaluated using a competing risk survival analysis. Fac-
tors associated with the main outcome in univariate anal-
ysis with a p value lower than 0.10 will be included in the
multivariate model. Clinically relevant interactions will
be studied (especially with age, gender and preexisting
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diabetes). Factors associated with long-term mortality
will be evaluated using the same methodology.

Yearly eGER assessment will allow to describe the evo-
lution of GFR over time and the evaluation of factors
associated with eGFR decline. This analysis will be per-
formed using mixed models with random intercepts and
slopes.

The score aiming at predicting the occurrence of CKD
at 3 years will be built as follows: (1) evaluation of factors
associated with the main outcome using competing risk
analysis, (2) assessment of the selection of the variables
using the least absolute shrinkage and selection operator
(LASSO) method, (3) evaluation of score performance,
(4) assessment of the internal validity using bootstrap-
ping. Such a score will be developed using two-thirds of
the entire cohort and validated (external validation) using
the remaining one-third.

The findings of this study will be published in national
and international journals.

Discussion

The PREDICT study is a multicenter observational pro-
spective study aiming at describing the occurrence of
CKD at 3 years in patients who suffered AKI during their
ICU stay. It will be the first prospective study including a
large sample of patients discharged alive from ICU able
to provide CKD incidence after AKI in ICU and to high-
light factors associated with CKD occurrence in this spe-
cific setting.

Several observational studies performed in medicine
wards using administrative billing codes have reported
an increased risk of CKD occurrence after AKI. While
pathogenesis of such a mid- and long-term complica-
tion remains unclear, several hypotheses have been
raised to explain such an outcome. Ischemia-reperfu-
sion phenomena as well as tubular injuries, renal arteri-
olar injuries and endothelial dysfunction might explain
the occurrence of long term of CKD after AKI [5]. All
these phenomena widely occur in ICU patients, much
more often than in non-ICU patients, and this could lead
to a higher risk of CKD in this very specific subgroup of
patients. Although clinically relevant, data about CKD
after AKI in ICU patients remain scarce and specifically
focused on ESRD occurrence and renal replacement ther-
apy [14-16]. The present study may provide interesting
insights in the early identification of these patients who
could benefit from long-term prophylactic measures.

We will specifically focus on patients who recovered
a normal eGFR. Kidney function recovery is difficult to
define as eGFR may only be a part of such an evaluation.
“De novo” CKD after AKI highlights the lack of discrimi-
nation of eGFR in CKD prediction in these patients and
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the need for new tools to identify patients who could
benefit from prophylactic treatments [17]. Accordingly,
the present study will provide two major information: (1)
the proportion of patients who recover a normal eGFR
and who will suffer CKD after ICU discharge and the fac-
tors (during and after the ICU stay) associated with this
complication and (2) the kinetics of eGFR decline and
more importantly of albuminuria, which may be an ear-
lier biomarker of kidney injury. Thus, we aim to provide
tools to help physicians to identify patients who will suf-
fer CKD and who could be difficult to early target with
the blood creatinine assessment. Furthermore, we could
get some interesting results in the clinical, biological and
pathological description of AKI injuries in ICU patients.
Besides tubular injuries, numerous other lesions could
be observed and could help to better understand chronic
kidney injury pathogenesis.

Finally, we will also include patients with previously
known CKD and will be able to describe eGFR decline
slope after AKI in ICU. This could help nephrologists
and transplantation specialists to model the kidney func-
tion worsening and prepare patients to dialysis or renal
transplantation.

In conclusion, the PREDICT study will evaluate CKD
incidence and its determinants in ICU patients who suf-
fered AKI during their ICU stay. It will provide a score
able to predict CKD and help to identify patients who
could benefit from early management and potential pro-
phylactic treatments.

Trial status
Patient recruitment has started on April 26, 2018.
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AKI: acute kidney injury; ICU: intensive care unit; CKD: chronic kidney disease;
ESRD: end-stage renal disease; GFR: glomerular filtration rate.
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